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H eart failure is a complex clinical syndrome in which there
is dyspnea or exertional limitation due to impairment of
ventricular filling or ejection of blood, or a combination

of both. Once developed, heart failure results in significant morbid-
ity and mortality, with a 1-year mortality rate of 7.2% and a 1-year
hospitalization rate of 31.9% in patients with chronic heart failure,
and in patients hospitalized for acute heart failure, these rates
increase to 17.4% and 43.9%.1 Heart failure has traditionally been
broadly subclassified according to the left ventricular ejection frac-
tion (LVEF) into 3 categories: heart failure with preserved ejection
fraction (LVEF�50%), heart failure with midrange ejection fraction
(LVEF 41%-49%), and heart failure with reduced ejection fraction
(HFrEF, in which the LVEF is �40%).2 The optimal care of patients

with HFrEF continues to be refined with advancements in drug and
device therapies. In this review, we present an evidence-based
update on the contemporary management of HFrEF.

Methods
We conducted a search of MEDLINE, Embase, and the Cochrane
Database of Systemic Reviews for publications with the search
terms heart failure, heart failure with reduced ejection fraction, or
HFrEF. We searched for relevant English-language articles pub-
lished between January 1, 1985, and May 14, 2020, with a focus
on randomized clinical trials, meta-analyses, systematic reviews,

IMPORTANCE Worldwide, the burden of heart failure has increased to an estimated 23 million
people, and approximately 50% of cases are HF with reduced ejection fraction (HFrEF).

OBSERVATIONS Heart failure is a clinical syndrome characterized by dyspnea or exertional
limitation due to impairment of ventricular filling or ejection of blood or both. HFrEF occurs
when the left ventricular ejection fraction (LVEF) is 40% or less and is accompanied by
progressive left ventricular dilatation and adverse cardiac remodeling. Assessment for heart
failure begins with obtaining a medical history and physical examination. Also central to
diagnosis are elevated natriuretic peptides above age- and context-specific thresholds and
identification of left ventricular systolic dysfunction with LVEF of 40% or less as measured by
echocardiography. Treatment strategies include the use of diuretics to relieve symptoms and
application of an expanding armamentarium of disease-modifying drug and device therapies.
Unless there are specific contraindications, patients with HFrEF should be treated with a
β-blocker and one of an angiotensin receptor–neprilysin inhibitor, angiotensin-converting
enzyme inhibitor, or angiotensin receptor blocker as foundational therapy, with addition of a
mineralocorticoid receptor antagonist in patients with persistent symptoms. Ivabradine and
hydralazine/isosorbide dinitrate also have a role in the care of certain patients with HFrEF.
More recently, sodium-glucose cotransporter 2 (SGLT2) inhibitors have further improved
disease outcomes, significantly reducing cardiovascular and all-cause mortality irrespective of
diabetes status, and vericiguat, a soluble guanylate cyclase stimulator, reduces heart failure
hospitalization in high-risk patients with HFrEF. Device therapies may be beneficial in specific
subpopulations, such as cardiac resynchronization therapy in patients with interventricular
dyssynchrony, transcatheter mitral valve repair in patients with severe secondary mitral
regurgitation, and implantable cardiac defibrillators in patients with more severe left
ventricular dysfunction particularly of ischemic etiology.

CONCLUSIONS AND RELEVANCE HFrEF is a major public health concern with substantial
morbidity and mortality. The management of HFrEF has seen significant scientific
breakthrough in recent decades, and the ability to alter the natural history of the disease has
never been better. Recent developments include SGLT2 inhibitors, vericiguat, and
transcatheter mitral valve repair, all of which incrementally improve prognosis beyond
foundational neurohormonal therapies. Disease morbidity and mortality remain high, with a
5-year survival rate of 25% after hospitalization for HFrEF.
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and clinical practice guidelines. Additional publications were
identified through bibliography review. Of the 112 articles refer-
enced in this review, 59 were clinical trials, 4 were meta-analyses,
29 were observational studies, and 20 were guidelines and
other reports.

Epidemiology
Heart failure affects an estimated 6.5 million US adults and
accounts for an estimated 1 million hospitalizations annually, of
which approximately 50% are caused by HFrEF, with the balance
caused by heart failure with midrange or preserved ejection
fraction.3,4 The incidence and prevalence of heart failure are
increasing: data from the National Health and Nutrition Examina-
tion Survey show that between 2009-2012 and 2013-2016,
the prevalence of heart failure among US adults increased
from 5.7 million to 6.2 million, while data from the Atherosclerosis
Risk in Communities study has shown the annual incidence of heart
failure among US adults older than 55 years increased from
870 000 cases in 2005-2011 to 1 million cases in 2014.4,5 In
a study from the UK, while the age-standardized incidence of heart
failure decreased by 7% (from 358 per 100 000 person-years to
332 per 100 000 person-years) between 2002 and 2014,
the absolute number of incident heart failure cases increased by
12% (from 170 727 to 190 798 cases), and prevalent heart failure
increased by 23% (from 750 127 to 920 616 cases).6 This increase
in the absolute number reflects an aging population, improved sur-
vival from myocardial infarction and other cardiovascular diseases,
and the increasing prevalence of predisposing risk factors such as
diabetes and obesity.

Using Framingham Heart Study data, predictors of incident
HFrEF after multivariable adjustment include older age, male sex,
higher heart rate (per 12-beat-per-minute [bpm]–increase; hazard
ratio [HR], 1.32 [95% CI, 1.19-1.48]), hypertension (HR, 1.76 [95% CI,
1.28-2.41]), coronary artery disease (HR, 1.73 [95% CI, 1.27-2.34]),
previous myocardial infarction (HR, 3.49 [95% CI, 2.48-4.9]), dia-
betes (HR, 2.91 [95% CI, 2.21-3.85]), and valvular heart disease (HR,
2.44 [95% CI, 1.48-4.04]).7

Clinical Presentation and Diagnosis
Patients with HFrEF may present with a variety of signs and symp-
toms, although none are entirely sensitive or specific to the diag-
nosis (Box 1, Box 2, Box 3). Typical symptoms include dyspnea,
orthopnea, paroxysmal nocturnal dyspnea, fatigue, and ankle
swelling. Other symptoms of right-sided heart failure that may be
present but are more nonspecific include abdominal bloating,
right upper-quadrant discomfort, and early satiety. Bendopnea,
defined as shortness of breath when leaning forward (such as
when putting on shoes) is also suggestive of heart failure.8 Symp-
tom severity is most commonly graded according to the New York
Heart Association (NYHA) functional class designations (class I, no
limitation in normal physical activity; class II, mild symptoms only
during normal activity; class III, marked symptoms during daily
activity, comfortable only at rest; class IV, severe limitations and
symptoms even at rest).

Patients should be examined for markers of congestion and re-
duced peripheral perfusion (Box 1, Box 2, Box 3). Patients with more
signs of congestion (jugular venous distension, edema, lung rales,
and S3 gallop) are at higher risk of cardiovascular death or heart fail-
ure hospitalization independent of symptoms, natriuretic pep-
tides, and validated risk scores.15 As a result of compensatory up-
regulation in lymphatic drainage, patients with chronic HFrEF may
lack lung rales or peripheral edema, even when pulmonary capil-
lary wedge pressure is elevated.

Diagnostic Workup
If a diagnosis of HFrEF is suspected, initial testing involves the
measurement of natriuretic peptides, electrocardiography, and
chest x-ray. Signs of congestion on chest x-ray are sensitive (81%)
for the diagnosis of acute heart failure, although individual signs
tend to be more specific than sensitive: cardiomegaly is sensitive
for heart failure (64%-79%); whereas a number of signs have
95% specificity or greater (peribronchial cuffing, Kerley B lines,
alveolar edema, bilateral pleural effusions).16,17 Approximately 1 in
5 patients presenting with acute heart failure have no signs of

Box 1. Initial Evaluation for Diagnosing Symptoms and Signs
in Heart Failure With Reduced Ejection Fraction

Typical Symptoms
Dyspnea

Orthopnea

Paroxysmal nocturnal dyspnea

Fatigue

Reduced exercise tolerance

Ankle swelling

Less Typical Symptoms
Cough

Abdominal distension

Wheeze

Abdominal bloating

Early satiety

Bendopnea8

More Specific Signs
Elevated jugular venous pressure

Positive abdominojugular reflux

S3 (gallop rhythm)

Laterally displaced apical impulse

Less Specific Signs
Weight gain

Lung rales

Peripheral edema

Ascites

Cool and/or mottled extremities

Narrow proportional pulse pressure (pulse pressure: systolic blood
pressure ratio �0.25)9

Murmur of valvular regurgitation or stenosis

Weight loss and cachexia (advanced heart failure)
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congestion on chest x-ray.16 Even among ambulatory patients
with advanced heart failure with significantly elevated pulmonary
capillary wedge pressure (mean [SD] 33 [6] mm Hg [normal refer-
ence level, <12 mm Hg]), 27% of patients had no radiographic evi-
dence of pulmonary congestion, and interstitial or alveolar edema
was present in only 32% of patients.18 Transthoracic echocardiog-
raphy is necessary to confirm the diagnosis by identifying the
presence of left ventricular systolic dysfunction with LVEF of
40% or less (Box 1, Box 2, Box 3). The natriuretic peptides, B-type
natriuretic peptide (BNP) and its precursor N-terminal pro-B-type
natriuretic peptide (NT-proBNP), are the most commonly used
biomarkers in HF. Guidelines recommend use of the natriuretic
peptides to diagnose HF, assess its severity, and aid with progno-
sis and risk stratification.2

Given that approximately half of HFrEF cases are of ischemic
etiology,1 patients with a new diagnosis of HFrEF usually require an
evaluation for coronary artery disease, although other patient-
specific factors (eg, advanced age, multiple severe comorbidities,
noncandidates for revascularization, or choosing not to undergo
coronary revascularization procedures) should be considered prior
to referral. Coronary angiography is the criterion standard test for
identification of obstructive epicardial coronary artery disease,
although noninvasive testing with coronary computed tomography
angiography may be considered in patients with low pretest prob-
ability for coronary atherosclerosis. Stress testing is less useful
because of lower sensitivity and specificity. Additional cardiac
imaging (eg, cardiac magnetic resonance imaging, positron emis-
sion tomography, 99mtechnetium pyrophosphate scan) may be
indicated, depending on the clinical presentation, as identification

of certain underlying but less common causes of HFrEF may
require initiation of disease-specific therapies such as sarcoidosis,
myocarditis, or amyloidosis (Box 1, Box 2, Box 3).

Once a diagnosis of HFrEF is made, counseling and education
for patients and their caregivers is of critical importance (Table 1).

Drug Treatment
The cornerstone of guideline-directed medical therapy for HFrEF
involves inhibition of the renin-angiotensin-aldosterone and sym-
pathetic nervous systems and augmentation of favorable pathways
with inhibition of neprilysin, a neutral endopeptidase that degrades
several peptides involved in regulating cardiovascular and renal
homeostasis and metabolism. Ivabradine, an inhibitor of pace-
maker activity within the sinoatrial node that lowers the heart rate
and the vasodilator hydralazine/isosorbide dinitrate may also have
specific roles in the management of HFrEF.2 More recently, further
reductions in cardiovascular events and mortality in patients with

Box 2. Studies to Perform During the Initial Evaluation
for Diagnosing Heart Failure With Reduced Ejection Fraction

Laboratory Studies
BNP/NT-proBNP

Complete blood count

Basic metabolic panel

Liver function tests

Iron studies

Thyroid function tests

Hemoglobin A1c

Lipid panel

Diagnostic Imaging
Chest x-ray

Transthoracic echocardiography

Coronary angiography (or coronary computed tomography
angiography if low pretest probability

Consider cardiac magnetic resonance imaging, positron emission
tomography scan, or 99mtechnetium pyrophosphate scan

Other
Electrocardiogram

Consider right heart catheterization

Consider endomyocardial biopsy

Abbreviations: BNP, B-type natriuretic peptide; NT-proBNP, N-terminal
pro-B-type natriuretic peptide.

Box 3. Uses of Natriuretic Peptides as Part of the Initial
Evaluation for Diagnosing HFrEF

Support or Exclude a Diagnosis of Heart Failure
To rule in acute heart failure10

NT-proBNP >450 pg/mL (<50 y); >900 pg/mL (50-75 y);
>1800 pg/mL (>75 y)

BNP >100 pg/mL (values >400 pg/mL have higher specificity)

To rule out acute heart failure
NT-proBNP <300 pg/mL10

BNP <50 pg/mL11

To rule out chronic heart failure
BNP <35 pg/mL or NT-proBNP <125 pg/mL12

Help Inform Prognostic Trajectory
For acute decompensated heart failure

Natriuretic peptides measured prior to discharge can
risk-stratify patients after hospitalization for acute heart failure,
where a <30% reduction in NT-proBNP concentration relative to
admission value is associated with increased risk of death or
hospital readmission for heart failure2,13

For chronic HFrEF
A decrease in NT-proBNP to �1000 pg/mL during treatment of
chronic HFrEF is associated with a significantly lower risk of
subsequent heart failure hospitalization or cardiovascular
death (hazard ratio, 0.26 [95% CI, 0.15-0.46]; P < .001)
or all-cause death (hazard ratio, 0.34 [95% CI, 0.15-0.77];
P = .009) compared with patients with NT-proBNP persistently
�1000 pg/mL14

Factors That Increase Natriuretic Peptides
Advancing age

Atrial fibrillation or other arrhythmia

Kidney failure

Factors That Decrease Natriuretic Peptides
Obesity

Pericardial constriction

Abbreviations: BNP, B-type natriuretic peptide; HFrEF, heart failure with reduced
ejection fraction; NT-proBNP, N-terminal pro–B-type natriuretic peptide.
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HFrEF were found in randomized clinical trials of dapagliflozin,23

a sodium-glucose cotransporter 2 (SGLT2) inhibitor, and vericiguat,
an oral soluble guanylate cyclase stimulator,24 and it is anticipated
that these therapies will likely be recommended when heart failure
guidelines are next updated in 2021.

Despite their proven efficacy in reducing morbidity and mor-
tality in HFrEF, large gaps exist in the application of guideline-
directed medical therapy in clinical practice. Registry data show
that more than one-quarter of eligible patients are not prescribed
an angiotensin-converting enzyme (ACE) inhibitor, angiotensin II
receptor blocker (ARB), or an angiotensin receptor–neprilysin
inhibitor (ARNI); more than one-third are not prescribed a
β-blocker; and more than one-half are not prescribed a mineralo-
corticoid receptor antagonist (MRA).25 Even when prescribed,
doses are often below recommended targets. Despite evidence
that doses below target levels are associated with poorer patient
outcomes,26-29 only 1% of eligible patients are simultaneously pre-
scribed target doses of all 3 classes of drugs.25

ACE Inhibitors and ARBs
Deleterious upregulation of the renin-angiotensin-aldosterone
system is involved in the pathophysiology and progression of HF,
resulting in fluid retention, peripheral arterial vasoconstriction,
cardiomyocyte hypertrophy, interstitial fibrosis, and adverse car-
diac remodeling.30 Numerous studies have shown that renin-
angiotensin-aldosterone system antagonism with either ACE
inhibitors or ARBs reduces morbidity and mortality in HFrEF, with
reductions in all-cause mortality in the range of 20% to 30%
(Table 2).39,45-48 Caution is advised in patients with low blood
pressure (systolic blood pressure <80 mm Hg), chronic kidney
disease (creatinine >3.0 mg/dL), or hyperkalemia (potassium
>5.5 mEq/L), and these therapies should be avoided in pa-
tients who are pregnant, plan to become pregnant, or have
bilateral renal artery stenosis. As many as 20% of patients treated
with ACE inhibitors develop a dry cough due to pulmonary
accumulation of bradykinin, which is not dose dependent and is a
class effect across all ACE inhibitors. Both ACE inhibitors and
ARBs have a less than 1% risk of angioedema and are contraindi-
cated in patients with this complication during previous exposure
to the drug.

ARNIs
The PARADIGM-HF (Prospective Comparison of ARNI with
ACEi to Determine Impact on Global Mortality and Morbidity in
Heart Failure) trial found that the ARNI sacubitril/valsartan,
when compared with enalapril, reduced cardiovascular mortality
(13.3% vs 16.5%; HR, 0.80 [95% CI, 0.71-0.89]) and reduced hos-
pitalization for heart failure (12.8% vs 15.6%; HR, 0.79 [95% CI,
0.71-0.89]) in patients with chronic HFrEF (Table 2).40 These
findings were then extended to patients with acute heart failure
in the PIONEER-HF (Comparison of Sacubitril-Valsartan vs Enal-
april on Effect on NT-proBNP in Patients Stabilized from an Acute
Heart Failure Episode) trial, which included hemodynamically
stable patients who were admitted to the hospital with a primary
diagnosis of acute decompensated HFrEF. Over a follow-up
period of 8 weeks, sacubitril/valsartan, when compared with
enalapril, resulted in a greater reduction in NT-proBNP (−46.7%
vs −25.3%; ratio of change, 0.71 [95% CI, 0.63-0.81]) and in heart

failure hospitalization (8.0% vs 13.8%; HR, 0.56 [95% CI,
0.37-0.84]).49 The TRANSITION (Comparison of Pre- and Post-
discharge Initiation of LCZ696 Therapy in HFrEF Patients After an
Acute Decompensation Event) study evaluated the safety and
efficacy of in-hospital initiation of sacubitril/valsartan in patients
with acute heart failure compared with postdischarge initiation of
the drug and found it to be feasible and well-tolerated, with simi-
lar proportions of patients at the goal dose of 97/103 mg twice
daily after 10 weeks (45.4% vs 50.7%; relative risk, 0.90 [95% CI,
0.79-1.02]) and requiring permanent ARNI discontinuation due to
adverse events (7.3% vs 4.9%; relative risk, 1.49 [95% CI, 0.90-
2.46]); new-onset heart failure was a predictor of up-titration suc-
cess after multivariable analysis.50 Therefore, while current
American College of Cardiology/American Heart Association
guidelines do not yet endorse sacubitril/valsartan for acute HF,
new-onset HF, or both, the evidence from PIONEER-HF and
TRANSITION indicate earlier implementation of ARNI is feasible
and may be preferable.

The benefits of sacubitril/valsartan in chronic HFrEF may also
extend to patients beyond those studied in the PARADIGM-HF

Table 1. What to Discuss at the Time of Heart Failure With Reduced
Ejection Fraction Diagnosis

Educational area Suggestions for follow-up care
Heart failure and
course of the
disease

Inform patients that following a new diagnosis of heart
failure, there is a substantial opportunity for
improvement in symptoms, quality of life, and health
outcomes with the appropriate initiation, titration, and
adherence to guideline-directed medical therapy at
target or maximally tolerated doses
Guideline-directed medical therapy should be continued
even if reverse remodeling occurs, and the left
ventricular ejection fraction increases to >50% given
that medication withdrawal is associated with relapse of
depressed left ventricular ejection fraction and left
ventricular dilatation19

Exercise Regular aerobic exercise sufficient to provoke mild or
moderate breathlessness to improve functional capacity,
symptoms, and reduce heart failure rehospitalization
risk12

Sodium and water
intake

Moderate sodium restriction is reasonable for
symptomatic patients to reduce congestive symptoms,
as is fluid restriction (1.5-2 L per day) in patients with
advanced heart failure, particularly those with
hyponatremia20

However, these recommendations are not
well-supported by current evidence, particularly for
sodium restriction

Medication use Patient education regarding classes of medications
Medication adherence should be stressed and asked
directly (eg, “how many times a week do you miss taking
your medicines”), given that estimates of patients not
taking their medication are as high as 50% and are
associated with worse outcomes21,22

Access to medication and cost should be discussed,
allowing clinicians to recognize which patients require
financial assistance such as access to copay assistance
and prescription of 90-day refills, which may
reduce cost
Avoid use of nonsteroidal anti-inflammatory drugs

Self-management
strategies

Provide patients with individualized information, such
as increasing their diuretic dose and/or alerting their
clinician in the event of weight gain of >2 kg in 3 days
or increasing dyspnea or edema

Vaccinations Recommend uptake of influenza and pneumococcal
vaccines as per local guidance and immunization
practices

Smoking and
alcohol use

Recommend smoking cessation and avoidance of
excessive alcohol consumption
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Table 2. Clinical Trials of Medical Therapies for Heart Failure With Reduced Ejection Fraction

Clinical trial
No. of
patients

Follow-up,
mo End point

Event rate, %

HR (95% CI) P valueStudy drug Control
β-Blockers

Bisoprolol CIBIS II31 2647 15.6 All-cause mortality 11.8 17.3 0.66 (0.54-0.81) <.001

Sudden cardiac death 3.6 6.3 0.56 (0.39-0.80) .001

Metoprolol succinate MERIT-HF32 3991 12 All-cause mortality 7.2 11.0 0.66 (0.53-0.81) <.001

Deaths from HF 30 58 0.51 (0.33-0.79) .002

Carvedilol US Carvedilol33 1094 6.5 All-cause mortality 3.2 7.8 0.35 (0.20-0.61) <.001

CV hospitalization 14.1 19.6 0.73 (0.55-0.97) .04

ACE inhibitors

Captopril SAVE34 2231 42 All-cause mortality 20.4 24.6 0.81 (0.68-0.97) .02

CV mortality 16.8 20.9 0.79 (0.65-0.95) .01

Ramipril AIRE35 2006 15 All-cause mortality 16.7 22.4 0.73 (0.60-0.89) .002

Enalapril SOLVD36 2569 41.4 All-cause mortality 35.2 39.7 0.84 (0.74-0.95) .003

Deaths from HF 16.3 19.5 0.78 (0.65-0.94)

Angiotensin receptor blockers

Candesartan CHARM-Added37 2548 41 All-cause mortality 29.6 32.4 0.89 (0.77-1.02) .09

CV death,
HF hospitalization

38 42 0.85 (0.75-0.96) .01

Losartan OPTIMAAL38 5477 32.4 All-cause mortality 18 16
(captopril)

1.13 (0.99-1.28) .07

Valsartan Val-HeFT39 5010 23 All-cause mortality 19.7 19.4 1.02 (0.88-1.18) .80

All-cause mortality,
HF hospitalization,
cardiac arrest

28.8 32.1 0.87 (0.77-0.97) .009

Angiotensin receptor–neprilysin inhibitors

Sacubitril/valsartan PARADIGM-HF40 8442 27 All-cause mortality 17.0 19.8 0.84 (0.76-0.93) <.001

CV death,
HF hospitalization

21.8 26.5 0.80 (0.73-0.87) <.001

HF hospitalization 12.8 15.6 0.81 (0.71-0.89) <.001

PIONEER-HF41 881 2 HF hospitalization 8.0 13.8 0.56 (0.37-0.84)

Mineralocorticoid receptor antagonists

Eplerenone EPHESUS42 6642 16 All-cause mortality 14.4 16.7 0.85 (0.75-0.96) .008

CV death,
CV hospitalization

26.6 30.0 0.87 (0.79-0.95) .002

EMPHASIS-HF41 2737 21 All-cause mortality 12.5 15.5 0.76 (0.61-0.94) .01

CV death,
HF hospitalization

18.3 25.9 0.63 (0.54-0.74) <.001

Spironolactone RALES42 1663 24 All-cause mortality 35 46 0.70 (0.60-0.82) <.001

HF hospitalization 26.1 35.7 0.65 (0.54-0.77) <.001

Vasodilators

Hydralazine/
isosorbide
dinitrate

A-HeFT43 1050 10 All-cause mortality 6.2 10.2 .02

HF hospitalization 16.4 24.4 .001

Ivabradine SHIFT44 6558 22.9 All-cause mortality 16 17 .092

Death from HF 3 5 0.74 (0.58-0.94) .01

HF hospitalization 16 21 0.74 (0.66-0.83) <.001

Sodium-glucose
cotransporter 2 inhibitor

Dapagliflozin DAPA-HF23 4744 18.2 CV death, worsening
HF event

16.3 21.2 0.74 (0.65-0.85) <.001

Worsening HF event 10.0 13.7 0.70 (0.59-0.83)

All-cause mortality 11.6 13.9 0.83 (0.71-0.97)

Oral soluble guanylate cyclase stimulator

Vericiguat VICTORIA24 5050 10.8 CV death,
HF hospitalization

35.5 38.5 0.90 (0.82-0.98) .02

CV death 16.4 17.5 0.93 (0.81-1.06)

HF hospitalization 27.4 29.6 0.90 (0.81-1.0)

Abbreviations: ACE, angiotensin-converting enzyme; CV, cardiovascular; HF, heart failure.
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trial. The PROVE-HF (Prospective Study of Biomarkers, Symptom
Improvement and Ventricular Remodeling During Entresto
Therapy for Heart Failure) study found that the magnitude of
improvement in measures of cardiac structure and function was
consistent across subgroups that were not represented in the
PARADIGM-HF trial (namely those with NT-proBNP concentration
lower than entry criteria for PARADIGM-HF, those not achieving
target sacubitril/valsartan dose, and those with new-onset heart
failure or ACE inhibitor and ARB naive), as with that of the group
as a whole, suggesting that these subgroups may also derive simi-
lar morbidity and mortality benefit from sacubitril/valsartan.51

Sacubitril/valsartan may also benefit some patients with heart
failure and LVEF above 40%. In a subgroup analysis of the
PARAGON-HF (Prospective Comparison of ARNI with ARB Global
Outcomes in Heart Failure with Preserved Ejection Fraction) trial,
in which LVEF of 45% or above was an entry criterion, sacubitril/
valsartan reduced the primary outcome of cardiovascular death
and total hospitalizations for heart failure in patients with LVEF
below the median (�57%; HR, 0.78 [95% CI, 0.64-0.95]) but not
with LVEF above 57%.52 A pooled individual patient-level analysis
of 13 195 patients enrolled in PARADIGM-HF and PARAGON-HF
found that the benefit of sacubitril/valsartan varied across the
spectrum of LVEF but likely also extended to patients with LVEF
lower than normal, including those with heart failure with mid-
range EF, and extended to a higher level of LVEF in women com-
pared with men.53

From a safety standpoint, patients are at increased risk of symp-
tomatic hypotension and angioedema. In PARADIGM-HF, 2.7% of
patients had symptomatic hypotension with systolic blood pres-
sure below 90 mm Hg, and 0.4% of patients developed angio-
edema. Therefore, patients with low blood pressure are less likely
to tolerate ARNIs. Contraindications to ARBs (see ACE Inhibitors and
ARBs section) also apply to sacubitril/valsartan.

β-Blockers
An evidence-based β-blocker (metoprolol succinate, carvedilol, or
bisoprolol) should be prescribed in all patients with HFrEF unless
contraindicated or not tolerated (eg, patients with symptomatic
bradycardia despite lowest dose, patients with advanced heart
failure and low cardiac output confirmed by right heart catheter-
ization or on home inotropes, or patients with high-grade atrio-
ventricular block), as these agents reduce all-cause and cardiovas-
cular mortality, sudden cardiac death, and heart failure
hospitalizations in patients with HFrEF (Table 2).31-33,54 In a large
meta-analysis of 10 randomized clinical trials including 18 254
patients, β-blockers reduced all-cause mortality in patients with
HFrEF who were in normal sinus rhythm (HR, 0.73 [95% CI, 0.67-
0.80]) but not in patients with HFrEF and atrial fibrillation (HR,
0.97 [95% CI, 0.83-1.14]),55 although guidelines recommend use
of β-blockers irrespective of heart rhyhm.12 Furthermore, other
randomized clinical trials have found that β-blockers reduce all-
cause mortality by 30% and cardiovascular mortality by 34%
among patients with atrial fibrillation and HFrEF.56 Following ini-
tiation, patients should be observed for fluid retention and wors-
ening HF, bradycardia or heart block, and hypotension. A history
of reactive airways disease is not a contraindication to attempting
β-blocker therapy. Cardioselective β-blockers (eg, metoprolol suc-
cinate, bisoprolol) are preferred in this setting, and while

population-based studies have shown no association between
cardioselective β-blocker use and moderate to severe asthma
exacerbations, some patients may not tolerate β-blockers due to
worsening bronchospasm.57 In contrast, the use of noncardiose-
lective β-blockers has been associated with an increase in moder-
ate to severe asthma exacerbations and should be avoided in
patients with significant asthma at baseline.57

MRAs
The MRAs spironolactone and eplerenone contribute to renin-
angiotensin-aldosterone system blockade and reduced mortality
by 15% to 30% and reduced heart failure hospitalizations by 15%
to 40% in 3 randomized clinical trials enrolling patients with
chronic HFrEF, including patients who have had a myocardial
infarction (Table 2).42,58,59 An MRA should be added to therapy
along with an ACE inhibitor/ARB/ARNI and β-blocker in patients
with LVEF of 35% or less and NYHA class II to IV symptoms
(which tends to be most patients), except in patients with a base-
line serum creatinine level above 2.5 mg/dL (or estimated glomer-
ular filtration rate <30mL/min/1.73m2) or serum potassium level
above 5.0 mEq/L.

Ivabradine
Ivabradine inhibits pacemaker activity in the sinoatrial node by
selectively blocking the funny channel (If) current, resulting in a
slower heart rate in sinus rhythm without affecting blood pres-
sure, myocardial contractility, or intracardiac conduction.60 In
SHIFT (Systolic Heart Failure Treatment with the If Inhibitor
Ivabradine Trial), ivabradine reduced heart failure hospitalization
(HR, 0.74 [95% CI, 0.66-0.83]; P < .001) and heart failure mortal-
ity (HR, 0.74 [95% CI, 0.58-0.94]; P = .01) but not cardiovascular
or all-cause mortality compared with placebo.44 Patients treated
with ivabradine had an average reduction in heart rate of 8 bpm,
whereas in a meta-analysis of β-blockers in patients with HFrEF,
heart rate was reduced by 12 bpm.61 Given the mortality benefits
of β-blocker use in patients with HFrEF that were not found with
ivabradine, patients should be on maximally tolerated doses of
β-blockers with a heart rate of at least 70 bpm prior to consider-
ing use of ivabradine, and they must be in sinus rhythm to
respond to the drug, which solely affects the sinoatrial node.
Ivabradine may cause transient blurring of vision and is contrain-
dicated if there is bradycardia, advanced heart block, or severe
liver dysfunction.44

Hydralazine/Isosorbide Dinitrate
The combination of hydralazine and isosorbide dinitrate results in
vasodilation through enhancement of nitric oxide signaling and im-
proves prognosis in Black patients with HFrEF. A-HeFT (the African-
American Heart Failure Trial) found that hydralazine/isosorbide dini-
trate reduced all-cause mortality by 6.2% vs 10.2% in control
participants (HR, 0.57) and it reduced heart failure hospitalization
by 16.4% vs 24.4% in control participants (HR, 0.67) among 1050
Black patients with HFrEF with NYHA class III-IV symptoms
(Table 2).43 Hydralazine/isosorbide dinitrate should be considered
for use in Black patients with persistent symptomatic HFrEF with
LVEF at or below 35%, despite therapy with ACE inhibitors/ARB/
ARNI, β-blockers, and MRAs in whom systemic blood pressure may
tolerate initiation of these drug therapies.
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Diuretics
Most patients with chronic HFrEF require a diuretic to control fluid
retention. Loop diuretics (furosemide, bumetanide, torsemide)
are the preferred diuretic agents although thiazide-like agents
(most commonly metolazone or intravenous chlorothiazide in
hospitalized patients) might be added in patients with diuretic
resistance. The main adverse effects of diuretics are volume or
electrolyte depletion; excessive diuresis can predispose to hypo-
tension and acute kidney injury. Some patients may benefit from a
diuretic dosing regimen in which they record their body weight
daily, and dosing is adjusted if weight increases or decreases
beyond a specific range.

Initiation and Titration of Guideline-Directed
Medical Therapy
The appropriate initial and target doses of guideline-directed
medical therapies are presented in Table 3, and strategies for
titration are shown in the Figure and Table 4. The goal is to
achieve target or maximally tolerated doses, preferably after 3 to
6 months of treatment. However, this may not be logistically fea-

sible for some patients, particularly those who are elderly and
those with frailty, kidney dysfunction, or baseline low blood pres-
sure. In such cases, the key is to ensure close follow-up and
meticulous attention to gradual titration over more prolonged
periods of time. The use of lower doses of guideline-directed
medical therapies has been associated with poorer patient out-
comes, and it is unclear what below-target doses are acceptable;
even in patients whose treatment is challenging, titration to high-
est possible doses is crucial.26-29

All patients with HFrEF should be treated with ACE
inhibitors/ARB/ARNI and an evidence-based β-blocker as founda-
tional therapy, unless contraindications or intolerances exist
(Box 4). For those already taking an ACE inhibitor or an ARB, tran-
sition to an ARNI is recommended given superior efficacy,40,41

although a washout period of 36 hours is necessary when transi-
tioning from ACE inhibitor to ARNI to avoid angioedema. Suffi-
cient data now exist showing that patients naive to ACE inhibitors
or ARBs may be initiated directly on sacubitril/valsartan given that
this strategy appears safe, is associated with substantial reverse
cardiac remodeling,30 and reduces the risk for early rehospitaliza-
tion in patients with recent acute HF.41 Adjustment of ACE
inhibitor/ARB/ARNIs may be performed every 1 to 2 weeks in
stable patients or more gradually in those with lower blood pres-
sure. When initiating sacubitril/valsartan, it may be advisable to
reduce doses of loop diuretics in noncongested patients to
reduce the risk for hypotension.

Adjustment of β-blocker should be performed once every 1-2
weeks, given that titration may transiently increase congestion and
reduce cardiac output. Titration may be performed more rapidly in
non-congested patients with normal blood pressure than in those
with frailty or borderline hypotension.

Following establishment of ACE inhibitors/ARB/ARNI
and β-blocker therapy, an MRA should be added in patients with
persistent NYHA class II to IV symptoms, in the absence of clear
contraindications (baseline serum creatinine >2.5 mg/dL, esti-
mated glomerular filtration rate <30 mL/min/1.73 m2, or serum
potassium >5.0 mEq/L). Hypotension is unusual following
initiation and titration of MRA, even when baseline blood pres-
sure is low, and the benefits of MRA are consistent irrespective of
baseline blood pressure.65 Kidney function and potassium moni-
toring are mandatory 1 week after initiation or increase in dose,
monthly for the first 3 months, then quarterly for a year, and then
every 6 months.

Other therapies can be considered in specific patient groups:
ivabradine is indicated for patients in sinus rhythm with a heart
rate of 70/min or greater, despite maximally tolerated β-blocker.
Isosorbide dinitrate and hydralazine may either be initiated as
individual medications or in fixed-dose combination for Black
patients with persistent NYHA class III to IV symptoms, despite
target or maximally tolerated doses of other guideline-directed
medical therapy.

Barriers to Titration
Despite well-articulated goals for guideline-directed medical
therapy, patients with HFrEF in usual care settings are often
undertreated. Multiple contributing factors may undermine this
ability to achieve optimal medical care, and occur at a physician-,
patient- and system-level.66

Table 3. Starting and Target Doses of Guideline-Directed Medical
Therapy for Heart Failure With Reduced Ejection Fraction

Starting dosea Target dosea

β-Blockers

Bisoprolol 1.25 mg 10 mg

Metoprolol succinate 12.5-25 mg 200 mg

Carvedilol 3.125 mg 2
times/d

25 mg 2 times/d (weight
<85 kg) or 50 mg 2 times/d
(weight >85 kg

Angiotensin-converting
enzyme inhibitors

Captopril 6.25 mg 3
times/d

50 mg 3 times/d

Ramipril 1.25 mg 10 mg

Enalapril 2.5 mg 2 times/d 10-20 mg

Lisinopril 2.5-5 mg 20-40 mg

Angiotensin receptor
blocker

Candesartan 4-8 mg 32 mg

Losartan 25-50 mg 150 mg

Valsartan 40 mg 2 times/d 160 mg 2 times/d

Angiotensin
receptor–neprilysin
inhibitor

Sacubitril/valsartan 24/26 mg-49/
51 mg 2 times/d

97/103 mg 2 times/d

Mineralocorticoid
receptor antagonists

Eplerenone 25 mg 2 times/d 50 mg 2 times/d

Spironolactone 12.5-25 mg 25-50 mg

Vasodilators

Hydralazine 25 mg 3 times/d 75 mg 3 times/d

Isosorbide dinitrate 20 mg 3 times/d 40 mg 3 times/d

Fixed-dose
hydralazine/isosorbide
dinitrate

20/37.5 mg
(1 tablet) 3
times/d

Two tablets 3 times/d

Ivabradine 2.5-5 mg 2
times/d

Titrate to heart rate
50-60/min
Max dose 7.5 mg 2 times/d

a All doses indicate daily administration.
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Patients’ cases seen in clinical practice are often more challeng-
ing to initiate and titrate guideline-directed medical therapy than
those in clinical trials, with different age and comorbidity profiles
that may delay or prevent titration. Prohibitive cost and challenges
with insurance coverage for newer medications are surmountable
obstacles. Therapeutic inertia on behalf of the patient or clinician,
where there may be a reluctance to titrate or add therapies in
patients who appear to be doing well on current treatment is also

an issue. Clinicians must recognize that even when perceived
stable, patients with HFrEF have a high risk for complications from
their diagnosis and benefit from achieving guideline-directed medi-
cal therapy. The fallacy of the “stable patient with HFrEF” should be
avoided in order to achieve optimal titration.

Lack of health care access may be an impediment to titration.
In regions of limited resources or for patients who have trouble
traveling to outpatient appointments, titration and follow-up

Figure. Suggested Management of HFrEF: Intensification and Stabilization Periods

Intensification period of approximately 3-6 mo

Serial evaluations and titrations of medications
Clinic visits or remote check-ins via phone calls or telehealth at 2-wk intervals with reassessment of symptoms, vital signs, physical examination, 
and laboratory test results
Reeducation about heart failure and disease course at each visit
Consider patient comorbidities

Refer for subspecialty evaluation
For patients with diabetes, consider initiating sodium-glucose co-transporter 2 (SGLT2) inhibitor

Stabilization period after 3-6 mo

Assess response to therapy and cardiac remodeling
Reassess patient trajectory at each visit
Repeat testing

B-type natriuretic peptide and N-terminal pro-B-type natriuretic peptide
Basic metabolic panel
Echocardiography
Electrocardiogram

Consider eligibility for device therapy
Cardiac resynchronization therapy (CRT) or implantable cardiac defibrillator after 3 mo on target or maximally tolerated GDMT
MitraClip if severe mitral regurgitation on target or maximally tolerated GDMT

Cardiac rehabiliation referral if not referred at initial evaluation

Improving symptoms (NYHA I) Not improving or persistent symptoms (NYHA II-III)

Intensification of therapy
Titrate, add, or switch GDMT 

If on ACEi/ARB

If eGFR >30 ml/min/1.72m2 and K+ <5.0 mEq/L

If heart rate ≥70 in normal sinus rhythm 
and on maximally tolerated β-blocker dose

Black patients on target or maximally tolerated 
ARNI/β-blocker/MRA doses and continued 
symptoms or uncontrolled hypertension

Switch to ARNI

Add MRA

Add ivabradine

Add hydralazine
or isosorbide
dinitrate

Consider patient comorbidities

Assess patient trajectory at each visit

Diabetes mellitus
Consider initiating a SGLT2 inhibitor regardless 
of diabetes status

Atrial fibrillation (AF)
Add direct oral anticoagulant or warfarin
Use β-blocker for heart rate control; digoxin may also be 
considered; avoid calcium channel blockers
If medical therapy is unsuccessful in acheiving adequate
rate control, consider atrioventricular node ablation 
with concomitant CRT
Consider referral for catheter ablation for AF; 
guideline and consensus-based recommendations 
for who and when to utilize catheter-based approaches 
to treat AF are lacking 

Chronic kidney disease
Careful evaluation of volume status is necessary
when worsening kidney function occurs; optimal
management may involve intensification 
of diuretics rather the opposite

Iron deficiency
Consider intravenous iron in patients who 
are iron deficient (ferritin <100 μ/L or 
ferritin 100-299 μ/L with iron saturation <20%)
to improve reduced exercise tolerance and
impaired functional capacity with parallel
improvements in quality-of-life assessments81,82

Oral iron may not be sufficient, possibly due 
to impaired enteric absorption83

Sleep-disordered breathing
Consider sleep study and treatment of severe
obstructive sleep apnea to improve sleep quality

Worsening symptoms (NYHA IIIB-IV)

Refer to advanced heart failure specialist
“I NEED HELP” mnemonic 80

Intravenous inotropes

NYHA IIIB/IV symptoms or persistently elevated NPs
End-organ dysfunction
Ejection fraction ≤35%
Defibrillator shocks

Hospitalization for heart failure ≥2 times in 12 mo
Edema despite escalating diuretics
Low blood pressure or high heart rate
Progressive intolerance or step-down of GDMT

I

N
E
E
D

H
E
L
P

Intensification of therapy
Continue to titrate current 
guideline-directed medical therapy 
(GDMT) to target or maximally 
tolerated doses regardless 
of absence of symptoms

If volume status
requires treatment

Adjust diuretics 
and follow up 
in 1-2 wk

Abbreviations: ACE inhibitor, angiotensin-converting enzyme inhibitor;
ARB, angiotensin receptor blocker; ARNI, angiotensin receptor–neprilysin
inhibitor; BNP, B-type natriuretic peptide; CRT, cardiac resynchronization
therapy; ECG, electrocardiogram; eGFR, estimated glomerular filtration rate;

GDMT, guideline-directed medical therapy; HR, heart rate; ICD, implantable
cardiac defibrillator; IV, intravenous; K+, potassium; MRA, mineralocorticoid
receptor antagonist; MR, mitral regurgitations; NT-proBNP, N-terminal pro-
B-type natriuretic peptide; NYHA, New York Heart Association.21,62-64

Heart Failure With Reduced Ejection Fraction: A Review Review Clinical Review & Education

jama.com (Reprinted) JAMA August 4, 2020 Volume 324, Number 5 495

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by Piergiorgio Gigliotti on 08/05/2020

http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.10262


Ta
bl

e
4.

Su
gg

es
te

d
Ap

pr
oa

ch
fo

rA
dd

in
g

or
Sw

itc
hi

ng
Gu

id
el

in
e-

D
ire

ct
ed

M
ed

ic
al

Th
er

ap
ie

s

AC
E

in
hi

bi
to

r/
AR

B
AR

N
I

β-
bl

oc
ke

r
M

RA
H

yd
ra

la
zi

ne
/i

so
so

rb
id

e
di

ni
tr

at
e

Iv
ab

ra
di

ne
SG

LT
2

in
hi

bi
to

rs
Pa

tie
nt

se
le

ct
io

n
Al

lp
at

ie
nt

s
If

to
le

ra
te

d,
pl

an
to

sw
itc

h
to

AR
N

I

Al
lp

at
ie

nt
s

Ca
n

be
st

ar
te

d
in

AC
E

in
hi

bi
to

r
an

d
AR

B-
na

iv
e

pa
tie

nt
s

Al
lp

at
ie

nt
s

Pa
tie

nt
sw

ith
pe

rs
is

te
nt

sy
m

pt
om

so
n

ta
rg

et
or

m
ax

im
al

ly
to

le
ra

te
d

do
se

so
fA

CE
in

hi
bi

to
rs

/
AR

Bs
/A

RN
Ip

lu
s

β-
bl

oc
ke

r

Bl
ac

k
pa

tie
nt

sw
ith

pe
rs

is
te

nt
sy

m
pt

om
s

on
ta

rg
et

or
m

ax
im

al
ly

to
le

ra
te

d
do

se
so

fA
CE

in
hi

bi
to

rs
/A

RB
s/

AR
N

I
pl

us
β-

bl
oc

ke
r

Pa
tie

nt
sw

ith
he

ar
tr

at
e

2:
70

an
d

in
si

nu
sr

hy
th

m
Re

-a
ss

es
st

ha
tβ

-b
lo

ck
er

is
pr

es
cr

ib
ed

at
ta

rg
et

or
m

ax
im

al
ly

to
le

ra
te

d
do

se

Pa
tie

nt
sw

ith
ty

pe
2

di
ab

et
es

an
d

H
bA

1
c

≥7
%

St
ar

tin
g

do
se

Se
e

Ta
bl

e
3

If
ta

ki
ng

AC
E

in
hi

bi
to

rs
,e

ns
ur

e
36

-h
w

as
ho

ut
pe

rio
d

pr
io

rt
o

st
ar

tin
g

AR
N

I
If

ta
ki

ng
eq

ui
va

le
nt

of
≤1

0
m

g
tw

ic
e

da
ily

en
al

ap
ril

or
≤1

60
m

g
da

ily
va

ls
ar

ta
n,

st
ar

t4
9/

51
m

g
2

tim
es

/d

Se
e

Ta
bl

e
3

Se
e

Ta
bl

e
3

Se
e

Ta
bl

e
3

Ag
e

≥7
5

ye
ar

s,
st

ar
t2

.5
m

g
tw

ic
e

da
ily

Ag
e

<7
5

ye
ar

s,
5

m
g

2
tim

es
/d

Da
pa

gl
ifl

oz
in

10
m

g
da

ily
Em

pa
gl

ifl
az

in
10

m
g

da
ily

Ca
na

gl
ifl

oz
in

10
0

m
g

da
ily

Er
tu

gl
ifl

oz
in

5
m

g
da

ily
eG

FR
m

us
tb

e
≥4

5-
60

m
L/

m
in

/1
.7

3m
2

Co
ns

id
er

di
ur

et
ic

do
se

re
du

ct
io

n
Ti

tr
at

io
n

sc
he

du
le

In
cr

ea
se

do
se

ev
er

y
2

w
ee

ks
un

til
ta

rg
et

or
m

ax
im

al
ly

-
to

le
ra

te
d

do
se

is
ac

hi
ev

ed
Fo

rs
ta

bl
e

pa
tie

nt
s,

tit
ra

tio
n

in
te

rv
al

ca
n

be
3-

5
da

ys

In
cr

ea
se

do
se

ev
er

y
2-

4
w

ee
ks

un
til

ta
rg

et
or

m
ax

im
al

ly
-t

ol
er

at
ed

do
se

is
ac

hi
ev

ed
Fo

rs
ta

bl
e

pa
tie

nt
s,

tit
ra

tio
n

in
te

rv
al

ca
n

be
w

ee
kl

y

In
cr

ea
se

do
se

ev
er

y
2

w
ee

ks
un

til
ta

rg
et

or
m

ax
im

al
ly

to
le

ra
te

d
do

se
is

ac
hi

ev
ed

In
cr

ea
se

do
se

ev
er

y
3-

5
da

ys
un

til
ta

rg
et

or
m

ax
im

al
ly

to
le

ra
te

d
do

se
is

ac
hi

ev
ed

In
cr

ea
se

do
se

ev
er

y
1-

2
w

ee
ks

un
til

ta
rg

et
or

m
ax

im
al

ly
to

le
ra

te
d

do
se

is
ac

hi
ev

ed

Re
as

se
ss

he
ar

tr
at

e
in

at
le

as
t

2-
4

w
ee

ks
:

H
ea

rt
ra

te
<5

0
bp

m
,r

ed
uc

e
do

se
by

2.
5

m
g

tw
ic

e
da

ily
or

di
sc

on
tin

ue
H

ea
rt

ra
te

50
-6

0
bp

m
,

m
ai

nt
ai

n
cu

rr
en

td
os

e
H

ea
rt

ra
te

>6
0

bp
m

,i
nc

re
as

e
do

se
by

2.
5

m
g

2
tim

es
/d

to
a

m
ax

im
um

of
7.

5
m

g
2

tim
es

/d

Ti
tr

at
io

n
no

tg
en

er
al

ly
pe

rf
or

m
ed

W
ha

tt
o

m
on

ito
r

Bl
oo

d
pr

es
su

re
,k

id
ne

y
fu

nc
tio

n,
po

ta
ss

iu
m

Bl
oo

d
pr

es
su

re
,k

id
ne

y
fu

nc
tio

n,
el

ec
tr

ol
yt

es
H

ea
rt

ra
te

,b
lo

od
pr

es
su

re
,a

nd
m

on
ito

rf
or

si
gn

s
of

co
ng

es
tio

n

Ki
dn

ey
fu

nc
tio

n,
po

ta
ss

iu
m

:
2-

3
Da

ys
af

te
r

in
iti

at
io

n
7

Da
ys

af
te

ri
ni

tia
tio

n/
tit

ra
tio

n
M

on
th

ly
fo

r3
m

on
th

s
Ev

er
y

3
m

on
th

s
th

er
ea

ft
er

Bl
oo

d
pr

es
su

re
H

ea
rt

ra
te

Ki
dn

ey
fu

nc
tio

n,
bl

oo
d

pr
es

su
re

,
en

su
re

di
ab

et
es

sp
ec

ia
lis

t
fo

llo
w

-u
p

Ab
br

ev
ia

tio
ns

:A
CE

i,
an

gi
ot

en
sin

-c
on

ve
rt

in
g

en
zy

m
e

in
hi

bi
to

r;
AR

B,
an

gi
ot

en
sin

re
ce

pt
or

bl
oc

ke
r;

AR
N

I,
an

gi
ot

en
sin

re
ce

pt
or

–n
ep

ril
ys

in
in

hi
bi

to
r;

bp
m

,b
ea

ts
pe

rm
in

ut
e;

D
KA

,d
ia

be
tic

ke
to

ac
id

os
is;

eG
FR

,e
st

im
at

ed
gl

om
er

ul
ar

fil
tr

at
io

n
ra

te
;M

RA
,m

in
er

al
oc

or
tic

oi
d

re
ce

pt
or

an
ta

go
ni

st
;S

GL
T2

,s
od

iu
m

-g
lu

co
se

co
tr

an
sp

or
te

r2
.

Clinical Review & Education Review Heart Failure With Reduced Ejection Fraction: A Review

496 JAMA August 4, 2020 Volume 324, Number 5 (Reprinted) jama.com

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by Piergiorgio Gigliotti on 08/05/2020

http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.10262


communication can be remote via telehealth, by home-based
nurse visits, or through telephone conversation. Blood tests can
be checked at home or at a location convenient for the patient.

New Drug Therapies for HFrEF Awaiting Guideline
Recommendations
SGLT2 Inhibitors
The DAPA-HF (Dapagliflozin and Prevention of Adverse Out-
comes in Heart Failure) trial evaluated the effect of dapagliflozin
in patients with HFrEF with and without type 2 diabetes and
found that dapagliflozin reduced the primary end point of wors-
ening heart failure or cardiovascular death (HR, 0.74 [95% CI,
0.65-0.85]; P < .001), cardiovascular mortality (HR, 0.82 [95% CI,
0.69-0.98]), and all-cause mortality (HR, 0.83 [95% CI, 0.71-
0.97]) compared with placebo.23 Subsequent analyses have
shown the benefits of dapagliflozin were not significantly dif-
ferent between patients with and without diabetes.67 The US
Food and Drug Administration recently approved the use of
dapagliflozin for treatment of HFrEF, irrespective of diabetes sta-
tus, and it is anticipated that dapagliflozin will be added to
guideline-directed medical therapy for all patients with HFrEF in
the 2021 American College of Cardiology/American Heart Asso-
ciation heart failure guideline. Several other ongoing trials are
investigating the role of SGLT2 inhibitors in patients with HFrEF,
with and without type 2 diabetes, as well as patients with heart
failure with preserved EF.

How SGLT2 inhibitors improve prognosis in HFrEF remains
unknown, although some proposed mechanisms include beneficial
effects on myocardial metabolism, fibrosis, inflammation, vascular
function, and ion transport.68-70 While SGLT2 inhibition results in
natriuresis, osmotic diuresis, weight loss, and blood pressure
reduction, these effects in isolation should not account for the
improvement in prognosis, as other trials of weight loss and blood
pressure reduction have not shown similar benefit and patients
who received dapagliflozin in DAPA-HF had a weight loss of only
1 kg compared with controls.23

Vericiguat
Vericiguat is an oral soluble guanylate cyclase stimulator that in-
creases activity of the second messenger cyclic guanosine mono-
phosphate (cGMP), which is involved in regulation of protective car-
diovascular, kidney, and metabolic actions. The recent VICTORIA
(Vericiguat Global Study in Subjects with Heart Failure with Re-
duced Ejection Fraction) trial enrolled patients with higher-risk HFrEF
than those included in other contemporary clinical trials, and found
that vericiguat reduced the composite primary outcome of cardio-
vascular death or first heart failure hospitalization (35.5% vs 38.5%;
HR, 0.90 [95% CI, 0.82-0.98]) over median follow-up of 10.8
months, although this was driven by the reduction in heart failure
hospitalization with a statistically nonsignificant reduction in car-
diovascular death (16.4% vs 17.5%; HR, 0.93 [95% CI, 0.81-1.06]).24

However, the high annualized event rate that reflected the risk pro-
file of the study population meant that median follow-up was only
10.8 months, compared with 27 months in PARADIGM-HF and 18
months in DAPA-HF, and whether longer-duration exposure to
vericiguat would have resulted in a significant reduction in cardio-
vascular death is unknown.71 Given its vasodilating properties,
vericiguat resulted in symptomatic hypotension in 9.1% of patients

and syncope in 4.0%, although these were not significantly higher
than placebo.24

Device Treatment
Cardiac Resynchronization Therapy
Cardiac resynchronization therapy (CRT) involves implantation of
pacing leads to the right and left ventricles via the coronary sinus,
which are timed to pace at an interval maximizing synchrony. The

Box 4. Common Questions Asked by Physicians

“Should all guideline-directed medical therapies be started
together or staggered?”

In a patient with new-onset HFrEF, initiation of either a
β-blocker or ACEi/ARB first is safe. β-blocker should not be
newly initiated in those with congestion until congestion is
relieved. Stable patients who do not have significant
congestion, borderline low blood pressure, or frailty can be
started on both β-blocker and ACEi/ARB simultaneously. It is not
necessary to achieve target or maximally tolerated doses of
β-blockers and ACEi/ARB before adding MRA

“What should I up-titrate first?”
This depends on the degree of congestion, the heart rate, and
kidney function. Titration of β-blockers is less preferred than
titration of ACEi/ARB when the patient is still congested;
significant caution should be taken when titrating β-blockers
in patients who are more tachycardic, as this may be
compensatory to maintain cardiac output

“How quickly can I up-titrate β-blockers and ARNI?”
β-Blockers should be titrated no more frequently than once
every 1-2 weeks in stable patients. ARNI can be titrated weekly
in those with higher blood pressures, and every 2-4 weeks in
those with lower blood pressures

“At what level of kidney dysfunction should I stop ACEi/ARB/ARNI?”
A decrease in eGFR of >30% or the development of
hyperkalemia should prompt consideration of a dose reduction
in ACEi/ARB/ARNI

“When to refer for LVAD or transplantation?”
Early identification and timely referral of select patients to a
heart failure specialist is critical so that those with advanced
disease can be considered for heart transplantation or LVAD
placement. This window of opportunity is missed if referral is
delayed until multiorgan failure develops, as such patients may
no longer candidates for these therapies. A useful acronym
‘I-NEED-HELP’ was developed to assist clinicians recognize such
appropriate patients (Table 4)21

“When should I repeat a TTE?”
A TTE should be repeated after 3-6 months of guideline-directed
medical therapy optimization so that patients with progressive
left ventricular dysfunction and worsening LVEF can be identified
early and considered for referral to an advanced heart failure
specialist, those with persistent severe MR can be referred for
consideration of MitraClip, and to allow re-assessment of the
LVEF in patients who otherwise meet criteria for consideration of
CRT or ICD implantation. A TTE should also be repeated if there
are significant changes in clinical status

Abbreviations: ARB, angiotensin receptor blocker; ACEi, angiotensin-
converting enzyme inhibitor; ARNI, angiotensin receptor–neprilysin inhibitor;
HFrEF, heart failure with reduced ejection fraction; MRA, mineralocorticoid
receptor antagonist.
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largest benefit from CRT is in patients with a wide QRS complex
(>150 milliseconds) with left bundle-branch block (LBBB) mor-
phology and normal sinus rhythm, although CRT may also be con-
sidered in certain patients with QRS duration of 120 to 149 milli-
seconds or non-LBBB morphology, depending on additional
criteria such as NYHA functional class, LVEF, and etiology of HF.20

Clinical trials have established the morbidity and mortality benefit
of CRT in certain patients with HFrEF, including CARE-HF (Cardiac
Resynchronization in Heart Failure Trial), which found that CRT
reduced all-cause mortality (20% vs 30%; HR, 0.63 [95% CI, 0.51-
0.77]) compared with optimal medical therapy over a mean
follow-up of 29.4 months (Table 5).72 Subgroup analysis from the
MADIT-CRT (Multicenter Automatic Defibrillator Implantation Trial
with Cardiac Resynchronization Therapy) trial, found that CRT
reduced all-cause mortality or heart failure hospitalization only in
patients with QRS duration of 150 milliseconds or greater (HR,
0.48 [95% CI, 0.37-0.64]; HR for QRS duration <150 milliseconds,
1.06 [95% CI, 0.74-1.52]; P = .001 for interaction) and LBBB mor-
phology (HR, 0.47 [95% CI, 0.37-0.61]; P < .001; HR for non-LBBB
morphology, 1.24 [95% CI, 0.85-1.81]; P .26).73,80 CRT is of no ben-
efit when QRS complex is narrow, even when there is left ventricu-
lar dyssynchrony.81

Implantable Cardiac Defibrillator
Sudden cardiac death is a leading cause of death in patients with
HFrEF, who may be eligible for an implantable cardiac defibrillator
(ICD) to reduce this risk. One of the important trials establishing
the survival benefit of ICD implantation in patients with ischemic
cardiomyopathy was MADIT II (Multicenter Automatic Defibrillator
Implantation Trial II), which found that ICD reduced all-cause mor-
tality compared with optimal medical therapy (HR, 0.69 [95% CI,
0.51-0.93]; P = .02) (Table 5).74 The utility of ICD implantation in
patients with nonischemic cardiomyopathy was then evaluated in

the DEFINITE (Defibrillators in Non-Ischemic Cardiomyopathy
Treatment Evaluation) trial, which found that ICD therapy reduced
sudden cardiac death (HR, 0.20 [95% CI, 0.15-0.90]; P = .02) but
not the primary end point of all-cause mortality (HR, 0.65 [95% CI,
0.40-1.06]; P = .08) compared with optimal medical therapy.76 In
contrast, in SCD-HeFT (Sudden Cardiac Death in Heart Failure
Trial), ICD therapy reduced all-cause mortality (HR, 0.77 [95% CI,
0.62-0.96]; P = .007) with similar reductions among patients with
ischemic heart failure (21% reduction) and nonischemic heart fail-
ure (27% reduction).75 Although recent data suggest patients with
nonischemic HFrEF might accrue less obvious benefit from ICD
placement, guideline recommendations still support ICD use in
this population.82

Transcatheter Mitral Valve Repair
Transcatheter mitral valve repair (tMVR) may be considered for
patients with HFrEF and severe secondary mitral regurgitation
(MR). In the COAPT (Cardiovascular Outcomes Assessment of the
MitraClip Percutaneous Therapy for Heart Failure Patients with
Functional Mitral Regurgitation) trial, among 614 patients with
HFrEF and severe mitral regurgitation, there was a significant
reduction in the primary end point of heart failure hospitalization
(35.8% vs 67.9%; HR, 0.53 [95% CI, 0.40-0.70]) and the second-
ary end point of all-cause mortality (29.1% vs 46.1%; HR, 0.62 [95%
CI, 0.46-0.82]) in patients treated with tMVR compared with pla-
cebo (Table 5).77 Conversely, the MITRA-FR (Percutaneous Repair
with the MitraClip Device for Severe Functional/Secondary Mitral
Regurgitation) trial found that tMVR did not reduce mortality or
heart failure hospitalization at 1 year.78 The discrepant results
between these 2 trials may potentially be explained by patients in
the COAPT trial having mitral regurgitation severity out of propor-
tion to the degree of left ventricular remodeling compared with the
MITRA-FR trial, in which patients had larger left ventricular volumes

Table 5. Clinical Trials of Device Therapies for Heart Failure With Reduced Ejection Fraction

Clinicial trial
No. of
patients Follow-up End point

Event rates, %

RR (95% CI) P valueDevice Control
Cardiac resynchronization
therapy

CARE-HF72 813 29 mo All-cause mortality 20 30 0.64 (0.48-0.85) <.002

HF hospitalization 18 33 0.48 (0.36-0.64) <.001

MADIT-CRT73 1820 29 mo All-cause mortality or
HF hospitalization

17.2 25.3 0.66 (0.52-0.84) .001

Implantable cardiac-defibrillator

MADIT-II74 1232 20 mo All-cause mortality 14.2 19.8 0.69 (0.51-0.93) .02

SCD-HeFT75 2521 45 mo All-cause mortality 21.9 28.8 0.77 (0.62-0.96) .007

DEFINITE76 458 29 mo Sudden cardiac death 1.3 6.1 0.20 (0.15-0.90) .02

All-cause mortality 7.9 14.1 0.65 (0.40-1.06) .08

MitraClip

COAPT77 614 24 mo HF hospitalization 35.8a 67.9a 0.53 (0.40-0.70) <.001

All-cause mortality 29.1 46.1 0.62 (0.46-0.82) <.001

MITRA-FR78 304 12 mo HF hospitalization 48.7 47.4 1.13 (0.81-1.56)

All-cause mortality 24.3 22.4 1.11 (0.69-1.77)

CardioMEMS device

CHAMPION79 456 18 mo HF hospitalization 0.49 eventsa 0.69 eventsa 0.72 (0.59-0.88) .001

All-cause mortality 17.6 24.4 0.68 (0.45-1.02) .06
a Indicates per patient year.
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and less severe mitral regurgitation. Additionally, the use of maxi-
mally tolerated guideline-directed medical therapy prior to enroll-
ment was required only by the COAPT trial, although the impact of
this is unclear. Reconciling the contrasting results from these 2
studies is a subject of significant interest with a number of pro-
posed theories,83,84 and further investigation is necessary to
improve understanding of which patients benefit from tMVR for
severe secondary mitral regurgitation.

Wireless Pulmonary Artery Pressure Monitors
Following hospitalization for acute HF, patients with persistent NYHA
class III symptoms may be considered for implantation of a wireless
pulmonary artery pressure monitor. In the CHAMPION (CardioMEMS
Heart Sensor Allowing Monitoring of Pressure to Improve Outcomes
in NYHA Class III Heart Failure Patients) trial, the device reduced
heart failure hospitalizations (0.49 vs 0.69 events per patient-year;
HR, 0.72 [95% CI, 0.59-0.88]), and there was a statistically nonsig-
nificant reduction in mortality (HR, 0.68 [95% CI, 0.45-1.02]; P = .06)
over a mean follow-up period of 18 months (Table 5).79

Management of Comorbidities
In one study, 40% of heart failure patients had at least 5 noncardio-
vascular comorbidities. The presence and number of comorbidities
often complicates management and may lead to worse prognosis
(Figure).85

Diabetes
Useful recent consensus documents86,87 and clinical practice
guidelines88 exist regarding optimizing the care of patients with
heart failure and type 2 diabetes. First-line treatment of type 2
diabetes in heart failure should include metformin and SGLT2
inhibitors; whereas the use of saxagliptin89 or thiazolidinediones
should be avoided as they increase the risk of heart failure
hospitalization.88 Glucagon-like peptide-1 receptor agonists may
also be considered in patients with type 2 diabetes and HF,88

although caution is recommended in patients with recently
decompensated HFrEF given a statistically nonsignificant
increase in heart failure hospitalization (41% vs 34%; HR, 1.30
[95% CI, 0.89-1.88]) in the FIGHT (Functional Impact of GLP-1 for
Heart Failure Treatment) trial.90

Atrial Fibrillation
Atrial fibrillation is an adverse prognostic marker in HF.91 Patients
with HFrEF who develop atrial fibrillation should be initiated on oral
anticoagulation due to high risk for cardioembolic stroke. Recom-
mendations for heart rate control are outlined in the Figure; impor-
tantly, calcium channel blockers should be avoided as they are con-
traindicated in HFrEF.

Rhythm control using antiarrhythmic- or catheter-based
approaches may be considered, although no antiarrhythmic drug
has shown a mortality benefit in patients with atrial fibrillation and
HFrEF. An antiarrhythmic strategy with catheter ablation of parox-
ysmal or persistent atrial fibrillation in HFrEF was evaluated in the
CASTLE-AF (Catheter Ablation vs Standard Conventional Therapy
in Patients with Left Ventricular Dysfunction and Atrial Fibrillation)
trial, which randomized patients to catheter ablation or medical

therapy (either rate or rhythm control) and found that catheter
ablation significantly reduced all-cause mortality (HR, 0.53 [95%
CI, 0.32-0.86]), heart failure hospitalization (HR, 0.56 [95% CI,
0.37-0.83]), and cardiovascular death (HR, 0.49 [95% CI,
0.29-0.84]).92 Subgroup analysis revealed a significant interaction
between atrial fibrillation duration and LVEF and the primary end
point of death or heart failure hospitalization, which found that
patients with LVEF�25% were more likely to benefit from ablation
than those with LVEF of 25% or less (HR, 0.48 [95% CI, 0.31-0.74]
vs HR, 1.36 [95% CI, 0.69-2.65]), and patients with persistent atrial
fibrillation were more likely to benefit than those with paroxysmal
atrial fibrillation (HR, 0.64; [95% CI, 0.41-0.99] vs HR, 0.60 [95%
CI, 0.34-1.08]). The optimal use of atrial fibrillation ablation in
HFrEF remains unclear; guideline and consensus-based recommen-
dations for who and when to utilize catheter-based approaches to
treat atrial fibrillation remain lacking.

Kidney Dysfunction
The term cardio-renal syndrome refers to the nuanced and highly in-
terdependent relationship between the heart and kidneys, whereby
acute or chronic dysfunction in one organ may induce acute or
chronic dysfunction in the other. Chronic kidney disease is highly
prevalent in HFrEF and is associated with significant morbidity and
mortality; among 22 981 patients in the Swedish Heart Failure Reg-
istry, chronic kidney disease was present in 45% and was associ-
ated with increased 1-year mortality (HR, 1.49 [95% CI, 1.42-1.56]).93

The pathophysiology of cardio-renal syndrome is complex, and
may be caused by a number of factors, including direct effects of
renin-angiotensin-aldosterone system inhibitors or diuretics and pro-
gressive medical-renal disease, or more ominously, it may signify
progression of cardiac dysfunction. Notably, though inadequate car-
diac output from worsening left ventricular function can unmistak-
ably cause worsening kidney function through underperfusion and
further activation of the renin-angiotensin-aldosterone system and
sympathetic nervous system, a more common cause of cardio-
renal syndrome is fluid retention and renal venous hypertension.94

Thus, careful evaluation of volume status is necessary when wors-
ening kidney function occurs, as optimal management of the situ-
ation might involve intensification of diuretics rather than the op-
posite, a common error in the care of such patients. The approach
to diuretic therapy and management of diuretic resistance in heart
failure has recently been reviewed in detail.95 Diuretics recom-
mended for use in patients with HFrEF and chronic kidney disease
are the same as for the heart failure population in general, although
the dose-response curve is blunted in those with chronic kidney dis-
ease due to impaired secretion of diuretics into the tubular lumen.
This may be overcome by the use of higher-loop diuretic doses, al-
though peak absolute sodium excretion remains diminished.95,96

The half-life of furosemide is prolonged in patients with chronic
kidney disease, which increases its potential to cause deafness or
tinnitus, particularly when very large bolus doses are administered
that result in high serum concentrations.97,98 The half-lives of torse-
mide and bumetanide are preserved in chronic kidney disease due
to differences in drug metabolism.97

Coronary Artery Disease
While there is randomized clinical trial evidence that coronary
artery bypass grafting, in addition to medical therapy, improves
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all-cause mortality and cardiovascular hospitalization in patients with
HFrEF in the absence of acute coronary syndrome, there is insuffi-
cient data to recommend for or against percutaneous coronary in-
tervention in this setting, although a randomized clinical trial is
ongoing.99 The STICH (Surgical Treatment for Ischemic Heart Fail-
ure) trial randomized 1212 patients with ischemic cardiomyopathy
and LVEF of less than or equal to 35% to coronary artery bypass graft-
ing or optimal medical therapy and found that surgical revascular-
ization did not reduce the primary end point of all-cause death
(36% vs 41%; HR, 0.86 [95% CI, 0.72-1.04]; P = .12) at a median 56
months follow-up,100 although 10-year data subsequently demon-
strated a reduction in all-cause mortality (58.9% vs 66.1%; HR, 0.84
[95% CI, 0.73-0.97]; P = .02) and cardiovascular mortality (40.5%
vs 49.3%; HR, 0.79 [95% CI, 0.66-0.93]; P = .006) with coronary
artery bypass grafting, which had an incremental median survival
benefit of 18 months and a number needed to treat of 14.101 Impor-
tantly, the long-term survival benefit of coronary artery bypass graft-
ing was most apparent in younger patients and diminished with in-
creasing age and was greatest in patients with more advanced
ischemic cardiomyopathy, such as 3-vessel disease or more severe
left ventricular systolic dysfunction.

Specific Populations
Black Patients
Black patients are disproportionately affected by heart failure and
have greater risk of HF-related hospitalization and mortality; these
differences arise as a result of a complex interplay of physiologic,
genetic, environmental, and social factors.102 Black patients have
also been consistently underrepresented in heart failure clinical
trials. While the risk of angioedema with ACE inhibitors or ARNIs is
slightly higher in Black patients, the absolute risk is low (1.8% in
PARADIGM-HF and 0.56% in PROVE-HF), and therefore, Black
patients should be prescribed these therapies unless there is a his-
tory of angioedema with prior use.51,103 As described previously,
the combination of hydralazine and isosorbide dinitrate has been
shown to have survival and heart failure hospitalization benefits
in Black patients.43

Patients 75 Years of Age and Older
The evidence base for guideline-directed medical therapy has
been derived from randomized clinical trials that typically
enrolled only a modest number of patients older than 65 years,
and very few older than 80 years. Observational data support
similar treatment benefits as in younger patients, but also suggest
higher risk of adverse events.104 Caution is often needed with ini-
tiation and titration of therapy in older patients, with lower initial
doses and slower dose titration. Nonetheless, whenever possible,
during the care of older patients with HFrEF, titration to target
doses is always recommended.

Cardiac Rehabilitation
Cardiac rehabilitation can be useful to improve exercise duration,
health-related quality of life, and mortality.105-107 The HF-ACTION
(Heart Failure: A Controlled Trial Investigating Outcomes of Exer-
cise Training) trial found that a prescribed exercise training pro-
gram modestly reduced clinical events when added to optimal medi-

cal therapy. After adjustment for prognostic variables, the risk of all-
cause mortality and hospitalization was 11% lower in cardiac
rehabilitation participants (P = .03), and cardiovascular mortality and
heart failure hospitalization was reduced by 15% (P = .03).107 Car-
diac rehabilitation was safe, with no excess risk of cardiovascular ad-
verse events or hospitalization after exercise. Besides the benefits
of exercise therapy, participation in a cardiac rehabilitation pro-
gram affords valuable opportunity for ongoing symptom and vital
sign surveillance, medication titration, patient education, and moni-
toring for mood disorders.

Prognosis
While significant progress has been made in the management of
HFrEF, improvement in survival appears to be leveling off over time
despite an expanding list of therapies that have been shown to im-
prove survival in clinical trials. For example, the 5-year mortality rate
of heart failure decreased by 24% to 33% between the time peri-
ods of 1970-1974 to 1990-1994,108 yet the mortality rate in HFrEF
remained unchanged between 1990-1999 and 2000-2009 (HR of
mortality, 0.97 [95% CI, 0.81-1.15]),109 and prognosis remains par-
ticularly poor after hospitalization; the 5-year survival after hospi-
talization for HFrEF is 24.7%.3

Estimation of prognosis helps patients and clinicians engage in
shared decision making on the appropriate type and timing of
therapy, such as rapid transition to advanced therapies. Prognosis
should be re-assessed at every office visit, and especially following
major events, such as heart failure hospitalization.

A number of methods are available to establish prognosis. Bio-
markers such as NT-proBNP are helpful to establish longitudinal
prognosis; patients with low concentrations (eg, <1000 pg/mL)
tend to have a more benign course with less left ventricular remod-
eling and fewer events; those with low concentrations might there-
fore merit less aggressive follow up evaluation or imaging. In addi-
tion to biomarkers, multivariable prognostic risk scores may be of
value, however in general, most of these variables are only moder-
ately accurate for predicting mortality and heart failure hospitaliza-
tions; they are nonetheless additive to clinical judgment for
prognostication.110,111 Recently, the PREDICT-HF (PARADIGM Risk
of Events and Death in the Contemporary Treatment of Heart Fail-
ure) risk score was derived and validated for the prediction of car-
diovascular and all-cause death and heart failure hospitalization;
the model performed well, with a C-statistic of 0.71 (95% CI, 0.69-
0.74) for the prediction of all-cause mortality at 1 year and 0.70
(95% CI, 0.68-0.72) at 2 years.112

Limitations
This review has several limitations. First, unlike the time period in
which cornerstone neurohormonal blockade therapies (ACE inhibi-
tors, ARBs, ARNIs, β-blockers, and MRA) were studied in clinical trials,
there has been a more rapidly changing landscape of available thera-
pies for HFrEF in recent years, making direct comparisons between
medical and device therapies challenging. For example, only a mi-
nority of patients were on ARNIs in the COAPT trial (3.5%), DAPA-HF
(10.5%), and the VICTORIA trial (14.5%). Second, contemporary real-
world outcomes data for patients with HFrEF treated with current
guideline-directed medical therapies are also lacking.
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Conclusions

HFrEF is a major public health concern with substantial morbidity
and mortality. The management of HFrEF has seen significant sci-
entific breakthrough in recent decades, and the ability to alter the

natural history of the disease has never been better. Recent devel-
opments include SGLT2 inhibitors, vericiguat, and transcatheter mi-
tral valve repair, which incrementally improve prognosis beyond
foundational neurohormonal therapies. Disease morbidity and mor-
tality remain high with a 5-year survival rate of 25% after hospital-
ization for HFrEF.

ARTICLE INFORMATION

Accepted for Publication: May 27, 2020.

Author Contributions: Dr Januzzi had full access to
all of the data in the study and takes responsibility
for the integrity of the data and the accuracy of the
data analysis.

Conflict of Interest Disclosures: Dr Ibrahim
reports having received honoraria from Novartis
Pharmaceuticals and Roche Diagnostics. Dr Januzzi
reports being a trustee of the American College of
Cardiology, receipt of grant support from Novartis
Pharmaceuticals and Abbott Diagnostics and
honoraria from Abbott, Janssen, Novartis, and
Roche Diagnostics, and participation in clinical end
point committees and data safety monitoring
boards for Abbott, AbbVie, Amgen, Bayer, CVRx,
Janssen, and Takeda. Dr Murphy reports no
disclosures.

Funding/Support: Dr Ibrahim is supported in part
by the Dennis and Marilyn Barry fund for cardiology
research. Dr Januzzi is supported in part by the
Hutter Family Professorship.

Role of the Funder/Sponsor: Funders had no role
in the design and conduct of the study; collection,
management, analysis, and interpretation of the
data; preparation, review, or approval of the
manuscript; and decision to submit the manuscript
for publication.

Submissions: We encourage authors to submit
papers for consideration as a Review. Please
contact Edward Livingston, MD, at Edward.
livingston@jamanetwork.org or Mary McGrae
McDermott, MD, at mdm608@northwestern.edu.

REFERENCES

1. Maggioni AP, Dahlström U, Filippatos G, et al;
Heart Failure Association of the European Society
of Cardiology (HFA). EURObservational Research
Programme: regional differences and 1-year
follow-up results of the Heart Failure Pilot Survey
(ESC-HF Pilot). Eur J Heart Fail. 2013;15(7):808-817.
doi:10.1093/eurjhf/hft050

2. Yancy CW, Jessup M, Bozkurt B, et al. 2017
ACC/AHA/HFSA focused update of the 2013
ACCF/AHA Guideline for the Management of Heart
Failure: a report of the American College of
Cardiology/American Heart Association Task Force
on Clinical Practice Guidelines and the Heart Failure
Society of America. Circulation. 2017;136(6):e137-e161.
doi:10.1161/CIR.0000000000000509

3. Shah KS, Xu H, Matsouaka RA, et al. Heart failure
with preserved, borderline, and reduced ejection
fraction: 5-year outcomes. J Am Coll Cardiol. 2017;
70(20):2476-2486. doi:10.1016/j.jacc.2017.08.074

4. Virani SS, Alonso A, Benjamin EJ, et al; American
Heart Association Council on Epidemiology and
Prevention Statistics Committee and Stroke
Statistics Subcommittee. Heart disease and stroke
statistics-2020 update: a report from the American
Heart Association. Circulation. 2020;141(9):e139-
e596. doi:10.1161/CIR.0000000000000757

5. Mozaffarian D, Benjamin EJ, Go AS, et al;
American Heart Association Statistics Committee
and Stroke Statistics Subcommittee. Heart disease
and stroke statistics—2015 update: a report from
the American Heart Association. Circulation. 2015;
131(4):e29-e322. doi:10.1161/CIR.
0000000000000152

6. Conrad N, Judge A, Tran J, et al. Temporal trends
and patterns in heart failure incidence:
a population-based study of 4 million individuals.
Lancet. 2018;391(10120):572-580. doi:10.1016/
S0140-6736(17)32520-5

7. Ho JE, Lyass A, Lee DS, et al. Predictors of
new-onset heart failure: differences in preserved
versus reduced ejection fraction. Circ Heart Fail.
2013;6(2):279-286. doi:10.1161/CIRCHEARTFAILURE.
112.972828

8. Thibodeau JT, Turer AT, Gualano SK, et al.
Characterization of a novel symptom of advanced
heart failure: bendopnea. JACC Heart Fail. 2014;2
(1):24-31. doi:10.1016/j.jchf.2013.07.009

9. Stevenson LW, Perloff JK. The limited reliability
of physical signs for estimating hemodynamics in
chronic heart failure. JAMA. 1989;261(6):884-888.
doi:10.1001/jama.1989.03420060100040

10. Januzzi JL Jr, Chen-Tournoux AA, Christenson
RH, et al; ICON-RELOADED Investigators.
N-terminal pro-B-type natriuretic peptide in the
emergency department: the ICON-RELOADED
study. J Am Coll Cardiol. 2018;71(11):1191-1200. doi:
10.1016/j.jacc.2018.01.021

11. Maisel AS, Krishnaswamy P, Nowak RM, et al;
Breathing Not Properly Multinational Study
Investigators. Rapid measurement of B-type
natriuretic peptide in the emergency diagnosis of
heart failure. N Engl J Med. 2002;347(3):161-167.
doi:10.1056/NEJMoa020233

12. Ponikowski P, Voors AA, Anker SD, et al; ESC
Scientific Document Group. 2016 ESC guidelines for
the diagnosis and treatment of acute and chronic
heart failure: the task force for the diagnosis and
treatment of acute and chronic heart failure of the
European Society of Cardiology (ESC) developed
with the special contribution of the Heart Failure
Association (HFA) of the ESC. Eur Heart J. 2016;37
(27):2129-2200. doi:10.1093/eurheartj/ehw128

13. Bayés-Genís A, Lopez L, Zapico E, et al.
NT-ProBNP reduction percentage during admission
for acutely decompensated heart failure predicts
long-term cardiovascular mortality. J Card Fail.
2005;11(5)(suppl):S3-S8. doi:10.1016/j.cardfail.2005.
04.006

14. Januzzi JL Jr, Ahmad T, Mulder H, et al.
Natriuretic peptide response and outcomes in
chronic heart failure with reduced ejection fraction.
J Am Coll Cardiol. 2019;74(9):1205-1217. doi:10.
1016/j.jacc.2019.06.055

15. Selvaraj S, Claggett B, Pozzi A, et al. Prognostic
implications of congestion on physical examination
among contemporary patients with heart failure
and reduced ejection fraction: PARADIGM-HF.

Circulation. 2019;140(17):1369-1379. doi:10.1161/
CIRCULATIONAHA.119.039920

16. Collins SP, Lindsell CJ, Storrow AB, Abraham
WT; ADHERE Scientific Advisory Committee,
Investigators and Study Group. Prevalence of
negative chest radiography results in the
emergency department patient with
decompensated heart failure. Ann Emerg Med.
2006;47(1):13-18. doi:10.1016/j.annemergmed.2005.
04.003

17. Mueller-Lenke N, Rudez J, Staub D, et al. Use of
chest radiography in the emergency diagnosis of
acute congestive heart failure. Heart. 2006;92(5):
695-696. doi:10.1136/hrt.2005.074583

18. Mahdyoon H, Klein R, Eyler W, Lakier JB,
Chakko SC, Gheorghiade M. Radiographic
pulmonary congestion in end-stage congestive
heart failure. Am J Cardiol. 1989;63(9):625-627.
doi:10.1016/0002-9149(89)90912-0

19. Halliday BP, Wassall R, Lota AS, et al.
Withdrawal of pharmacological treatment for heart
failure in patients with recovered dilated
cardiomyopathy (TRED-HF): an open-label, pilot,
randomised trial. Lancet. 2019;393(10166):61-73.
doi:10.1016/S0140-6736(18)32484-X

20. Yancy CW, Jessup M, Bozkurt B, et al. 2013
ACCF/AHA guideline for the management of heart
failure: executive summary: a report of the
American College of Cardiology Foundation/
American Heart Association Task Force on practice
guidelines. Circulation. 2013;128(16):1810-1852. doi:
10.1016/j.jacc.2013.05.020

21. Yancy CW, Januzzi JL Jr, Allen LA, et al. 2017
ACC expert consensus decision pathway for
optimization of heart failure treatment: answers to
10 pivotal issues about heart failure with reduced
ejection fraction: a report of the American College
of Cardiology Task Force on Expert Consensus
Decision Pathways. J Am Coll Cardiol. 2018;71(2):
201-230. doi:10.1016/j.jacc.2017.11.025

22. Fitzgerald AA, Powers JD, Ho PM, et al. Impact
of medication nonadherence on hospitalizations
and mortality in heart failure. J Card Fail. 2011;17(8):
664-669. doi:10.1016/j.cardfail.2011.04.011

23. McMurray JJV, Solomon SD, Inzucchi SE, et al;
DAPA-HF Trial Committees and Investigators.
Dapagliflozin in patients with heart failure and
reduced ejection fraction. N Engl J Med. 2019;381
(21):1995-2008. doi:10.1056/NEJMoa1911303

24. Armstrong PW, Pieske B, Anstrom KJ, et al;
VICTORIA Study Group. Vericiguat in patients with
heart failure and reduced ejection fraction. N Engl J
Med. 2020;382(20):1883-1893. doi:10.1056/
NEJMoa1915928

25. Greene SJ, Butler J, Albert NM, et al. Medical
therapy for heart failure with reduced ejection
fraction: the CHAMP-HF registry. J Am Coll Cardiol.
2018;72(4):351-366. doi:10.1016/j.jacc.2018.04.070

26. Fiuzat M, Wojdyla D, Kitzman D, et al.
Relationship of beta-blocker dose with outcomes in

Heart Failure With Reduced Ejection Fraction: A Review Review Clinical Review & Education

jama.com (Reprinted) JAMA August 4, 2020 Volume 324, Number 5 501

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by Piergiorgio Gigliotti on 08/05/2020

mailto:Edward.livingston@jamanetwork.org
mailto:Edward.livingston@jamanetwork.org
mailto:mdm608@northwestern.edu
https://dx.doi.org/10.1093/eurjhf/hft050
https://dx.doi.org/10.1161/CIR.0000000000000509
https://dx.doi.org/10.1016/j.jacc.2017.08.074
https://dx.doi.org/10.1161/CIR.0000000000000757
https://dx.doi.org/10.1161/CIR.0000000000000152
https://dx.doi.org/10.1161/CIR.0000000000000152
https://dx.doi.org/10.1016/S0140-6736(17)32520-5
https://dx.doi.org/10.1016/S0140-6736(17)32520-5
https://dx.doi.org/10.1161/CIRCHEARTFAILURE.112.972828
https://dx.doi.org/10.1161/CIRCHEARTFAILURE.112.972828
https://dx.doi.org/10.1016/j.jchf.2013.07.009
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.1989.03420060100040?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.10262
https://dx.doi.org/10.1016/j.jacc.2018.01.021
https://dx.doi.org/10.1056/NEJMoa020233
https://dx.doi.org/10.1093/eurheartj/ehw128
https://dx.doi.org/10.1016/j.cardfail.2005.04.006
https://dx.doi.org/10.1016/j.cardfail.2005.04.006
https://dx.doi.org/10.1016/j.jacc.2019.06.055
https://dx.doi.org/10.1016/j.jacc.2019.06.055
https://dx.doi.org/10.1161/CIRCULATIONAHA.119.039920
https://dx.doi.org/10.1161/CIRCULATIONAHA.119.039920
https://dx.doi.org/10.1016/j.annemergmed.2005.04.003
https://dx.doi.org/10.1016/j.annemergmed.2005.04.003
https://dx.doi.org/10.1136/hrt.2005.074583
https://dx.doi.org/10.1016/0002-9149(89)90912-0
https://dx.doi.org/10.1016/S0140-6736(18)32484-X
https://dx.doi.org/10.1016/j.jacc.2013.05.020
https://dx.doi.org/10.1016/j.jacc.2017.11.025
https://dx.doi.org/10.1016/j.cardfail.2011.04.011
https://dx.doi.org/10.1056/NEJMoa1911303
https://dx.doi.org/10.1056/NEJMoa1915928
https://dx.doi.org/10.1056/NEJMoa1915928
https://dx.doi.org/10.1016/j.jacc.2018.04.070
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.10262


ambulatory heart failure patients with systolic
dysfunction: results from the HF-ACTION (Heart
Failure: A Controlled Trial Investigating Outcomes
of Exercise Training) trial. J Am Coll Cardiol. 2012;60
(3):208-215. doi:10.1016/j.jacc.2012.03.023

27. Bristow MR, Gilbert EM, Abraham WT, et al;
MOCHA Investigators. Carvedilol produces
dose-related improvements in left ventricular
function and survival in subjects with chronic heart
failure. Circulation. 1996;94(11):2807-2816. doi:10.
1161/01.CIR.94.11.2807

28. Packer M, Poole-Wilson PA, Armstrong PW,
et al; ATLAS Study Group. Comparative effects of
low and high doses of the angiotensin-converting
enzyme inhibitor, lisinopril, on morbidity and
mortality in chronic heart failure. Circulation. 1999;
100(23):2312-2318. doi:10.1161/01.CIR.100.23.2312

29. Konstam MA, Neaton JD, Dickstein K, et al;
HEAAL Investigators. Effects of high-dose versus
low-dose losartan on clinical outcomes in patients
with heart failure (HEAAL study): a randomised,
double-blind trial. Lancet. 2009;374(9704):1840-
1848. doi:10.1016/S0140-6736(09)61913-9

30. Hartupee J, Mann DL. Neurohormonal
activation in heart failure with reduced ejection
fraction. Nat Rev Cardiol. 2017;14(1):30-38. doi:10.
1038/nrcardio.2016.163

31. The Cardiac Insufficiency Bisoprolol Study II
(CIBIS-II): a randomised trial. Lancet. 1999;353
(9146):9-13. doi:10.1016/S0140-6736(98)11181-9

32. Hjalmarson A, Goldstein S, Fagerberg B, et al;
MERIT-HF Study Group. Effects of
controlled-release metoprolol on total mortality,
hospitalizations, and well-being in patients with
heart failure: the Metoprolol CR/XL Randomized
Intervention Trial in congestive heart failure
(MERIT-HF). JAMA. 2000;283(10):1295-1302. doi:
10.1001/jama.283.10.1295

33. Packer M, Bristow MR, Cohn JN, et al;
U.S. Carvedilol Heart Failure Study Group. The
effect of carvedilol on morbidity and mortality in
patients with chronic heart failure. N Engl J Med.
1996;334(21):1349-1355. doi:10.1056/
NEJM199605233342101

34. Pfeffer MA, Braunwald E, Moyé LA, et al; The
SAVE Investigators. Effect of captopril on mortality
and morbidity in patients with left ventricular
dysfunction after myocardial infarction: results of
the survival and ventricular enlargement trial.
N Engl J Med. 1992;327(10):669-677. doi:10.1056/
NEJM199209033271001

35. The Acute Infarction Ramipril Efficacy (AIRE)
Study Investigators. Effect of ramipril on mortality
and morbidity of survivors of acute myocardial
infarction with clinical evidence of heart failure.
Lancet. 1993;342(8875):821-828.

36. Yusuf S, Pitt B, Davis CE, Hood WB, Cohn JN;
SOLVD Investigators. Effect of enalapril on survival
in patients with reduced left ventricular ejection
fractions and congestive heart failure. N Engl J Med.
1991;325(5):293-302. doi:10.1056/
NEJM199108013250501

37. McMurray JJ, Ostergren J, Swedberg K, et al;
CHARM Investigators and Committees. Effects of
candesartan in patients with chronic heart failure
and reduced left-ventricular systolic function taking
angiotensin-converting-enzyme inhibitors: the
CHARM-Added trial. Lancet. 2003;362(9386):767-
771. doi:10.1016/S0140-6736(03)14283-3

38. Dickstein K, Kjekshus J; OPTIMAAL Steering
Committee of the OPTIMAAL Study Group. Effects
of losartan and captopril on mortality and morbidity
in high-risk patients after acute myocardial
infarction: the OPTIMAAL randomised trial: Optimal
Trial in Myocardial Infarction with Angiotensin II
Antagonist Losartan. Lancet. 2002;360(9335):752-
760. doi:10.1016/S0140-6736(02)09895-1

39. Cohn JN, Tognoni G; Valsartan Heart Failure
Trial Investigators. A randomized trial of the
angiotensin-receptor blocker valsartan in chronic
heart failure. N Engl J Med. 2001;345(23):1667-1675.
doi:10.1056/NEJMoa010713

40. McMurray JJV, Packer M, Desai AS, et al;
PARADIGM-HF Investigators and Committees.
Angiotensin-neprilysin inhibition versus enalapril in
heart failure. N Engl J Med. 2014;371(11):993-1004.
doi:10.1056/NEJMoa1409077

41. Morrow DA, Velazquez EJ, DeVore AD, et al.
Clinical outcomes in patients with acute
decompensated heart failure randomly assigned to
sacubitril/valsartan or enalapril in the PIONEER-HF
Trial. Circulation. 2019;139(19):2285-2288. doi:10.
1161/CIRCULATIONAHA.118.039331

42. Pitt B, Zannad F, Remme WJ, et al; Randomized
Aldactone Evaluation Study Investigators. The
effect of spironolactone on morbidity and mortality
in patients with severe heart failure. N Engl J Med.
1999;341(10):709-717. doi:10.1056/
NEJM199909023411001

43. Taylor AL, Ziesche S, Yancy C, et al;
African-American Heart Failure Trial Investigators.
Combination of isosorbide dinitrate and hydralazine
in blacks with heart failure. N Engl J Med. 2004;351
(20):2049-2057. doi:10.1056/NEJMoa042934

44. Swedberg K, Komajda M, Böhm M, et al; SHIFT
Investigators. Ivabradine and outcomes in chronic
heart failure (SHIFT): a randomised
placebo-controlled study. Lancet. 2010;376(9744):
875-885. doi:10.1016/S0140-6736(10)61198-1

45. CONSENSUS Trial Study Group. Effects of
enalapril on mortality in severe congestive heart
failure: results of the Cooperative North
Scandinavian Enalapril Survival Study
(CONSENSUS). N Engl J Med. 1987;316(23):1429-
1435. doi:10.1056/NEJM198706043162301

46. Yusuf S, Pitt B, Davis CE, Hood WB Jr, Cohn JN;
SOLVD Investigators. Effect of enalapril on
mortality and the development of heart failure in
asymptomatic patients with reduced left
ventricular ejection fractions. N Engl J Med. 1992;
327(10):685-691. doi:10.1056/
NEJM199209033271003

47. Garg R, Yusuf S; Collaborative Group on ACE
Inhibitor Trials. Overview of randomized trials of
angiotensin-converting enzyme inhibitors on
mortality and morbidity in patients with heart
failure. JAMA. 1995;273(18):1450-1456. doi:10.
1001/jama.1995.03520420066040

48. Granger CB, McMurray JJ, Yusuf S, et al;
CHARM Investigators and Committees. Effects of
candesartan in patients with chronic heart failure
and reduced left-ventricular systolic function
intolerant to angiotensin-converting-enzyme
inhibitors: the CHARM-Alternative trial. Lancet.
2003;362(9386):772-776. doi:10.1016/S0140-6736
(03)14284-5

49. Velazquez EJ, Morrow DA, DeVore AD, et al;
PIONEER-HF Investigators. Angiotensin-neprilysin
inhibition in acute decompensated heart failure.

N Engl J Med. 2019;380(6):539-548. doi:10.1056/
NEJMoa1812851

50. Wachter R, Senni M, Belohlavek J, et al;
TRANSITION Investigators. Initiation of
sacubitril/valsartan in haemodynamically stabilised
heart failure patients in hospital or early after
discharge: primary results of the randomised
TRANSITION study. Eur J Heart Fail. 2019;21(8):
998-1007. doi:10.1002/ejhf.1498

51. Januzzi JL Jr, Prescott MF, Butler J, et al;
PROVE-HF Investigators. Association of change in
N-terminal pro-B-type natriuretic peptide following
initiation of sacubitril-valsartan treatment with
cardiac structure and function in patients with
heart failure with reduced ejection fraction. JAMA.
2019;322(11):1-11. doi:10.1001/jama.2019.12821

52. Solomon SD, McMurray JJV, Anand IS, et al;
PARAGON-HF Investigators and Committees.
Angiotensin-neprilysin inhibition in heart failure
with preserved ejection fraction. N Engl J Med.
2019;381(17):1609-1620. doi:10.1056/
NEJMoa1908655

53. Solomon SD, Vaduganathan M, L Claggett B,
et al. Sacubitril/valsartan across the spectrum of
ejection fraction in heart failure. Circulation. 2020;
141(5):352-361. doi:10.1161/CIRCULATIONAHA.119.
044586

54. Packer M, Coats AJ, Fowler MB, et al; Carvedilol
Prospective Randomized Cumulative Survival Study
Group. Effect of carvedilol on survival in severe
chronic heart failure. N Engl J Med. 2001;344(22):
1651-1658. doi:10.1056/NEJM200105313442201

55. Kotecha D, Holmes J, Krum H, et al;
Beta-Blockers in Heart Failure Collaborative Group.
Efficacy of β blockers in patients with heart failure
plus atrial fibrillation: an individual-patient data
meta-analysis. Lancet. 2014;384(9961):2235-2243.
doi:10.1016/S0140-6736(14)61373-8

56. Talajic M, Khairy P, Levesque S, et al; AF-CHF
Investigators. Maintenance of sinus rhythm and
survival in patients with heart failure and atrial
fibrillation. J Am Coll Cardiol. 2010;55(17):1796-1802.
doi:10.1016/j.jacc.2010.01.023

57. Morales DR, Lipworth BJ, Donnan PT, Jackson
C, Guthrie B. Respiratory effect of beta-blockers in
people with asthma and cardiovascular disease:
population-based nested case control study. BMC
Med. 2017;15(1):18. doi:10.1186/s12916-017-0781-0

58. Zannad F, McMurray JJ, Krum H, et al;
EMPHASIS-HF Study Group. Eplerenone in patients
with systolic heart failure and mild symptoms.
N Engl J Med. 2011;364(1):11-21. doi:10.1056/
NEJMoa1009492

59. Pitt B, Remme W, Zannad F, et al; Eplerenone
Post-Acute Myocardial Infarction Heart Failure
Efficacy and Survival Study Investigators.
Eplerenone, a selective aldosterone blocker, in
patients with left ventricular dysfunction after
myocardial infarction. N Engl J Med. 2003;348(14):
1309-1321. doi:10.1056/NEJMoa030207

60. Savelieva I, Camm AJ. I f inhibition with
ivabradine : electrophysiological effects and safety.
Drug Saf. 2008;31(2):95-107. doi:10.2165/
00002018-200831020-00001

61. Kotecha D, Flather MD, Altman DG, et al;
Beta-Blockers in Heart Failure Collaborative Group.
Heart rate and rhythm and the benefit of
beta-blockers in patients with heart failure. J Am

Clinical Review & Education Review Heart Failure With Reduced Ejection Fraction: A Review

502 JAMA August 4, 2020 Volume 324, Number 5 (Reprinted) jama.com

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by Piergiorgio Gigliotti on 08/05/2020

https://dx.doi.org/10.1016/j.jacc.2012.03.023
https://dx.doi.org/10.1161/01.CIR.94.11.2807
https://dx.doi.org/10.1161/01.CIR.94.11.2807
https://dx.doi.org/10.1161/01.CIR.100.23.2312
https://dx.doi.org/10.1016/S0140-6736(09)61913-9
https://dx.doi.org/10.1038/nrcardio.2016.163
https://dx.doi.org/10.1038/nrcardio.2016.163
https://dx.doi.org/10.1016/S0140-6736(98)11181-9
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.283.10.1295?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.10262
https://dx.doi.org/10.1056/NEJM199605233342101
https://dx.doi.org/10.1056/NEJM199605233342101
https://dx.doi.org/10.1056/NEJM199209033271001
https://dx.doi.org/10.1056/NEJM199209033271001
https://www.ncbi.nlm.nih.gov/pubmed/8104270
https://dx.doi.org/10.1056/NEJM199108013250501
https://dx.doi.org/10.1056/NEJM199108013250501
https://dx.doi.org/10.1016/S0140-6736(03)14283-3
https://dx.doi.org/10.1016/S0140-6736(02)09895-1
https://dx.doi.org/10.1056/NEJMoa010713
https://dx.doi.org/10.1056/NEJMoa1409077
https://dx.doi.org/10.1161/CIRCULATIONAHA.118.039331
https://dx.doi.org/10.1161/CIRCULATIONAHA.118.039331
https://dx.doi.org/10.1056/NEJM199909023411001
https://dx.doi.org/10.1056/NEJM199909023411001
https://dx.doi.org/10.1056/NEJMoa042934
https://dx.doi.org/10.1016/S0140-6736(10)61198-1
https://dx.doi.org/10.1056/NEJM198706043162301
https://dx.doi.org/10.1056/NEJM199209033271003
https://dx.doi.org/10.1056/NEJM199209033271003
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.1995.03520420066040?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.10262
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.1995.03520420066040?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.10262
https://dx.doi.org/10.1016/S0140-6736(03)14284-5
https://dx.doi.org/10.1016/S0140-6736(03)14284-5
https://dx.doi.org/10.1056/NEJMoa1812851
https://dx.doi.org/10.1056/NEJMoa1812851
https://dx.doi.org/10.1002/ejhf.1498
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2019.12821?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.10262
https://dx.doi.org/10.1056/NEJMoa1908655
https://dx.doi.org/10.1056/NEJMoa1908655
https://dx.doi.org/10.1161/CIRCULATIONAHA.119.044586
https://dx.doi.org/10.1161/CIRCULATIONAHA.119.044586
https://dx.doi.org/10.1056/NEJM200105313442201
https://dx.doi.org/10.1016/S0140-6736(14)61373-8
https://dx.doi.org/10.1016/j.jacc.2010.01.023
https://dx.doi.org/10.1186/s12916-017-0781-0
https://dx.doi.org/10.1056/NEJMoa1009492
https://dx.doi.org/10.1056/NEJMoa1009492
https://dx.doi.org/10.1056/NEJMoa030207
https://dx.doi.org/10.2165/00002018-200831020-00001
https://dx.doi.org/10.2165/00002018-200831020-00001
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.10262


Coll Cardiol. 2017;69(24):2885-2896. doi:10.1016/j.
jacc.2017.04.001

62. Anker SD, Comin Colet J, Filippatos G, et al;
FAIR-HF Trial Investigators. Ferric carboxymaltose
in patients with heart failure and iron deficiency.
N Engl J Med. 2009;361(25):2436-2448. doi:10.
1056/NEJMoa0908355

63. Ponikowski P, van Veldhuisen DJ, Comin-Colet
J, et al; CONFIRM-HF Investigators. Beneficial
effects of long-term intravenous iron therapy with
ferric carboxymaltose in patients with symptomatic
heart failure and iron deficiency. Eur Heart J. 2015;
36(11):657-668. doi:10.1093/eurheartj/ehu385

64. Lewis GD, Malhotra R, Hernandez AF, et al;
NHLBI Heart Failure Clinical Research Network.
Effect of oral iron repletion on exercise capacity in
patients with heart failure with reduced ejection
fraction and iron deficiency: the IRONOUT HF
randomized clinical trial. JAMA. 2017;317(19):1958-
1966. doi:10.1001/jama.2017.5427

65. Serenelli M, Jackson A, Dewan P, et al.
Mineralocorticoid receptor antagonists, blood
pressure, and outcomes in heart failure with
reduced ejection fraction. JACC Heart Fail. 2020;8
(3):188-198. doi:10.1016/j.jchf.2019.09.011

66. Jefferies JL, Ibrahim NE. Are guidelines merely
suggestions? J Am Coll Cardiol. 2018;72(4):367-369.
doi:10.1016/j.jacc.2018.05.023

67. Petrie MC, Verma S, Docherty KF, et al. Effect
of dapagliflozin on worsening heart failure and
cardiovascular death in patients with heart failure
with and without diabetes. JAMA. 2020;323(14):
1353-1368. doi:10.1001/jama.2020.1906

68. Packer M, Anker SD, Butler J, Filippatos G,
Zannad F. Effects of sodium-glucose cotransporter
2 inhibitors for the treatment of patients with heart
failure: proposal of a novel mechanism of action.
JAMA Cardiol. 2017;2(9):1025-1029. doi:10.1001/
jamacardio.2017.2275

69. Verma S, McMurray JJV. SGLT2 inhibitors and
mechanisms of cardiovascular benefit:
a state-of-the-art review. Diabetologia. 2018;61(10):
2108-2117. doi:10.1007/s00125-018-4670-7

70. Lytvyn Y, Bjornstad P, Udell JA, Lovshin JA,
Cherney DZI. Sodium glucose cotransporter-2
inhibition in heart failure: potential mechanisms,
clinical applications, and summary of clinical trials.
Circulation. 2017;136(17):1643-1658. doi:10.1161/
CIRCULATIONAHA.117.030012

71. Butler J, Anstrom Kevin J, Armstrong Paul W.
Comparing the benefit of novel therapies across
clinical trials: insights from the VICTORIA trial.
Circulation. Published online March 28, 2020. doi:10.
1161/CIRCULATIONAHA.120.047086

72. Cleland JGF, Daubert J-C, Erdmann E, et al;
Cardiac Resynchronization-Heart Failure (CARE-HF)
Study Investigators. The effect of cardiac
resynchronization on morbidity and mortality in
heart failure. N Engl J Med. 2005;352(15):1539-1549.
doi:10.1056/NEJMoa050496

73. Moss AJ, Hall WJ, Cannom DS, et al; MADIT-CRT
Trial Investigators. Cardiac-resynchronization
therapy for the prevention of heart-failure events.
N Engl J Med. 2009;361(14):1329-1338. doi:10.
1056/NEJMoa0906431

74. Moss AJ, Zareba W, Hall WJ, et al; Multicenter
Automatic Defibrillator Implantation Trial II
Investigators. Prophylactic implantation of a
defibrillator in patients with myocardial infarction

and reduced ejection fraction. N Engl J Med. 2002;
346(12):877-883. doi:10.1056/NEJMoa013474

75. Bardy GH, Lee KL, Mark DB, et al; Sudden
Cardiac Death in Heart Failure Trial (SCD-HeFT)
Investigators. Amiodarone or an implantable
cardioverter-defibrillator for congestive heart
failure. N Engl J Med. 2005;352(3):225-237. doi:10.
1056/NEJMoa043399

76. Kadish A, Dyer A, Daubert JP, et al;
Defibrillators in Non-Ischemic Cardiomyopathy
Treatment Evaluation (DEFINITE) Investigators.
Prophylactic defibrillator implantation in patients
with nonischemic dilated cardiomyopathy. N Engl J
Med. 2004;350(21):2151-2158. doi:10.1056/
NEJMoa033088

77. Stone GW, Lindenfeld J, Abraham WT, et al;
COAPT Investigators. Transcatheter Mitral-valve
repair in patients with heart failure. N Engl J Med.
2018;379(24):2307-2318. doi:10.1056/
NEJMoa1806640

78. Obadia J-F, Messika-Zeitoun D, Leurent G, et al;
MITRA-FR Investigators. Percutaneous repair or
medical treatment for secondary mitral
regurgitation. N Engl J Med. 2018;379(24):2297-
2306. doi:10.1056/NEJMoa1805374

79. Givertz MM, Stevenson LW, Costanzo MR, et al;
CHAMPION Trial Investigators. Pulmonary artery
pressure-guided management of patients with
heart failure and reduced ejection fraction. J Am
Coll Cardiol. 2017;70(15):1875-1886. doi:10.1016/j.
jacc.2017.08.010

80. Zareba W, Klein H, Cygankiewicz I, et al;
MADIT-CRT Investigators. Effectiveness of cardiac
resynchronization therapy by qrs morphology in
the Multicenter Automatic Defibrillator
Implantation Trial-Cardiac Resynchronization
Therapy (MADIT-CRT). Circulation. 2011;123(10):
1061-1072. doi:10.1161/CIRCULATIONAHA.110.
960898

81. Ruschitzka F, Abraham WT, Singh JP, et al;
EchoCRT Study Group. Cardiac-resynchronization
therapy in heart failure with a narrow QRS complex.
N Engl J Med. 2013;369(15):1395-1405. doi:10.1056/
NEJMoa1306687

82. Køber L, Thune JJ, Nielsen JC, et al; DANISH
Investigators. Defibrillator implantation in patients
with nonischemic systolic heart failure. N Engl J Med.
2016;375(13):1221-1230. doi:10.1056/
NEJMoa1608029

83. Packer M, Grayburn PA. New evidence
supporting a novel conceptual framework for
distinguishing proportionate and disproportionate
functional mitral regurgitation. JAMA Cardiol. 2020;
5(4):469-475. doi:10.1001/jamacardio.2019.5971

84. Gaasch WH, Aurigemma GP, Meyer TE.
An appraisal of the association of clinical outcomes
with the severity of regurgitant volume relative to
end-diastolic volume in patients with secondary
mitral regurgitation. JAMA Cardiol. 2020;5(4):476-
481. doi:10.1001/jamacardio.2019.5980

85. Braunstein JB, Anderson GF, Gerstenblith G,
et al. Noncardiac comorbidity increases
preventable hospitalizations and mortality among
Medicare beneficiaries with chronic heart failure.
J Am Coll Cardiol. 2003;42(7):1226-1233. doi:10.
1016/S0735-1097(03)00947-1

86. Das SR, Everett BM, Birtcher KK, et al. 2018
ACC expert consensus decision pathway on novel
therapies for cardiovascular risk reduction in

patients with type 2 diabetes and atherosclerotic
cardiovascular disease: a report of the American
College of Cardiology Task Force on Expert
Consensus Decision Pathways. J Am Coll Cardiol.
2018;72(24):3200-3223. doi:10.1016/j.jacc.2018.09.
020

87. Dunlay SM, Givertz MM, Aguilar D, et al;
American Heart Association Heart Failure and
Transplantation Committee of the Council on
Clinical Cardiology; Council on Cardiovascular and
Stroke Nursing; and the Heart Failure Society of
America. Type 2 diabetes mellitus and heart failure:
a scientific statement from the American Heart
Association and the Heart Failure Society of
America: this statement does not represent an
update of the 2017 ACC/AHA/HFSA heart failure
guideline update. Circulation. 2019;140(7):e294-
e324.

88. Cosentino F, Grant PJ, Aboyans V, et al; ESC
Scientific Document Group. 2019 ESC Guidelines on
diabetes, pre-diabetes, and cardiovascular diseases
developed in collaboration with the EASD. Eur
Heart J. 2020;41(2):255-323. doi:10.1093/
eurheartj/ehz486

89. Scirica BM, Bhatt DL, Braunwald E, et al;
SAVOR-TIMI 53 Steering Committee and
Investigators. Saxagliptin and cardiovascular
outcomes in patients with type 2 diabetes mellitus.
N Engl J Med. 2013;369(14):1317-1326. doi:10.
1056/NEJMoa1307684

90. Margulies KB, Hernandez AF, Redfield MM,
et al; NHLBI Heart Failure Clinical Research
Network. Effects of liraglutide on clinical stability
among patients with advanced heart failure and
reduced ejection fraction: a randomized clinical
trial. JAMA. 2016;316(5):500-508. doi:10.1001/
jama.2016.10260

91. Mamas MA, Caldwell JC, Chacko S, Garratt CJ,
Fath-Ordoubadi F, Neyses L. A meta-analysis of the
prognostic significance of atrial fibrillation in
chronic heart failure. Eur J Heart Fail. 2009;11(7):
676-683. doi:10.1093/eurjhf/hfp085

92. Marrouche NF, Brachmann J, Andresen D, et al;
CASTLE-AF Investigators. Catheter ablation for
atrial fibrillation with heart failure. N Engl J Med.
2018;378(5):417-427. doi:10.1056/NEJMoa1707855

93. Löfman I, Szummer K, Dahlström U, Jernberg T,
Lund LH. Associations with and prognostic impact
of chronic kidney disease in heart failure with
preserved, mid-range, and reduced ejection
fraction. Eur J Heart Fail. 2017;19(12):1606-1614.
doi:10.1002/ejhf.821

94. Rangaswami J, Bhalla V, Blair JEA, et al;
American Heart Association Council on the Kidney
in Cardiovascular Disease and Council on Clinical
Cardiology. Cardiorenal syndrome: classification,
pathophysiology, diagnosis, and treatment
strategies: a scientific statement from the American
Heart Association. Circulation. 2019;139(16):e840-
e878. doi:10.1161/CIR.0000000000000664

95. Felker GM, Ellison DH, Mullens W, Cox ZL,
Testani JM. Diuretic therapy for patients with heart
failure: JACC state-of-the-art review. J Am Coll Cardiol.
2020;75(10):1178-1195. doi:10.1016/j.jacc.2019.12.
059

96. Wu W, Bush KT, Nigam SK. Key Role for the
organic anion transporters, OAT1 and OAT3, in the
in vivo handling of uremic toxins and solutes. Sci Rep.
2017;7(1):4939. doi:10.1038/s41598-017-04949-2

Heart Failure With Reduced Ejection Fraction: A Review Review Clinical Review & Education

jama.com (Reprinted) JAMA August 4, 2020 Volume 324, Number 5 503

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by Piergiorgio Gigliotti on 08/05/2020

https://dx.doi.org/10.1016/j.jacc.2017.04.001
https://dx.doi.org/10.1016/j.jacc.2017.04.001
https://dx.doi.org/10.1056/NEJMoa0908355
https://dx.doi.org/10.1056/NEJMoa0908355
https://dx.doi.org/10.1093/eurheartj/ehu385
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2017.5427?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.10262
https://dx.doi.org/10.1016/j.jchf.2019.09.011
https://dx.doi.org/10.1016/j.jacc.2018.05.023
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2020.1906?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.10262
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamacardio.2017.2275?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.10262
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamacardio.2017.2275?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.10262
https://dx.doi.org/10.1007/s00125-018-4670-7
https://dx.doi.org/10.1161/CIRCULATIONAHA.117.030012
https://dx.doi.org/10.1161/CIRCULATIONAHA.117.030012
https://dx.doi.org/10.1161/CIRCULATIONAHA.120.047086
https://dx.doi.org/10.1161/CIRCULATIONAHA.120.047086
https://dx.doi.org/10.1056/NEJMoa050496
https://dx.doi.org/10.1056/NEJMoa0906431
https://dx.doi.org/10.1056/NEJMoa0906431
https://dx.doi.org/10.1056/NEJMoa013474
https://dx.doi.org/10.1056/NEJMoa043399
https://dx.doi.org/10.1056/NEJMoa043399
https://dx.doi.org/10.1056/NEJMoa033088
https://dx.doi.org/10.1056/NEJMoa033088
https://dx.doi.org/10.1056/NEJMoa1806640
https://dx.doi.org/10.1056/NEJMoa1806640
https://dx.doi.org/10.1056/NEJMoa1805374
https://dx.doi.org/10.1016/j.jacc.2017.08.010
https://dx.doi.org/10.1016/j.jacc.2017.08.010
https://dx.doi.org/10.1161/CIRCULATIONAHA.110.960898
https://dx.doi.org/10.1161/CIRCULATIONAHA.110.960898
https://dx.doi.org/10.1056/NEJMoa1306687
https://dx.doi.org/10.1056/NEJMoa1306687
https://dx.doi.org/10.1056/NEJMoa1608029
https://dx.doi.org/10.1056/NEJMoa1608029
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamacardio.2019.5971?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.10262
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamacardio.2019.5980?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.10262
https://dx.doi.org/10.1016/S0735-1097(03)00947-1
https://dx.doi.org/10.1016/S0735-1097(03)00947-1
https://dx.doi.org/10.1016/j.jacc.2018.09.020
https://dx.doi.org/10.1016/j.jacc.2018.09.020
https://www.ncbi.nlm.nih.gov/pubmed/31167558
https://www.ncbi.nlm.nih.gov/pubmed/31167558
https://dx.doi.org/10.1093/eurheartj/ehz486
https://dx.doi.org/10.1093/eurheartj/ehz486
https://dx.doi.org/10.1056/NEJMoa1307684
https://dx.doi.org/10.1056/NEJMoa1307684
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2016.10260?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.10262
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2016.10260?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.10262
https://dx.doi.org/10.1093/eurjhf/hfp085
https://dx.doi.org/10.1056/NEJMoa1707855
https://dx.doi.org/10.1002/ejhf.821
https://dx.doi.org/10.1161/CIR.0000000000000664
https://dx.doi.org/10.1016/j.jacc.2019.12.059
https://dx.doi.org/10.1016/j.jacc.2019.12.059
https://dx.doi.org/10.1038/s41598-017-04949-2
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.10262


97. Brater DC. Disposition and response to
bumetanide and furosemide. Am J Cardiol. 1986;57
(2):20A-25A. doi:10.1016/0002-9149(86)91002-7

98. Dormans TP, van Meyel JJ, Gerlag PG, Tan Y,
Russel FG, Smits P. Diuretic efficacy of high dose
furosemide in severe heart failure: bolus injection
versus continuous infusion. J Am Coll Cardiol. 1996;
28(2):376-382. doi:10.1016/0735-1097(96)00161-1

99. Perera D, Clayton T, Petrie MC, et al; REVIVED
investigators. Percutaneous revascularization for
ischemic ventricular dysfunction: rationale and
design of the REVIVED-BCIS2 trial: percutaneous
coronary intervention for ischemic
cardiomyopathy. JACC Heart Fail. 2018;6(6):517-526.
doi:10.1016/j.jchf.2018.01.024

100. Velazquez EJ, Lee KL, Deja MA, et al; STICH
Investigators. Coronary-artery bypass surgery in
patients with left ventricular dysfunction. N Engl J
Med. 2011;364(17):1607-1616. doi:10.1056/
NEJMoa1100356

101. Velazquez EJ, Lee KL, Jones RH, et al; STICHES
Investigators. Coronary-artery bypass surgery in
patients with ischemic cardiomyopathy. N Engl J Med.
2016;374(16):1511-1520. doi:10.1056/
NEJMoa1602001

102. Yancy CW. Heart failure in African Americans.
Am J Cardiol. 2005;96(7B):3i-12i. doi:10.1016/j.
amjcard.2005.07.028

103. Shi V, Senni M, Streefkerk H, Modgill V, Zhou
W, Kaplan A. Angioedema in heart failure patients
treated with sacubitril/valsartan (LCZ696) or
enalapril in the PARADIGM-HF study. Int J Cardiol.
2018;264:118-123. doi:10.1016/j.ijcard.2018.03.121

104. Colvin M, Sweitzer NK, Albert NM, et al. Heart
failure in non-caucasians, women, and older adults:
a white paper on special populations from the Heart
Failure Society of America Guideline Committee.
J Card Fail. 2015;21(8):674-693. doi:10.1016/j.
cardfail.2015.05.013

105. Austin J, Williams R, Ross L, Moseley L,
Hutchison S. Randomised controlled trial of cardiac
rehabilitation in elderly patients with heart failure.
Eur J Heart Fail. 2005;7(3):411-417. doi:10.1016/j.
ejheart.2004.10.004

106. Piña IL, Apstein CS, Balady GJ, et al; American
Heart Association Committee on exercise,
rehabilitation, and prevention. Exercise and heart
failure: A statement from the American Heart
Association Committee on exercise, rehabilitation,
and prevention. Circulation. 2003;107(8):1210-1225.
doi:10.1161/01.CIR.0000055013.92097.40

107. O’Connor CM, Whellan DJ, Lee KL, et al;
HF-ACTION Investigators. Efficacy and safety of
exercise training in patients with chronic heart
failure: HF-ACTION randomized controlled trial. JAMA.
2009;301(14):1439-1450. doi:10.1001/jama.2009.
454

108. Barker WH, Mullooly JP, Getchell W. Changing
incidence and survival for heart failure in a
well-defined older population, 1970-1974 and
1990-1994. Circulation. 2006;113(6):799-805. doi:
10.1161/CIRCULATIONAHA.104.492033

109. Tsao CW, Lyass A, Enserro D, et al. Temporal
trends in the incidence of and mortality associated
with heart failure with preserved and reduced
ejection fraction. JACC Heart Fail. 2018;6(8):678-685.
doi:10.1016/j.jchf.2018.03.006

110. Ouwerkerk W, Voors AA, Zwinderman AH.
Factors influencing the predictive power of models
for predicting mortality and/or heart failure
hospitalization in patients with heart failure. JACC
Heart Fail. 2014;2(5):429-436. doi:10.1016/j.jchf.
2014.04.006

111. Rahimi K, Bennett D, Conrad N, et al. Risk
prediction in patients with heart failure:
a systematic review and analysis. JACC Heart Fail.
2014;2(5):440-446. doi:10.1016/j.jchf.2014.04.008

112. Simpson J, Jhund PS, Lund LH, et al.
Prognostic Models derived in PARADIGM-HF and
validated in ATMOSPHERE and the Swedish Heart
Failure Registry to predict mortality and morbidity
in chronic heart failure. JAMA Cardiol. 2020;5(4):
432-441. doi:10.1001/jamacardio.2019.5850

Clinical Review & Education Review Heart Failure With Reduced Ejection Fraction: A Review

504 JAMA August 4, 2020 Volume 324, Number 5 (Reprinted) jama.com

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by Piergiorgio Gigliotti on 08/05/2020

https://dx.doi.org/10.1016/0002-9149(86)91002-7
https://dx.doi.org/10.1016/0735-1097(96)00161-1
https://dx.doi.org/10.1016/j.jchf.2018.01.024
https://dx.doi.org/10.1056/NEJMoa1100356
https://dx.doi.org/10.1056/NEJMoa1100356
https://dx.doi.org/10.1056/NEJMoa1602001
https://dx.doi.org/10.1056/NEJMoa1602001
https://dx.doi.org/10.1016/j.amjcard.2005.07.028
https://dx.doi.org/10.1016/j.amjcard.2005.07.028
https://dx.doi.org/10.1016/j.ijcard.2018.03.121
https://dx.doi.org/10.1016/j.cardfail.2015.05.013
https://dx.doi.org/10.1016/j.cardfail.2015.05.013
https://dx.doi.org/10.1016/j.ejheart.2004.10.004
https://dx.doi.org/10.1016/j.ejheart.2004.10.004
https://dx.doi.org/10.1161/01.CIR.0000055013.92097.40
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2009.454?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.10262
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2009.454?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.10262
https://dx.doi.org/10.1161/CIRCULATIONAHA.104.492033
https://dx.doi.org/10.1016/j.jchf.2018.03.006
https://dx.doi.org/10.1016/j.jchf.2014.04.006
https://dx.doi.org/10.1016/j.jchf.2014.04.006
https://dx.doi.org/10.1016/j.jchf.2014.04.008
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamacardio.2019.5850?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.10262
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.10262

