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The prevalence of heart failure is increasing, causing a tremendous burden on health care systems around the

world. Although mortality rate of heart failure has been significantly reduced by several effective agents in the past

3 decades, yet it remains high in observational studies. More recently, several new classes of drugs emerged with

significant efficacy in reducing mortality and hospitalization in chronic heart failure with reduced ejection fraction

(HFrEF) and preserved ejection fraction (HFpEF). To integrate these effective therapies and prioritize them in the

management of Asian patients, Taiwan Society of Cardiology has recently appointed a working group to formulate

a consensus of pharmacological treatment in patients with chronic heart failure. Based on most updated information,

this consensus provides rationales for prioritization, rapid sequencing, and in-hospital initiation of both foundational

and additional therapies for patients with chronic heart failure.
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1. INTRODUCTION

Heart failure is a clinical syndrome characterized by

cardinal symptoms of shortness of breath, ankle swell-

ing, and fatigue, and commonly accompanied by typical

signs of elevated jugular venous pressure, lung rales,

and peripheral edema.
1

The prevalence of heart failure

is around 1-2% in adults, but the clinical course of

heart failure is grave, characterized by repetitive hospi-

talization and high cardiovascular mortality.
1

Mortality

rate of heart failure has been significantly reduced by

several effective drugs in the past 3 decades,
2-4

but it

remains high in observational studies.
5

More recently,

several new classes of drugs emerged with significant

efficacy in reducing mortality and hospitalization in ch-

ronic heart failure with reduced ejection fraction (HFrEF)

and preserved ejection fraction (HFpEF).
6-12

How to in-

tegrate these effective therapies and prioritize them is

unclear in recent heart failure guidelines and consen-

suses.
1,13

Taiwan Society of Cardiology has recently ap-

pointed a working group to formulate a consensus of

pharmacological treatment in patients with chronic heart

failure.
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Abbreviations

ACEI Angiotensin converting enzyme inhibitor

A-HeFT African-American Heart Failure Trial

aHR Adjusted hazard ratio

ARB Angiotensin receptor blocker

ARNI Angiotensin receptor-neprilysin inhibitor

ATLAS Assessment of Treatment with Lisinopril and

Survival

CI Confidence interval

cGMP Cyclic guanosine monophosphate

COPERNICUS Carvedilol Prospective Randomized Cumulative

Survival

DAPA-HF Dapagliflozin and Prevention of Adverse

Outcomes in Heart Failure

DELIVER Dapagliflozin Evaluation to Improve the

LIVEs of Patients With PReserved Ejection

Fraction Heart Failure

DIG Digitalis Investigation Group

EMPEROR-

Preserved

Empagliflozin Outcome Trial in Patients with

Chronic Heart Failure with Preserved

Ejection Fraction

EMPHASIS-HF Eplerenone in Mild Patients Hospitalization

and Survival Study in Heart Failure

EMPULSE Effect of Empagliflozin in Patients Who Are

in Hospital for Acute Heart Failure

HEAAL Heart failure Endpoint evaluation of

Angiotensin II Antagonist Losartan

HFimpEF Heart failure with improved EF

HFmrEF Heart failure with mildly reduced ejection

fraction

HFnEF Heart failure with normal ejection fraction

HFpEF Heart failure with preserved ejection fraction

HFrEF Heart failure with reduced ejection fraction

HFsrEF Heart failure with severely reduced ejection

fraction

IMPACT-HF Initiation Management Pre-Discharge:

Assessment of Carvedilol Therapy for Heart

Failure

KCCQ Kansas City Cardiomyopathy Questionnaire

LVEF Left ventricular ejection fraction

MRA Mineralocorticoid receptor antagonist

NYHA New York Heart Association

NT-proBNP N-terminal prohormone of brain natriuretic

peptide

PARADIGM-HF Prospective Comparison of ARNI with ACEI

to Determine Impact on Global Mortality

and Morbidity in Heart Failure

PARAGON-HF Prospective Comparison of ARNI With ARB

Global Outcomes in HF With Preserved

Ejection Fraction

PEP-CHF Perindopril in Elderly People with Chronic

Heart Failure

PIONEER-HF Comparison of Sacubitril–Valsartan versus

Enalapril on Effect on NT-proBNP in Patients

Stabilized from an Acute Heart Failure Episode

RALES Randomized Aldactone Evaluation Study

SGLT2 Sodium-glucose co-transporter 2

SHIFT Systolic Heart failure treatment with the If

inhibitor ivabradine Trial

SOLOIST-WHF Effect of Sotagliflozin on Cardiovascular

Eventsin Patients with Type 2 Diabetes Post

Worsening Heart Failure

SOLVD Studies of Left Ventricular Dysfunction

STRONG-HF Safety, Tolerability and Efficacy of Rapid

Optimization, Helped by NT-proBNP Testing,

of Heart Failure Therapies

TOPCAT Treatment of Preserved Cardiac Function

Heart Failure with an Aldosterone Antagonist

V-HeFT Vasodilator Heart Failure Trial

VICTORIA Vericiguat Global Study in Subjects with

Heart Failure with Reduced Ejection Fraction

WHF Worsening heart failure



2. BURDEN OF HEART FAILURE IN ASIA AND

TAIWAN

The incidence of heart failure in developed coun-

tries has been stabilized and ranges from 1% to 14%.
14

Although the global age-adjusted incidence of heart fail-

ure is decreasing, the absolute number and heart failure

prevalence is increasing
15,16

(Figure 1). Heart failure

mortality remains high, approximately 50% at 5 years in

recent years.
17

With significant regional and ethnic he-

terogeneity, the reported 6-month and 12-month crude

mortality rates were 6.9% and 9.6%, respectively, among

heart failure patients in Asia.
16

The incidence of heart failure in Taiwan in 2016 was

2.19 per 1000 person-years with a stepwise increase

with age, with an overall temporal trend of slightly de-

creased incidence from 2001 to 2016 (2.44 to 2.19 per

1,000 person-years, respectively).
18

The prevalence in-

creased from 0.63% in 2001 to 1.40% in 2016, with a

2.22-fold increase over the 16 years. The projected pre-

valence rate was estimated to be 1.99% in 2025, and

would step up every 5 years to 2.44%, 2.88%, 3.36%,

3.89%, and 4.45% (803,401 patients estimated) in 2050.
18

The lifetime risk of heart failure was 1 in 5 for Taiwanese

adults aged � 20 years, being higher for males (1 in 4)

compared to females (1 in 5). The incident mortality af-

ter newly diagnosed heart failure during follow-up was

estimated to be 38.5%, 52.2%, 62.1%, 69.6% and 75.5%

at 2-year, 4-year, 6-year, 8-year and 10-year follow-up,

respectively. The annual rate of all-cause death was

16.53%, higher than those without heart failure [ad-

justed hazard ratio (aHR): 1.80, 95% confidence interval

(CI): 1.38-2.36, p < 0.01].
18

Consensus statements

� Despite a decrease in the incidence rate of heart fail-

ure in Taiwan in the recent 2 decades, the prevalence

rate is increasing, similar to current Asia status.

� For adult Taiwanese, the lifetime risk of heart failure is

1 in 5 for women and 1 in 4 for men.

� The all-cause death rate of heart failure in Taiwan is

very high, around 50% in 4 years and 75% in 10 years.

3. PROPOSED RE-CLASSIFICATION OF HEART

FAILURE

Classification of heart failure based on left ventricu-
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Figure 1. Prevalence and incidence of heart failure in population-based studies around the world.



lar ejection fraction (LVEF) is the most practical ap-

proach because it relates to prognosis and response to

treatment. More importantly, almost all clinical trials

enrolled patients accordingly to individual LVEF. Previ-

ously, HFrEF and HFpEF were defined as LVEF � 40% and

� 50%, respectively, and LVEF 41-49% was defined as

heart failure with mildly reduced EF (HFmrEF).
1,19

It

seems somewhat awkward to classify patients with LVEF

< 50% into HFrEF and HFmrEF. Are patients with HFrEF

more severe than and responding to therapy differently

to patients with HFmrEF? Several analyses suggested

that patients with HFmrEF were less severe than HFrEF,

but benefit from, though to a lesser degree, mineralo-

corticoid receptor antagonist (MRA),
20,21

beta-blockers,
22

angiotensin receptor blocker (ARB),
21,23

angiotensin re-

ceptor-neprilysin inhibitor (ARNI),
21,24

and, most recently,

sodium-glucose co-transporter 2 (SGLT2) inhibitor.
25

A

more straightforward way is to classify patients with

LVEF < 50% as HFrEF, and further classify HFrEF into

HFmrEF (LVEF 41%-49%) and heart failure with severely

reduced EF (HFsrEF) (LVEF � 40%) (Figure 2 and Table 1).

It is also reasonable to name those patients with LVEF �

60% as heart failure with normal EF (HFnEF).
26,27

There

is an argument that male, when compared with female,

have a lower cutoff EF (EF � 55% vs. � 60%) for HFnEF.
26

We did not propose different cutoff of LVEF for gender,

as the efficacy of heart failure treatment was similar be-

tween genders in more recent trials,
11,12

though in the

only ARNI trial we did observe a difference.
28

In a sub-

group analysis of the DELIVER trial, patients with HFnEF

got similar degree of benefits from SGLT2 inhibitor.
12,29

Nevertheless, other underlying causes, such as amyloi-

dosis and hypertrophic cardiomyopathy, need to be tho-

roughly investigated in patients with HFnEF.

Heart failure patients with an initial LVEF � 40%, but

that improved to > 40% or even � 50%, are classified as

heart failure with improved EF (HFimpEF). Patients with

HFimpEF can be looked at as a subgroup of HFsrEF, who

have baseline characteristics similar to HFsrEF but differ-

ent from those with HFpEF.
30

The DELIVER trial is the

first to enroll this particular type of patients and con-

firmed that patients with HFimpEF obtained similar mag-

nitude of benefits compared with that for HFrEF.
12

Additionally, objective evidence of cardiac structural

and functional abnormalities consistent with spontane-
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Figure 2. Proposed new classification of heart failure. HFimpEF, HF

with improved ejection fraction (previous LVEF < 40% that improved by

10% in LVEF and now > 40%); HFimpEF,heart failure with improved EF;

HFmrEF, heart failure with mildly reduced ejection fraction; HFnEF, heart

failure with normal ejection fraction; HFpEF, heart failure with preserved

ejection fraction; HFrEF, heart failure with reduced ejection fraction;

HFsrEF, heart failure with severely reduced ejection fraction; LVEF, left

ventricular ejection fraction.

Table 1. Classification of heart failure based on LVEF

HFrEF
Type of HF

HFsrEF HFmrEF
HFpEF HFnEF

CRITERIA

1 Symptoms � signs Symptoms � signs Symptoms � signs Symptoms � signs

2 LVEF � 40% LVEF 41-49% LVEF 50-59% LVEF � 60%

3 – – Objective evidence of cardiac struc-

tural and functional abnormalities

consistent with spontaneous or pro-

vokable increased LV filling pressures;

and elevated natriuretic peptides*

Objective evidence of cardiac struc-

tural and functional abnormalities

consistent with spontaneous or pro-

vokable increased LV filling pressures;

and elevated natriuretic peptides*

HF, heart failure; HfmrEF, heart failure with mildly reduced ejection fraction; HfnEF, heart failure with normal ejection fraction;

HfpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; HfsrEF, heart failure with

severely reduced ejection fraction; LV, left ventricular; LVEF, left ventricular ejection fraction.

* B-type natriuretic peptide � 35 pg/mL and/or N-terminal pro-B type natriuretic peptide � 125 pg/mL.



ous or provocable increased LV filling pressures, and ele-

vated natriuretic peptides, are required to define HFpEF

and HFnEF (Table 1).

Consensus statements

� Based on LVEF, Taiwan Society of Cardiology has pro-

posed a new classification of heart failure.

� Heart failure with LVEF � 40%, 41%-49%, 50%-59%,

and � 60% are classified as HFsrEF, HFmrEF, HFpEF,

and HFnEF, respectively.

� Patients with HFrEF include those with HFsrEF and

HFmrEF.

� Heart failure with an initial LVEF � 40%, but that im-

proves to > 40% or even � 50%, are classified as

HFimpEF.

� Objective evidence of cardiac structural and functional

abnormalities, combined with elevated natriuretic pep-

tides, is required to define HFpEF and HFnEF.

� For patients with HFnEF, underlying causes, such as

amyloidosis and hypertrophic cardiomyopathy, should

be thoroughly investigated.

4. CLASSIFICATION OF MEDICATIONS FOR HFrEF

4.1. Diuretics

Given the central role of volume expansion in the

pathogenesis of congestion, diuretics are among the

cornerstones of treatment of heart failure, though the

effects of diuretics, except MRAs, on morbidity and mor-

tality are uncertain. Despite that the recent OPTIMIZE-

HF registry with diuretic use compared with no diuretic

use after discharge for heart failure demonstrated re-

ductions in all-cause death and hospitalization for heart

failure,
31

diuretics should not be used in isolation, since

they need to be combined with other evidence-based

therapy. Loop diuretics are the mainstays of diuretic

agents in most patients with heart failure, irrespective

of LVEF.

4.2. Foundational therapy and additional therapy

In this consensus, we classify medications for HFrEF

into two groups: foundational therapy and additional

therapy. We consider a drug to be foundational therapy

if it reduces cardiovascular death and/or all-cause death,

and the risk of hospitalization for heart failure in large-

scale clinical trials.
32

This group includes angiotensin con-

verting enzyme inhibitor (ACEI), ARB, beta-blocker, MRA,

ARNI, and SGLT2 inhibitor. Additional therapy includes

digoxin, hydralazine/isosorbide dinitrate, ivabradine,

and vericiguat, because the magnitude of the overall

treatment effects has been modest, the strength of evi-

dence (the level of statistical significance) is not robust,

or the benefits are limited to specific subgroups.
32

In gen-

eral, foundational therapy should be used first, whereas

additional therapy can be added when patients still have

symptoms despite of foundational therapy, or in certain

conditions when foundational therapy cannot be ap-

plied or contraindicated. The characteristics, inclusion

criteria, and event reductions of major placebo-controlled

HFsrEF trials for both the foundational therapies and ad-

ditional therapies are shown in Table 2.

Asian patients were not included in some remote

trials, and only recent trials of ARNI,
6

SGLT2 inhibitors,
7,8

and vericiguat enrolled Asian patients.
10

In general, the

efficacy in Asian subgroup did not differ from other races

and the main trial.
6-8,10

4.3. ACEI/ARB/ARNI

4.3.1. ACEI

ACEIs are the first class of foundational therapy that

could reduce all-cause death, cardiovascular death, and

hospitalization for heart failure
33,34

(Table 2). They should

be used in patients with systolic blood pressure � 90

mmHg.
1

Patients with severely impaired renal function

(serum creatinine level > 3.7 mg/dL) were excluded.
33

Based on one important study in Asians, ACEI can be

used in patients with an estimated glomerular filtration

rate of 20 mL/min.
35

The major issue of ACEI in Asian

population is higher prevalence of cough compared with

Caucasians. The starting doses, target doses, and the mean

doses achieved in clinical trials are shown in Table 3.

In the Studies of Left Ventricular Dysfunction (SOLVD)

trial,
34

HRs for all-cause death, heart failure hospitaliza-

tion, and the combined endpoint of heart failure hospi-

talization or all-cause death at 14 days after randomiza-

tion were 0.80 (95% CI: 0.32-2.03), 0.63 (95% CI: 0.35-

1.12), and 0.65 (95% CI: 0.39-1.06), respectively. Corre-

sponding HRs at 30 days were 0.82 (95% CI: 0.41-1.67),

0.43 (95% CI: 0.27-0.68), and 0.43 (95% CI: 0.27-0.68),

respectively
36

(Table 3). The magnitude of these early
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effects of starting doses of enalapril is similar to its pre-

viously reported long-term effects at the target dose.
36

These data prompt early initiation of ACEI in HFsrEF.

Given that enalapril have been safely initiated in-hospi-

tal in the Comparison of Sacubitril-Valsartan versus En-

alapril on Effect on N-terminal prohormone of brain

natriuretic peptide (NT-proBNP) in Patients Stabilized

from an Acute Heart Failure Episode (PIONEER-HF) trial,
37

ACEI can be initiated before discharge to provide maxi-

mal protection, if patients are in the convalescent phase

with hemodynamic stability.

The effect of ACEI extending to patients with HFmrEF

was shown in the Perindopril in Elderly People with

Chronic Heart Failure (PEP-CHF) trial.
38

Patients with

LVEF 41-49% (i.e. HFmrEF) were enrolled to compare

perindopril versus placebo. Perindopril did not reduce

the primary endpoint (composite of all-cause death and

heart failure hospitalization) (HR: 0.919, 95% CI: 0.700-

1.208; p = 0.545), due to lower enrollment and event

rates. Moreover, many patients withdrew from perin-

dopril (28%) and placebo (26%) after 1 year and started

taking open-label ACEI. Interestingly, there were reduc-

tions in hospitalization for heart failure (HR: 0.63, 95%

CI: 0.41-0.97; p = 0.033) (Table 4). Functional class (p <

0.030) and 6-minute corridor walk distance (p = 0.011)

improved in those assigned to perindopril. Though un-

certainty remains about the effects of perindopril on

long-term morbidity and mortality in this clinical setting

(HFmrEF), improved symptoms and exercise capacity

and fewer hospitalizations for heart failure were ob-

served for perindopril in the first year.
38

4.3.2. ARB

ARBs reduced cardiovascular death and hospitaliza-

tion for heart failure, but not all-cause death
39,40

(Table

2). They should be used in patients with systolic blood

pressure � 90 mmHg.
39

It is reasonable to have the simi-

lar lower limit of estimated glomerular filtration rate as

ACEI (20 mL/min). Patients who are intolerant to ACEI

because of cough or angioedema should be started on

or changed to an ARB.

Early efficacy of ARB was shown in a pre-defined

sub-analysis of patients with low LVEF in the CHARM

Program.
41,42

Treatment with candesartan led to a signif-

icant reduction in the composite of all-cause death and

heart failure hospitalization within 28 days of random-

ization (HR: 0.61, 95% CI: 0.43-0.86) when the daily dose

was only 8.5 mg daily, 26.6% of the target dose (Table 3).

The effect of ARB extending to patients with HFmrEF

was demonstrated by in an analysis of 7,598 patients in

the whole CHARM Program
23

(Table 4). Patients with

HFmrEF were similar to those with HFsrEF with respect

to some characteristics, and intermediate between HFsrEF

and HFpEF with respect to others.
23

The incidence of

primary endpoint (cardiovascular death and heart fail-

ure hospitalization) for candesartan vs. placebo were

14.4 versus 17.5%/y in HFsrEF (HR: 0.82, 95% CI: 0.75-

0.91; p < 0.0010), 7.4 vs. 9.7%/y in HFmrEF (HR: 0.76,

95% CI: 0.61-0.96; p = 0.02), and 8.6 vs. 9.1 %/y in

HFpEF (HR: 0.95, 95% CI: 0.79-1.14; p = 0.57). For recur-

rent hospitalization due to heart failure, the incidence

rate ratios were 0.68 in HFsrEF (95% CI: 0.58-0.80; p <

0.001), 0.48 in HFmrEF (95% CI: 0.33-0.70; p < 0.001),

367 Acta Cardiol Sin 2023;39:361�390

TSOC Consensus of HF Treatment

Table 3. Doses and early effects of foundational therapies in randomized controlled trials

Drug name Trial name Ref. # Starting dose
Steps of

titration

Target

dose

Mean dose

achieved in

RCTs

Proportion

reaching

target dose

Mean dose at earliest

time of efficacy

(% of target dose)

Earliest

time of

efficacy

Enalapril SOLVD 34,36 2.5-5 mg BID 2-3 10 mg BID 16.6 mg/day 49% NR 30 days

Candesartan CHARM-low LVEF 41,42 4-8 mg QD 2-3 32 mg QD 24 mg/day 60% 8.5 mg QD (26.6%) 28 days

Carvedilol COPERNICUS 50,54 3.125 mg BID 4 25 mg BID 37 mg/day 65% 6.5 mg BID (26%) 28 days

Eplerenone EMPHASIS-HF 42,55 25 mg QD 2 50 mg QD 42 mg/day 85% 27.6 mg QD (55.2%) 28 days

Eplerenone EPHESUS 58,59 25 mg QD 2 50 mg QD 42.6 mg/day NR 25 mg QD (50%) 30 days

Sacubitril/valsartan PARADIGM-HF 6,48 49/51 mg BID 2 97/103 BID 182 mg/193

mg/day

NR NR (Most patients

maintained at target

dose)

30 days

Dapagliflozin DAPA-HF 7,69 10 mg QD 1 10 mg QD 9.8 mg/day 98.1% 10 mg QD (100%) 28 days

Empagliflozin EMPEROR-Reduced 8,70 10 mg QD 1 10 mg QD NR NR 10 mg QD (100%) 28 days

BID, twice daily; NR, not reported; QD, once daily; Ref, reference.





and 0.78 in HFpEF (95% CI: 0.59-1.03; p = 0.08) (Table

4). With EF as a continuous spline variable, candesartan

significantly reduced the primary outcome until LVEF

well over 50% and recurrent HF hospitalizations until

LVEF well over 60%.
23

These findings were confirmed by

a recent pooled analysis of individual patient-level data

from the CHARM-Program.
21

An ARB may be of benefit

beyond the upper limit of LVEF eligibility used in con-

temporary HFrEF trials (40%) and may extend to HFmrEF

(LVEF 41-49%) and even to the lower part of the LVEF

range currently categorized as HFpEF (LVEF � 50%).
21

4.3.3. ARNI

An ARNI is comprised of an ARB and a neprilysin in-

hibitor. In the Prospective Comparison of ARNI with

ACEI to Determine Impact on Global Mortality and Mor-

bidity in Heart Failure (PARADIGM-HF) trial,
6

sacubitril/

valsartan, when compared with enalapril, reduced the

primary endpoint (composite of cardiovascular death

and heart failure hospitalization) by 20% (HR: 0.80,

95% CI: 0.73-0.87; p < 0.001) (Table 2). Cardiovascular

death (HR: 0.80, 95% CI: 0.71-0.89, p < 0.001), heart

failure hospitalization (HR: 0.79, 95% CI: 0.71-0.89, p <

0.001), and all-cause death (HR: 0.84, 95% CI: 0.76-

0.93, p < 0.001) were all reduced. Based on a putative

placebo analysis of the PARADIGM-HF trial, sacubitril/

valsartan significantly reduced cardiovascular death by

34% (p < 0.0001) and heart failure hospitalization by

49% (p < 0.0001).
43

Additional benefits of sacubitril/valsartan included

an improvement in symptoms and quality-of-life,
6

a re-

duction in the incidence of diabetes requiring insulin

treatment,
44

and a reduction in the decline in renal func-

tion,
45

as well as a reduction in hyperkalemia.
46

We re-

commend that an ACEI or ARB can be replaced by sacu-

bitril/valsartan in ambulatory patients with HFsrEF, who

remain symptomatic despite optimal treatment. Symp-

tomatic hypotension was more common in patients

treated with sacubitril/valsartan.
6

Sacubitril/valsartan

should be used in patients with systolic blood pressure �

100 mmHg.
6

It is reasonable to have the lower limit of

estimated glomerular filtration rate at 20 mL/min.
47

In the PARADIGM-HF trial,
6

the reduction in heart

failure hospitalization with ARNI was evident within the

first 30 days (HR: 0.60, 95% CI: 0.38-0.94),
48

suggesting a

benefit of early initiation of ARNI (Table 3). This was

supported by the PIONEER-HF trial that enrolled in-hos-

pital patients.
37

The time-averaged reduction in NT-pro-

BNP concentration was significantly greater in the sa-

cubitril/valsartan group than in the enalapril group (per-

cent change, -46.7% vs. -25.3%; ratio of change with sa-

cubitril/valsartan vs. enalapril, 0.71; 95% CI: 0.63 to

0.81; p < 0.001).
37

The greater reduction in the NT-pro-

BNP concentration with sacubitril/valsartan was evident

as early as week 1 (ratio of change, 0.76; 95% CI: 0.69 to

0.85). Rehospitalization for heart failure was also re-

duced (HR: 0.56, 95% CI: 0.37 to 0.84). It should be noted

that before randomization patients were required to be

hemodynamically stable, defined by maintenance of a

systolic blood pressure of at least 100 mmHg for the pre-

ceding 6 hours, with no increase in the dose of intrave-

nous diuretics and no use of intravenous vasodilators

during the preceding 6 hours and no use of intravenous

inotropes during the preceding 24 hours.
37

The effect of ARNI in patients with HFmrEF was de-

monstrated in a recent pooled analysis from PARADIGM-

HF and Prospective Comparison of ARNI With ARB Glo-

bal Outcomes in HF With Preserved Ejection Fraction

(PARAGON-HF)-HF trial.
24

A total of 13,195 patients

were re-classified into six LVEF categories: � 22.5% (n =

1269), > 22.5% to 32.5% (n = 3987), > 32.5% to 42.5% (n

= 3143), > 42.5% to 52.5% (n = 1427), > 52.5% to 62.5%

(n = 2166), and > 62.5% (n = 1202). The effect of sa-

cubitril/valsartan on the primary endpoints (cardiovas-

cular death and heart failure hospitalization) was modi-

fied by LVEF (treatment-by-continuous LVEF interaction

p = 0.02), and benefit appeared to be present for indi-

viduals with LVEF primarily below the normal range, in-

cluding patients with HFmrEF, although the treatment

benefit for cardiovascular death diminished at a higher

ejection fraction
21,24

(Table 4).

4.4. Beta-blocker

Carvedilol,
49,50

metoprolol succinate,
3

and bisoprolol
51

consistently reduced all-cause death, cardiovascular death,

and hospitalization for heart failure (Table 2). Both sud-

den death and death due to progressive heart failure

were reduced. In the SENIORS trial,
52

nebivolol reduced

the primary composite endpoints of all-cause death plus

hospitalization for heart failure and the secondary com-

posite endpoints of cardiovascular death plus heart fail-

ure hospitalization, though all-cause death and cardio-
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vascular death were not reduced (Table 2). Beta-bloc-

kers should be used in patients with heart rate � 60/

min, and systolic blood pressure � 85 mmHg, but renal

function and serum potassium level did not impose limi-

tation for their use (Table 2).

The safety and efficacy of early initiation of beta-

blocker was demonstrated in the Initiation Management

Pre-Discharge: Assessment of Carvedilol Therapy for

Heart Failure (IMPACT-HF) trial.
53

Early initiation of car-

vedilol in stabilized patients hospitalized for HF im-

proved the use of beta-blocker at 60 days without in-

creasing side effects or length of stay. The early effects

of beta-blocker in patients with severe heart failure was

shown in a subanalysis of the Carvedilol Prospective

Randomized Cumulative Survival (COPERNICUS) trial that

enrolled patients with very high risk, defined by 1 or

more of the following: the presence of pulmonary rales,

ascites, or edema at randomization; 3 or more hospital-

izations for heart failure within the last year; hospitaliza-

tion at the time of screening or randomization; need for

intravenous positive inotropic agent or vasodilator drug

within 14 days before randomization; or left ventricular

ejection fraction of 15%.
54

Kaplan-Meier curves sug-

gested that the all-cause death separated as early as

14-21 days among all randomized patients (HR: 0.75,

95% CI: 0.41-1.35), especially in very-high risk group

(HR: 0.20, 95% CI: 0.06-0.70).
54

It is noteworthy that 21

days of treatment is at a time when patients were gen-

erally receiving a dosage of only 6.25 mg of carvedilol

twice a day, 26% of the target dose (Table 3).

The efficacy of beta-blocker in patients with HFmrEF

was demonstrated in a recent individual patient-level

meta-analysis.
22

Among 14,262 patients in sinus rhythm,

median LVEF was 27%, including 575 patients with LVEF

40-49% and 244 � 50%. Beta-blockers reduced all-cause

and cardiovascular death compared to placebo in sinus

rhythm, an effect that was consistent across LVEF strata,

except for those in the small subgroup with LVEF � 50%.

For LVEF 40-49%, death occurred in 7.2% patients ran-

domized to beta-blockers compared to 12.4% with pla-

cebo (aHR: 0.59, 95% CI: 0.34-1.03). Cardiovascular death

occurred in 4.5% with beta-blockers and 9.2% with pla-

cebo (aHR: 0.48, 95% CI: 0.24-0.97) (Table 4). Over a

median of 1.0 year following randomization (n = 4,601),

LVEF increased with beta-blockers in all groups in sinus

rhythm except those with LVEF � 50%. For patients in

atrial fibrillation at baseline (n = 3,050), beta-blockers

increased LVEF if baseline LVEF was < 50%, but did not

improve prognosis. These data support the efficacy of

beta-blockers in patients with HFmrEF.
22

4.5. MRA

MRAs consistently reduced all-cause death, cardio-

vascular death, and heart failure hospitalization (Table

2). Both sudden death and death due to progressive

heart failure were reduced.
4

In patients with a baseline

serum potassium level greater than 5 meq/L, MRA is

contraindicated or should be used with caution.
4,55

In re-

garding to renal function, patients with advanced chro-

nic kidney disease, defined by estimated glomerular fil-

tration rate < 30 mL/min in the Eplerenone in Mild Pa-

tients Hospitalization and Survival Study in Heart Failure

(EMPHASIS-HF) trial
55

or serum creatinine > 2.5 mg/dL

(� glomerular filtration rate < 20-26 mL/min) in the Ran-

domized Aldactone Evaluation Study (RALES) trial, were

excluded.
4

Given that MRAs provide huge benefits in the

reduction in mortality, it is generally accepted that they

can be used cautiously in patients with an estimated

glimerular filtration rate � 20 mL/min if the dose can be

properly reduced and the risk of hyperkalemia and acute

kidney injury be carefully monitored.
56

In a subanalysis of the RALES trial, patients with

baseline estimated glomerular rate < 60 mL/min exhib-

ited similar relative risk reductions in all-cause death

and the combined endpoint of death plus heart failure

hospitalization as those with an estimated glomerular

rate � 60 mL/min, but with greater absolute risk reduc-

tion (10.3% vs. 6.4%).
57

Moreover, worsening renal func-

tion (defined as a 30% reduction in estimated glomeru-

lar filtration rate from baseline to 12 weeks post-ran-

domization) was associated with an increased adjusted

risk of death in the placebo group (HR: 1.9, 95% CI: 1.3

to 2.6) but not in those randomized to spironolactone

(HR: 1.1, 95% CI: 0.79 to 1.5, p for interaction = 0.009).

The risk of hyperkalemia and renal failure was higher in

the spironolactone arm, but the substantial net clinical

benefit remained.
57

The early benefits of MRA were described in both

the EMPHASIS-HF trial
55

and the EPHESUS trial.
58

In the

EMPHASIS-HF trial, eplerenone reduced the primary

endpoint (composite of cardiovascular death and heart

failure hospitalization) within 28 days (HR: 0.51, 95% CI:
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0.30-0.87) when the daily dose was only 27.6 mg, 55.2%

of the target dose
42,55

(Table 3). In a subanalysis of

EPHESUS,
58

eplerenone reduced the risk of all-cause

death by 31% (HR: 0.69, 95% CI: 0.54-0.89, p = 0.004)

and cardiovascular death by 32% (HR: 0.68, 95% CI:

0.53-0.88, p = 0.003) at 30 days after randomization,

when patients were treated with eplerenone 25 mg/day,

50% of the target dose
59

(Table 3). The benefits of pre-

discharge administration of MRA was confirmed by an-

other study from Asia.
60

The effect of MRA in patients with HFmrEF was de-

monstrated in a recent sub-analysis of patients from

America in the Treatment of Preserved Cardiac Function

Heart Failure with an Aldosterone Antagonist (TOPCAT)

trial.
20

Patients were categorized into four groups ac-

cording to their LVEF: < 50%, 50-55%, 55-60%, and �

60%. The efficacy (HRs and 95% CI) for the primary end-

point (cardiovascular death, aborted cardiac arrest, and

heart failure hospitalization) were 0.55 (95% CI: 0.33-

0.91), 0.83 (0.56-1.25), 0.85 (0.60-1.21, and 0.89 (0.69-

1.15) (p for interaction 0.069); for cardiovascular death

(0.46, [0.23-0.94]; 0.76 [0.40-1.45]; 0.97 [0.57-1.64],

and 0.73 [0.49-1.10] (p for interaction 0.93); for heart

failure hospitalization (0.60 [0.32-1.10]; 0.80 [0.51-

1.25]; 0.70 [0.47-1.06]; and 0.85 [0.71-1.26] (p for inter-

action 0.037); for all-cause death (0.58 [0.34-0.99]; 0.92

[0.56-1.50]; 1.12 [0.75-1.66], and 0.75 [0.55-1.03] (p

for interaction 0.54) (Table 4). Therefore, MRA was ef-

fective in patients with HFmrEF. These findings were

supported by a recent meta-analysis of individual pati-

ent-level data from the three MRA trials:
21

RALES,
4

EM-

PHASIS-HF,
55

and the TOPCAT trials.
61

MRA are bene-

cifial not only in HFsrEF patients (� 40%), but in HFmrEF

patients (LVEF 41-49%) and even to patients with lower

part of LVEF range currently categorized as HFpEF (LVEF

50-59%).
21

4.6. SGLT2 inhibitor

SGLT2 inhibitors consistently reduced the composite

endpoints of cardiovascular death plus heart failure hos-

pitalization (Table 2). Sotagliflozin inhibits both SGLT1

and SGLT2, but the Effect of Sotagliflozin on Cardiovas-

cular Eventsin Patients with Type 2 Diabetes Post Wors-

ening Heart Failure (SOLOIST-WHF) trial only enrolled

diabetic patients.
9

Interestingly, only dapagliflozin re-

duced all-cause death and cardiovascular death.
7

Dapa-

gliflozin also reduced the risk of any serious ventricular

arrhythmia, cardiac arrest, or sudden death.
62

SGLT2 in-

hibitors can be safely used in patients with systolic blood

pressure � 95 mmHg and an estimated glomerular filtra-

tion rate � 20 mL/min. For patients with baseline systolic

blood pressure < 110 mmHg, dapagliflozin increased sys-

tolic blood pressure with time.
63

SGLT2 inhibitors increase

hematocrit,
64

decrease MRA-induced severe hyperkale-

mia,
65

and prevent new-onset diabetes.
66

Asian patients

seem to benefit more from the use SGLT2 inhibitors,

compared with Caucasian patients.
67

In a recent Asian-

subanalysis of the Dapagliflozin and Prevention of Ad-

verse Outcomes in Heart Failure (DAPA-HF) trial,
68

dapa-

gliflozin reduced the risk of the primary endpoint (car-

diovascular death plus heart failure hospitalization) to

the same extent in patients from Asia (HR: 0.65, 95% CI:

0.49 to 0.87) as elsewhere (HR: 0.77; 95% CI: 0.66 to

0.89; p for interaction = 0.32). The absolute risk reduc-

tion, however, was numerically greater in Asians (5.8%/

year vs. 3.5%/year) that translated to number-need-to-

treat of 18 vs. 29. East-Asian patients (China, Japan, and

Taiwan) when compared with South-East Asians and

South Asians, seem to benefit the most (HRs: 0.61, 95%

CI: 0.43-0.86; 0.69, 95% CI: 0.26-1.85; 0.87, 95% CI:

0.45-1.72, respectively; p for interaction 0.72) with an

absolute risk reduction of 8.1%/year and a number-

need-to-treat of only 13.
68

The efficacy of SGLT2 inhibitors appeared within 30

days of initiation
69,70

(Table 3). The safety and efficacy of

initiation of SGLT2 before discharge has been shown in

the Effect of Empagliflozin in Patients Who Are in Hospi-

tal for Acute Heart Failure (EMPULSE) trial.
71

Patients

were randomized in the hospital when they were clini-

cally stable (median time from hospital admission to

randomization, 3 days) and were treated for up to 90

days. The primary outcome of the trial was clinical bene-

fit, defined as a hierarchical composite of death from

any cause, number of heart failure events and time to

first heart failure event, or a 5 point or greater differ-

ence in change from baseline in the Kansas City Cardio-

myopathy Questionnaire (KCCQ) Total Symptom Score at

90 days, as assessed using a win ratio.
71

When com-

pared with placebo, more patients treated with empagli-

flozin had clinical benefit (stratified win ratio: 1.36; 95%

CI: 1.09-1.68; p = 0.0054), meeting the primary end-

point. Clinical benefit was observed for both acute de
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novo and decompensated chronic heart failure and was

observed regardless of ejection fraction or the presence

or absence of diabetes. These findings indicate that initi-

ation of SGLT2 inhibitor in patients hospitalized for acute

heart failure was well tolerated and resulted in signifi-

cant clinical benefit within 90 days after starting treat-

ment.
71

The information regarding SGLT2 inhibitor in pati-

ents with HFmrEF was provided by the Empagliflozin

Outcome Trial in Patients with Chronic Heart Failure

with Preserved Ejection Fraction (EMPEROR-Preserved)

trial and the Dapagliflozin Evaluation to Improve the

LIVEs of Patients With PReserved Ejection Fraction Heart

Failure (DELIVER) trial.
11,12

SOLOIST-WHF trial also con-

tained patients with HFmrEF.
9

In the EMPEROR-Preserved

trial, patients with LVEF > 40%, including HFmrEF, HFpEF,

and HFnEF, were enrolled.
11

The primary endpoint (car-

diovascular death and heart failure hospitalization) was

reduced by empagliflozin (HR: 0.79, 95% CI: 0.69-0.90, p

< 0.001), mainly driven by a significant reduction in heart

failure hospitalization (0.71, 95% CI: 0.60-0.83).
11

Car-

diovascular death was not reduced (HR: 0.91, 95% CI:

0.76-1.09). The HRs and 95% CI for patients with HFmrEF,

HFpEF, and HFnEF were 0.71 (0.57-0.88), 0.80 (0.64-

0.99), and 0.87 (0.69-1.10), supporting the effectiveness

of empagliflozin in patients with HFmrEF. In a pooled

analysis of both the EMPEROR-Reduced trial and EM-

PEROR-Preserved trials, patients were grouped based on

LVEF: < 25%, 25-34%, 35-44%, 45-54%, 55-64%, and �

65%.
25

The HRs and 95% CI were 0.73 (0.55-0.96), 0.63

(0.50-0.78), 0.72 (0.52-0.98), 0.66 (0.50-0.86), 0.70 (0.53-

0.92), 1.05 (0.70-1.58), respectively. These data re-con-

firm that empagliflozin was effective in patients with

HFmrEF and HFpEF, but the efficacy attenuated in pa-

tients with HFnEF.

In the DELIVER trial, patients with LVEF > 40%, in-

cluding HFmrEF, HFpEF, and HFnEF, were enrolled.
12

The

primary endpoint was worsening heart failure (heart

failure hospitalization and urgent heart failure visit) and

cardiovascular death. Dapagliflozin reduced the primary

endpoint by 18% (HR: 0.82, 95% CI: 0.73-0.92, p < 0.001),

mainly driven by a significant reduction in worsening

heart failure (0.79, 95% CI: 0.69-0.91).
12

Cardiovascular

death was not significantly reduced (HR: 0.88, 95% CI:

0.74-1.05). The HRs and 95% CI for patients with HFmrEF,

HFpEF, and HFnEF were 0.87 (0.72-1.04), 0.79 (0.65-

0.97), and 0.78 (0.62-0.96) (p for interaction > 0.05),

supporting the effectiveness of dapagliflozin in patients

with HFmrEF, HFpEF, and HFnEF (Table 4). Of note, in

the pre-defined pooled analysis of DAPA-HF and the DE-

LIVER trials, the efficacy of dapagliflozin was demon-

strated across the full-spectrum of LVEF, without attenu-

ation in patients with HFnEF.
29

In the SOLOIST-WHF trial, 79% patients have LVEF <

50% that include patients with HFmrEF and HFsrEF.
9

The

primary end point was cardiovascular death and total

number of heart failure hospitalizations and urgent visits.

Though the trial ended early because of loss of funding

from the sponsor, sotagliflozin reduced primary end-

point (HR: 0.67, 95% CI: 0.52 to 0.85; p < 0.001), mainly

driven by reduction in total number of heart failure hos-

pitalizations and urgent visits (HR: 0.64, 95% CI: 0.49-

0.83, p < 0.001). Cardiovascular death was not signifi-

cantly reduced (HR: 0.84, 95% CI: 0.58-1.22). Patients

with LVEF < 50% and � 50% obtained benefits in the re-

duction of primary endpoint (HR: 0.72, 95% CI: 0.56-

0.94; HR: 0.48, 95% CI: 0.27-0.86; respectively) (Table

4). These data suggested that sotagliflozin was effective

in patient with HFmrEF and HFpEF, though the trial only

enrolled patients with type 2 diabetes.

4.7. Digoxin

In the main trial of Digitalis Investigation Group (DIG)

that enrolled patients with sinus rhythm and an LVEF �

45%,
72

digoxin did not reduce all-cause death, nor car-

diovascular death, but the combined endpoints of all-

cause death plus heart failure hospitalization (HR: 0.85,

95% CI: 0.79-0.91, p < 0.001) and heart failure hospital-

ization alone (HR: 0.72, 95% CI: 0.66-0.79, p < 0.001)

were decreased (Table 2). The details of inclusion and

exclusion were not reported, but it is generally accept

that digoxin should not be used in patients with end-

stage renal disease
73

and heart rate less than 60/min.

In the ancillary DIG trial that enrolled patients with

sinus rhythm and an LVEF > 45%,
74

digoxin did not signi-

ficantly reduced the primary endpoint (death and hos-

pitalization due to heart failure) (HR: 0.82, 95% CI: 0.63-

1.07; p = 0.136). In a retrospective analysis of the DIG

trial, the effects of digoxin were examined in three groups

according to LVEF: < 40% (HFsrEF), 40-49% (HFmrEF),

and � 50% (HFpEF).
75

Digoxin reduced primary endpoint

in patients with HFsrEF (HR: 0.74, 95% CI: 0.68-0.81),
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but not in patients with HFmrEF (HR: 0.83, 95% CI: 0.66-

1.05) and HFpEF (HR: 0.88, 95% CI: 0.65-1.19).
75

4.8. Vasodilator

In the Vasodilator Heart Failure Trial (V-HeFT) I, pa-

tients with LVEF < 45% were enrolled.
76

Vasodilator ther-

apy with hydralazine/isosorbide dinitrate reduced all-

cause death by 34% (p < 0.028) (Table 2). The effect on

cardiovascular death and heart failure hospitalization

was not reported. The detailed inclusion criteria regard-

ing blood pressure and renal function were not men-

tioned either. It is generally agreed that vasodilator

therapy should be used in patients with systolic blood

pressure � 100 mmHg. In the V-HeFT II trial, patients

with LVEF < 45% were randomized to enelaptril or hy-

dralazine/isosorbide dinitrate.
77

Enalapril was more ef-

fective than hydralazine/isosorbide dinitrate in reducing

all-cause death by 28% (p = 0.016). Interestingly, in the

African-American Heart Failure Trial (A-HeFT), hydra-

lazine/isosorbide dinitrate significant reduced all-cause

death by 43% (p = 0.01) and heart failure hospitalization

by 33% (p = 0.001).
78

The data for vasodilator in patients

with HFmrEF was lacking. Vasodilator therapy with hy-

dralazine/isosorbide dinitrate might be considered in

patients with HFsrEF who are intolerant to ACEI or ARB.

4.9. Ivabradine

The Systolic Heart failure treatment with the If in-

hibitor ivabradine Trial (SHIFT) trial demonstrated the

efficacy of ivabradine, a sinoatrial node modulator that

selectively inhibits If current, in reducing the composite

endpoint of cardiovascular death and heart failure hos-

pitalization (HR: 0.82, 95% CI: 0.75-0.90, p < 0.0001) in

patients with LVEF � 35% and sinus rhythm
79

(Table 2).

The effects were mainly driven by a reduction in heart

failure hospitalization (HR: 0.74, 95% CI: 0.66-0.83; p <

0·0001), whereas the cardiovascular death was not sig-

nificantly reduced (HR: 0.91, 95% CI: 0.80-1.03). Iva-

bradine should be used in patients with systolic blood

pressure � 85 mmHg and sinus rhythm with a baseline

heart rate � 70/min despite the use of beta-blocker at

maximally tolerated doses. The effect of ivabradine in

patients with HFmrEF is unknown.

4.10. Vericiguat

Vericiguat stimulates soluble guanyl cyclase and in-

creases cyclic guanosine monophosphate (cGMP) pro-

duction. In the Vericiguat Global Study in Subjects with

Heart Failure with Reduced Ejection Fraction (VICTORIA)

trial,
10

vericiguat reduced primary composite endpoint

(cardiovascular death or heart failure hospitalization)

(HR: 0.90, 95% CI: 0.82-0.98), mainly driven by a reduc-

tion in heart failure hospitalization (HR: 0.90, 95% CI:

0.81-1.00). Cardiovascular death was not reduced (HR:

0.93, 95% CI: 0.81-1.06) (Table 2). Intesteringly, the VIC-

TORIA trial in the first large-scale trial that enrolled pa-

tients with worsening heart failure (WHF) who had re-

cently been hospitalized within 6 months or had received

intravenous diuretic therapy within 3 months. According

to its inclusion/exclusion criteria, vericiguat can be used

in patients with an estimated glomerular filtration rate �

15 mL/min, but not in patients with systolic blood pres-

sure < 100 mmHg, though the blood pressure change

throughout the trial was minimal.
10

In a pre-defined subgroup analysis of the VICTORIA

trial, vericiguat was effective in patients with LVEF < 40%

(HR: 0.88, 95% CI: 0.80-0.97),
10

but not in patients with

LVEF � 40% (HR: 1.05, 95% CI: 0.81-1.36). Therefore, ve-

riciguat can be used in patients with HFsrEF, but its ef-

fect in HFmrEF is not clear.

Consensus statements

� Loop diuretics are the mainstays of diuretic agents in

most patients with heart failure, irrespective of LVEF.

� Foundational therapies include ACEI, ARB, beta-blocker,

MRA, ARNI, and SGLT2 inhibitor. They reduce cardiovas-

cular death and/or all-cause death, and the risk of hospi-

talization for heart failure in large-scale clinical trials.

� Additional therapies include digoxin, hydralazine/iso-

sorbide dinitrate, ivabradine, and vericiguat, because

the magnitude of the overall treatment effects has

been modest, the strength of evidence is not robust,

or the benefits are limited to specific subgroups.

� Additional therapy can be added when patients still

have symptoms despite of foundational therapy, or in

certain conditions when foundational therapy cannot

be applied or contraindicated.

� Asian patients were not included in some remote trials,

and only recent trials of ARNI, SGLT2 inhibitors, and

vericiguat enrolled Asian patients. In general, the effi-

cacy in Asian subgroup did not differ from other races

and the main trial.
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� Before prescribing heart failure medications, the fol-

lowing parameters should be examined: systolic blood

pressure, heart rate, renal function, and serum potas-

sium level.

5. DOSE OF FOUNDATIONAL THERAPY

Clinical practice guidelines recommened using the

same target doses defined by randomzied controlled tri-

als.
1,19

Previously, the foundational therapies were started

at a low dose and the dose was then increased in steps

over several weeks or months to a target dose if each

dose increment was tolerated. However, the mean doses

that were achieved in trials were lower than the target

doses defined by individual trials (Table 3). The achieved

doses were approximately 50-70% of the target doses

for ACEI/ARB, and 60-70% for beta-blockers. Given that

all the foundational therapies at the achieved doses

were proven to be effective in reducing mortality and

heart failure hospialization, “maximally tolerated dose”

seems a better term than “target dose” when we define

the adequacy of doses.

One misconception is that only target doses or max-

imally tolerated doses can provide efficacy. This is prob-

ably not true. As shown in Table 3, many foundational

therapies were effective at the doses that were far lower

than the target doses. More importantly, the efficacy

appeared very early, generally within the first 30 days of

initiation (Table 3). For instance, in the CHARM-Low

LVEF analysis, candesartan reduced the composite of

all-cause death or heart failure hospitalizaiton within 28

days of randomization (HR: 0.61, 95% CI: 0.43-0.86) at a

dose of 8.5 mg/day, 26.6% of the target dose.
41,42

Simi-

larly, in the EMPHASIS-HF trial, eplerenone reduced all-

cause death and heart failure hospitalization within 28

days of randomization (HR: 0.51, 95% CI: 0.30-0.87) at a

dose of 27.6 mg/day, 55.2% of the target dose.
42,55

In

the PARADIGM-HF trial,
6

those receiving 50% to < 100%

and < 50% of target dose of sacubitril/valsartan obtained

similar efficacy (HR: 0.79, 95% CI: 0.67-0.92; HR: 0.79,

95% CI: 0.58-1.07; respectively) compared with those re-

ceiving 100% target dose (HR: 0.79, 95% CI: 0.71-0.88).
80

There are two randomzied trials comparing low dose and

high dose therapy in HFrEF, the Assessment of Treatment

with Lisinopril and Survival (ATLAS) and the Heart failure

Endpoint evaluation of Angiotensin II Antagonist Losar-

tan (HEAAL) trials.
81,82

The high dose regimen reduced

heart failure hospitalization, but did not further reduce

mortality, when compared with the low dose regimen.

Consensus statements

� The mean doses that were achieved in trials were

lower than the target doses defined by individual trials.

� Because all the foundational therapies at the achieved

doses were effective in reducing mortality and heart

failure hospialization, “maximally tolerated dose” is a

better term than “target dose” when we define the

adequacy of doses.

� The efficacy of foundational therapy appears very

early, generally within the first 30 days of initiation.

6. EFFECTS OF FOUNDATIONAL THERAPY

ACCORDING TO EVIDENCE-BASED

BACKGROUND THERAPIES

When considering combination therapy for HFsrEF, it

is important to ensure that the beneficial effect of a new

drug are truly additive to the those obtained from other

foundational therapies, across different doses and differ-

ent combinations. Taken SGLT2 inhibitors as examples,

consistent benefits have been shown on the primary end-

point of cardiovascular death and heart failure hospitaliza-

tion irrespective of background use of other foundational

therapies at less than 50% or 50% or more of target dose,

and in various clinical relevant dual and triple combina-

tions
7,8,83,84

(Table 5). Similar findings have been reported

for ARNI in the PARADIGM-HF trial.
85

These data provide a

rationale for early combination of foundational therapies,

well before the maximally tolerated dose being achieved.

Consensus statement

� Early combination of foundational therapies can be

started before the maximally tolerated dose being

achieved.

7. RAPID SEQUENCING STRATEGY OF

FOUNDATIONAL THERAPIES

Previously, guidelines suggested initiating founda-
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tional therapies in patients with HFsrEF in a conven-

tional sequence that follows the chronological order in

which trials were conducted, typically requiring � 6

months. We propose “rapid sequencing” strategy to ob-

tain maximal benefits in shortest duration for the man-

agement of HFsrEF. This strategy was based on 5 princi-

ples: First, ARNI is a replacement for ACEI/ARB.
6

Second,

patients should be started on all four foundational ther-

apies within 2-4 weeks because drugs act rapidly to re-

duce mortality and heart failure hospitalization (Table 3).

Third, low starting doses of foundational therapy have

substantial therapeutic benefits (Table 3), and achieve-

ment of low doses of all four classes of drugs should take

precedence over up-titration to target doses.
32

Fourth,

the efficacy of each foundational therapy is independ-

ent of type and doses of other foundational therapies

(Table 5). Fifth, the agents that started earlier could en-

hance the safety of other agents that were started si-

multaneously or later in the sequence. For instance,

early initiation of SGLT2 inhibitor decreased the risk of

MRA-induced hyperkalemia,
65

increased blood pressure

favoring the subsequent use of ARNI,
63

and reduced fluid

overload that facilitate the addition of a beta-blocker.
54

A recent modelling study using data from six pivotal
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Table 5. Effect of SGLT2 inhibitor on primary endpoints by background therapy

Trial name DAPA-HF
7,83

EMPEROR-reduced
8,84

Dapagliflozin Empagliflozin

Drug name
HR (95% CI)

p for

interaction
HR (95% CI)

p for

interaction

Overall effect 0.74 (0.65-0.85) 0.75 (0.65-0.86)

ARNI 1.00 NR

Yes 0.75 (0.50-1.13) 0.64 (0.45-0.89)

No 0.74 (0.65-0.86) 0.77 (0.66-0.90)

ACEI/ARB target dose 0.21 0.18

< 50% 0.78 (0.65-0.94) 0.85 (0.69-1.06)

� 50% 0.64 (0.50-0.82) 0.67 (0.52-0.88)

Beta-blocker target dose 0.76 0.15

< 50% 0.71 (0.59-0.86) 0.66 (0.54-0.80)

� 50% 0.74 (0.60-0.90) 0.81 (0.66-1.00)

MRA target dose 0.82 0.96

< 50% 0.71 (0.45-1.12) 0.77 (0.22-2.63)

� 50% 0.74 (0.63-0.88) 0.75 (0.63-0.88)

ACEI/ARB � 50% target dose + beta-blocker � 50% target dose 0.40 0.96

Yes 0.66 (0.48-0.91) 0.74 (0.54-1.03)

No 0.77 (0.66-0.89) 0.75 (0.64-0.87)

ACEI, ARB, or ARNI + beta-blocker (all at any dose) NR 0.64

Yes NR 0.68 (0.60-0.77)

No NR 0.73 (0.56-0.94)

ARNI + beta-blocker + MRA (all at any dose) 0.86 0.15

Yes 0.70 (0.41-1.19) 0.55 (0.35-0.86)

No 0.74 (0.65-0.85) 0.77 (0.67-0.89)

ACEI/ARB + beta-blocker + MRA (all � 50% target dose) 0.65 0.71

Yes 0.70 (0.48-1.01) 0.80 (0.55-1.17)

No 0.75 (0.65-0.87) 0.74 (0.64-0.86)

ACEI, ARB, or ARNI + beta-blocker + MRA (all at any dose) NR 0.73

Yes NR 0.68 (0.58-0.79)

No NR 0.70 (0.59-0.84)

ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor-neprilysin inhibitor;

CI, confidence interval; HF, heart failure; HR, hazard ratio; MRA, mineralocorticoid receptor antagonist; NR, not reported; SGLT2i,

sodium-glucose co-transporter 2 inhibitor.



trials in HFrEF provided us the rationale for the strategy

to accelerate foundational therapies.
86

The investigators

compared (i) more rapid up-titration of therapies used

in the conventional order (based on the chronology of

the trials), and (ii) accelerated up-titration and using

treatments in different orders than the conventional

ones. The best sequence for reducing the composite of

heart failure hospitalization and cardiovascular death

was the accelerated sequence of SGLT2 inhibitor/MRA/

ARNI/beta-blocker within 12 weeks that could reduced

47 events per 1000/year than the conventional sequ-

ence of ACEI (ARB)/beta-blocker/ARNI/SGLT2 inhibitor

in 24 weeks (Figure 3A and 3B).
86

The investigators fur-

ther studied the possibility of starting two drugs simul-

taneously, followed by the remaining two drugs (Figure

3C and 3D). Compared with sequence 3 (ARNI/BB/MRA/

SGLT2 inhibitor in 12 weeks) in Figure 3A, the greatest

incremental reduction in the composite of heart failure

hospitalization and cardiovascular death was with the

sequence starting with the combination of SGLT2 inhibi-

tor plus MRA, followed by an ARNI and then beta-bloc-

ker (the sequence of SGLT2 inhibitor plus MRA as the

same initial, followed by a beta-blocker, and then an

ARNI, was almost as effective) (Figure 3C and 3D).
86

More recently, the investigators of the Safety, Toler-

ability and Efficacy of Rapid Optimization, Helped by

NT-proBNP Testing, of Heart Failure Therapies (STRONG-

HF) trial adopted a more aggressive strategy in patients

with heart failure irrespective of LVEF.
87

Patients allo-

cated to the high-intensity care group received 3 foun-

dational therapy (beta-blocker, ACEI/ARB/ARNI, MRA)

up to at least half the optimal doses before discharge.

These medications were up-titrated to 100% of the re-

commended doses within 2 weeks of discharge. The

primary endpoint (180-day heart failure readmission or

all-cause death) was reduced by 34% (HR: 0.66, 95% CI:

0.50-0.86, p = 0.0021) in the high-intensity group com-

pared to the usual care group.
87

We recommend rapid

sequencing, instead of conventional sequencing strat-

egy, for patients with HFsrEF (Figure 4).
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Figure 3. Comparison of different rapid sequencing strategies of foundational therapies. (A) Seven different sequencing strategies. (B) The best se-

quence for reducing the composite of heart failure hospitalization and cardiovascular death was the accelerated sequence of SGLT2i/MRA/

ARNI/beta-blocker within 12 weeks. (C) Six different sequencing strategies starting with combination therapy. (D) The best sequencing for reducing

the composite endpoints was the sequence starting with the combination of SGLT2i plus MRA, followed by an ARNI and then beta-blocker. * ARNI can

be prescribed when systolic blood pressure � 100 mmHg. ARNI, angiotensin receptor-neprilysin inhibitor; BB, beta-blocker; CV, cardiovascular; HHF,

heart failure hospitalization; MRA, mineralcorticoidreceptor antagonist; RASi, renin-angiotensin system inhibitor; SGLT2i, sodium-glucose co-trans-

porter 2 inhibitor.

A B

C D



Consensus statements

� We propose “rapid sequencing” strategy, instead of

conventional sequencing strategy, to obtain maximal

benefits in shortest duration for the management of

HFsrEF.

� Patients should be started on all four foundational

therapies within 2-4 weeks.

� ACEI/ARB should be replaced by ARNI to achieve bet-

ter efficacy.

� We suggest starting with combination of SGLT2 inhibi-

tor and MRA, followed by an ARNI and then beta-

blocker (or beta-blocker first, followed by ARNI de-

pending on systolic blood pressure), to achieve maxi-

mal benefits.

� The most recent data suggested that all the founda-

tional therapies with half doses could be applied be-

fore discharge and were increased to full doses within

2 weeks after discharge.

8. IN-HOSPITAL INITIATION

A quarter of patients hospitalized for worsening

HFrEF are either rehospitalized or dead within 30 days

of discharge.
88

On the other hand, hospitalization for

heart failure provides a key opportunity to improve utili-

zation of foundational therapy. Mounting evidence sup-

ports hospitalized and ambulatory patients with HFrEF

as a common pathophysiology on a continuum,
89

and

deferring in-hospital initiation of foundational therapies

exposes patients to excess risk of early post-discharge

deterioration and death,
90

and the possibility of never

having the medication prescribed.
91

Table 6 shows re-

cent trials evaluating in-hospital initiation of founda-

tional therapies for patients with HFrEF. In general,

in-hospital initiation of foundational therapies was asso-

ciated with better primary outcome and/or secondary

outcome without an increase in adverse events. The

data supporting SGLT2 inhibitors for in-hospital initia-

tion are most robust. The safety data in the hospitalized

patients with COVID-19 in the recent DARE-19 (Dapagli-

flozin in patients with cardiometabolic risk factors hospi-

talized with COVID-19) trial supported the safety of

in-hospital initiation of SGLT2 inhibitor, though patient

populations were different.
92

Intiation of foundational

therapies requires relative stability in hospitalized pa-

tients. Supplemental Table 1 shows the timing of in-hos-

pital initiation and definitions of hemodynamically sta-

ble conditions in different trials. We propose that pa-

tients should fulfill all the following four conditions to

be qualified for in-hospital initiation of SGLT2 inhibitor

or ARNI: 1) systolic blood pressure � 90 mmHg, 2) intra-
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Figure 4. Conventional sequencing and rapid sequencing strategies for HFsrEF. With the rapid sequencing strategy, all 4 classes of foundational

therapies can be provided in 4 weeks. SBP, systolic blood pressure; W, week; other abbreviations as in Figure 3.





venous diuretic being stopped or unchanged in the re-

cent 6 hours, 3) intravenous vasodilator being discon-

tinued � 6 hours, and 4) intravenous inotrope being

stopped for more than 24 hours.

Consensus statements

� Deferring in-hospital initiation of foundational thera-

pies exposes patients to excess risk of early post-dis-

charge deterioration and death, and the possibility of

never having the medication prescribed.

� In-hospital initiation of foundational therapies was as-

sociated with better primary outcome and/or second-

ary outcome without an increase in adverse events.

� Intiation of foundational therapies requires relative

stability in hospitalized patients.

� Clinical stability for in-hospital initiation of SGLT2 in-

hibitor or ARNI includes all the followings: 1) systolic

blood pressure � 90 mmHg, 2) intravenous diuretic

being stopped or unchanged in the recent 6 hours, 3)

intravenous vasodilator being discontinued � 6 hours,

and 4) intravenous inotrope being stopped for more

than 24 hours.

9. TREATMENT ALGORITHM FOR HFrEF

Efficacy of foundational therapies across the full spec-

trum of LVEF was shown in the Figure 5. Pharmacological

treatment of HFsrEF starts with in-hospital initiation with

2-drug combination followed by the third drug in 2 weeks.

The fourth drug is applied after another 2 weeks and the

four foundational therapies can therefore be put to-

gether in 4 weeks. For patients with HFsrEF, vericiguat,

ivabradine, and digoxin can be added upon the founda-

tional therapies under different conditions, or when foun-

dational therapies are contraindicated (Figure 5).

10. TREATMENT OF HFpEF

All foundational therapies for HFrEF, except ACEI
38

and beta-blocker,
22

have some evidence to support their

efficacy in reducing heart failure endpoint in patients

with HFpEF (Table 3, Figure 5). The efficacy of MRA re-

mained persistent, though with less effect, in the lower

range of LVEF of HFpEF (up to 55%).
20

ARNI decreased

heart failure endpoints in the range of HFpEF until LVEF

around 57%.
24,93

Data for SGLT2 inhibitors are the most

robust with their efficacy in the spectrum of LVEF from

25% to 65%,
25

even to LVEF of 70%.
29

A recent individual

patient-level meta-analysis also demonstrated efficacy

of cardesartan, MRA, and ARNI extending to the lower

part of the LVEF range of HFpEF.
21

In the recent DELIVER trial, starting dapagliflozin

during or shortly after heart failure hospitalization in pa-

tients with HFmrEF or HFpEF appears safe and effec-

tive.
94

Time to first statistical significance for the primary

end point was 13 days after randomization (HR: 0.45;

95% CI: 0.20-0.99; p = 0.046).
95

These data suggested

that foundational therapies should be initiated very

early, best before discharged for patients with HFpEF,

similar to what we have observed for patients with HFrEF.

The benefit of combination therapy for HFpEF was re-

cently reported, based on individual patient-level analy-

sis from MRA, ARNI, and SGLT2 inhibitor.
96

Switching to

ARNI from ACEI/ARB, adding an MRA, and empagliflozin

reduced cardiovascular death and heart failure hospital-

ization in the subgroups with LVEF 45% to 54% (HR:

0.49, 95% CI: 0.32-0.74) and LVEF 55% to 64% (HR: 0.54,

95% CI: 0.37-0.80) but not in those with LVEF � 65% (HR:

1.17, 95% CI: 0.65-2.10).
96

In-hospital initiation of combination therapy for

HFpEF was recently reported in the STRONG-HF trial

that contained 15% patients with HFpEF.
87

The efficacy

in the high-intensity care group was consistent in pati-

ents with LVEF � 50% vs. those < 50%. Therefore, we re-

commend rapid sequencing, instead of conventional se-

quencing strategy, for HFpEF. Figure 6 shows the treat-

ment algorithm for HFpEF.

Consensus statements

� All foundational therapies for HFrEF, except ACEI and

beta-blocker, have evidence in reducing heart failure

endpoint in patients with HFpEF.

� SGLT2 inhibitors have the strongest evidence in pa-

tients with HFpEF, followed by ARNI, whereas MRA

and ARB are only effective in the lower end of LVEF in

patients with HFpEF.

� We recommend rapid sequencing strategy for pa-

tients with HFpEF, starting with SGLT2 inhibitor and

combining it with ARNI or MRA depending on systolic

blood pressure.
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11. TREATMENT OF HFnEF

The only class of drug that is effective in patients

with HFnEF is SGLT2 inhibitors. Empagliflozin’s effect can

extend to LVEF of 65%,
25

whereas dapagliflozin can ex-

tend its efficacy to LVEF of 70% or above.
29

Consensus statements

� The only class of drug that is effective in patients with

HFnEF is SGLT2 inhibitor.

� In contrast to empagliflozin, the efficacy of dapagli-

flozin did not attenuate in the range of high LVEF up

to 70% or above.

12. WORSENING HEART FAILURE

WHF is traditionally defined by progressive signs

and symptoms of heart failure in patients with chronic

heart failure, presented with either an unplanned hospi-

talization or an urgent visit resulting in inravenous di-
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Figure 5. Treatment algorithm for HFrEF. (A) Efficacy of foundational therapy in full spectrum of LVEF. The tapering of the horizontal blue bar sug-

gests decreasing in efficacy in reducing heart failure endpoint. (B) Strategy for in-hospital initiation of foundational therapies for HFsrEF. (C) Role of

additional therapy for HFsrEF. Abbreviations as in Figure 2 and 3.

Figure 6. Treatment algorithm for HFpEF. We recommend in-hospital

initiation with combination therapy. Abbreviations similar to those in

Figure 3 and Figure 4.
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uretic management in the emergency or outpatient set-

ting, despite previously stable therapy
97

(Figure 7). After

each episode of WHF, the cardiac function does not

completely recover to the level before WHF, and the in-

terval between each episode of WHF becomes shorter,

resulting in more frequent heart failure hospitalization

or urgent heart failure visit
97,98

(Figure 7). WHF should

be differentiated from the following three conditions: 1)

Poor adherence to foundational theapy; 2) Acute heart

failure due to other secondary causes; 3) De novo heart

failure.
97

WHF is not uncommon in patients with HFrEF, af-

fecting 1/6 in the real world setting and 1/8 in clinical

trial in a follow-up period of 18 months.
99,100

The prog-

nosis of patients with WHF is poor. In a recent registry,

patients with WHF had an increased risk of both death

(22.5% in 2 years) and heart failure readmission (56% in

30 days).
99

The number of heart failure hospitalization is

also a strong predictor of mortality in patients with heart

failure.
101

Based on a health care database, median sur-

vival after the first, second, third, and fourth hospitaliza-

tion was 2.4, 1.4, 1.0, and 0.6 years.
101

On the other

hand, WHF provides a great opportunity to modify or

escalate diuretics and foundational therapy to reduce

further deterioration of cardiac function. Interesingly,

only a few trials put WHF as a component of the pri-

mary endpoint (Supplemental Table 2).

WHF is increasing in numbers in the recent decade.

Based on the electronic health recorda from a large, in-

tegrated health care system in the US, the annual inci-

dence (events per 100 person-years) of WHF increased

from 25.2 in 2010 to 33.0 in 2019, primarily caused by

increases in outpatient encounters (from 7 to 10) and

ED visits/observation stays (from 4 to 7).
102

Altogether,

50.0% of WHF was due to heart failure hospitalization,

22.5% from emergency department visit, and 27.6%

from outpatient encounter. In a sub-analysis from the

Multicenter Automatic Defibrillator Implantation Trial

With Cardiac Resynchronization Therapy Post Approval

Registry (MADIT-CRT) trial, patients with WHF who re-

ceived intravenous diuretic therapy during urgent out-

patient clinic visits had similar all-cause death to pa-

tients who were hospitalized (15.9 vs. 18.5 per 100 pa-

tient-years).
103

Similar results were observed in the PAR-

ADIGM-HF trial.
104

Moreover, in the sub-analyses of PA-

RADIGM-HF and DAPA-HF trials patients with WHF who

received only outpatient drug intensification not limiting

to intravenous diuretic also experienced a significant in-

crease in all-cause death compared to those without

WHF (PARADIGM-HF: aHR: 5.2, 95% CI: 4.2-6.3; DAPA-

HF: aHR: 3.14, 95% CI: 2.40-4.11).
100,104

Therefore, the

definition of WHF might need to be modifed to include

patients who receive intensification of any foundational

therapy, not limiting to intravenous diuretic, in outpa-

tient clinic. These patients should be closely monitored

and foundational therapy and diuretics should be esca-

lated.

WHF is generally preceded by gradual progressive

“subclinical worsening”, and a subclinical high-risk state

that follows an apparent clinical recovery and discharge
97

(Figure 7). Early detection of the subclinical worsening

might be useful to reduce the future risk of WHF. On the

other hand, this silent worsening can be unrecognized as

patients might limit their daily activity and mask heart

failure symptoms. More recently, severel studies have

suggested that patient-reported health status such as

KCCQ score might have more prognostic value than physi-

cian-assessed health status changes in New York Heart

Association (NYHA) class.
105,106

Regular check of KCCQ

score may be useful to detect the subclinical worsening.

Moreover, biomarker levels could disclose ongoing car-

diac structural and funcitonal deterioration, such as NT-

proBNP levels that elevated weeks to months before clini-

cal worsening.
107

Consensus statements

� WHF is defined by progressive signs and symptoms of
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Figure 7. Clinical course of worsening heart failure. After each epi-

sode of worsening heart failure (WHF), the left ventricular function does

not completely recover to the level before WHF, and the interval be-

tween each episode of WHF becomes shorter, resulting in more frequent

heart failure hospitalization or urgent heart failure visit. LV, left ventricle.



heart failure in patients with chronic heart failure,

presented with either an unplanned hospitalization,

or an urgent visit requiring intravenous diuretic man-

agement in the emergency, or outpatient visit with

modification of therapy, not limiting to diuretic, de-

spite previously stable therapy.

� WHF should be differentiated from the following three

conditions: 1) Poor adherence to foundational theapy;

2) Acute heart failure due to other secondary causes;

3) De novo heart failure.

� After each episode of WHF, the cardiac function does

not completely recover to the level before WHF, and

the interval between each episode of WHF becomes

shorter, resulting in more frequent heart failure hos-

pitalization or urgent heart failure visit.

� WHF is not uncommon in patients with HFrEF, affect-

ing 1/8 to 1/6 patients in 18 months.

� Patients with WHF have a poor prognosis, with a 2-

year mortality rate of more than 20% and a readmis-

sion rate above 50% in 30 days.

� WHF, however, also provides a great opportunity for

health care providers to modify or escalate diuretics

and foundational therapy to reduce further deteriora-

tion of cardiac function.

� WHF is generally preceded by gradual progressive

“subclinical worsening”. Early detection of the sub-

clinical worsening with subsequent initiation or modi-

fication of medications is important.

� Patient-reported health status such as KCCQ score is

more important than physician-assessed health status

in NYHA class for the early detection of WHF.

� Biomarker levels, such as NT-proBNP, elevate weeks

to months before clinical events, and may be useful

for the early detection of WHF.

13. FUTURE PERSPECTIVES

Though foundational therapies significantly im-

prove outcomes in patients with heart failure, the re-

sidual risk of cardiovascular death and heart failure

hospitalization is still high. Several neuromormonal mo-

dulators and novel drugs with new mechanisms are

now being tested in clinical trials. Table 7 shows ongo-

ing phase 2 and 3 drug trials for patients with HFrEF and

HFpEF.
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Supplemental Table 1. Timing of in-hospital initiation and definitions of hemodynamically stable conditions

Hemodynamic stability
Timing

SBP O2 supply IV diuretic IV vasodilator IV inotrope

PIONEER
S1

� 24 hours to 10 days

after hospitalization

� 100 mmHg No mention No increase in

dose � 6 hours

No use � 6

hours

No use � 24

hours

SOLOIST-WHF
S2

Before discharge to

� 3 days after dis-

charge

� 100 mmHg No O2 supply or

mechanical

ventilation � 24

hours

No iv diuretic No iv vasodilator

(except nitrates)

� 24 hours

No use � 24

hours

EMPULSE
S3

� 24 hours to < 5 days

after hospitalization

� 100 mmHg No mention No increase in

dose � 6 hours

No use � 6

hours

No use � 24

hours

STRONG-HF
S4

Hospital admission

within the 72 hours

prior to screening

� 100 mmHg No mention No mention No mention No mention

IV, intravenous; SBP, systolic blood pressure.

Supplemental Table 2. Primary endpoint in recent heart failure trials

Trials Primary endpoint

PARADIGM-HF
S5

Cardiovascular death + hospitalization for heart failure

PARAGON-HF
S6

Cardiovascular death + total hospitalizations for heart failure

DAPA-HF
S7

Cardiovascular death + worsening heart failure

DELIVER
S8

Cardiovascular death + worsening heart failure

EMPEROR-Reduced
S9

Cardiovascular death + hospitalization for heart failure

EMPEROR-Preserved
S10

Cardiovascular death + hospitalization for heart failure

SOLOIST-WHF
S2

Cardiovascular death + total hospitalizations for heart failure + worsening heart failure

VICTORIA
S11

Cardiovascular death + hospitalization for heart failure

GALACTIC-HF
S12

Cardiovascular death + worsening heart failure
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