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- HF classification

- Chronic heart failure: epidemiology, 
pathophysiology, diagnosis

- Chronic heart failure: prevention
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- Treatment guidelines of chronic heart
failure with reduced ejection function

- Future treatment directions
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Many clinical classification systems 

- based on symptom severity, as assessed by 
the New York Heart Association functional 
classification system

- on disease progression, as staged from A to D 
in the American College of Cardiology (ACC) 
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and American Heart Association (AHA) 
guidelines. 
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Asymptomatic

A At high risk for HF but without
structural heart disease or symptoms
of HF (e.g., patients with HTN or CAD)

B Structural heart disease but without
symptoms of HF Class I Asymptomatic: No limitation of physical 

activity. Ordinary activity does not cause sxs.

Stages of Heart Failure
ACC/AHA HF Stage1 NYHA Functional Class2

ACC/AHA Guidelines 2013

Symptomatic

C Structural heart disease with prior or
current symptoms of HF

D Refractory/advanced  HF requiring
specialized interventions

activity. Ordinary activity does not cause sxs.

II Symptomatic with moderate exertion. 
Ordinary physical activity causes SOB, fatigue 

IV Symptomatic at rest. Unable to carry on any 
activity without discomfort.

III Symptomatic with minimal exertion. 
Less than usual activity causes sxs



For practical purposes, the most important 
distinctions are those between acute and chronic 
heart failure and between patients with heart 
failure with reduced (� 40%) left ventricular 
ejection fraction and those with heart failure with 
preserved (� 50%) left ventricular ejection 
fraction. 
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fraction. 

To date, almost every drug or device trial 
showing a beneficial treatment effect has enrolled 
patients with chronic heart failure with reduced 
ejection fraction.
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A Key Indicator for Diagnosing Heart 
Failure

Ejection Fraction (EF)
• Ejection Fraction (EF) is the percentage of blood 

that is pumped out of your heart during each 
beat



About 10–20% of patients with heart failure have 
intermediate ejection fraction values. 

The term mid-range ejection fraction has been 
used for patients with an ejection fraction of 40–
49%. 
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The mortality of these patients can be lower than 
that of patients with a reduced ejection fraction, 
whereas their rate of readmission to hospital 
might be similar
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From: 2016 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failureThe 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
Eur Heart J | The article has been co-published with permission in European Heart Journaland European Journal of Heart 
Failure.All rights reserved in respect of European Heart Journal. © European Society of Cardiology 2016. All rights reserved. For 
permissions please email: journals.permissions@oup.com.



The prevalence of HF depends on the definition 
applied, but is approximately 1–2% of the adult 
population in developed countries, rising to � 10% 
among people 70 years of age.

Among people 65 years of age presenting to 
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Among people 65 years of age presenting to 
primary care with breathlessness on exertion, 
one in six will have unrecognized HF (mainly 
HFpEF).

The lifetime risk of HF at age 55 years is 33% for 
men and 28% for women
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Patients with heart failure have a poor prognosis, 
with high rates of hospital admission and 
mortality. 

Implementation of evidence-based treatments 
(neurohormonal antagonists and implantable 
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(neurohormonal antagonists and implantable 
devices) has led to a reduction in the mortality 
rate of patients with heart failure, but rates 
remain high, 

- 6–7% per year in patients with stable heart 
failure

- 25% or more per year in patients admitted to 
hospital with acute heart failure.
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The pathophysiology of heart failure with reduced 
ejection fraction is that of a progressive condition; 

risk factors lead to cardiac injury and then the 
development of myocardial dysfunction (initially 
asymptomatic), and then to worsening symptoms 
until the patient develops end-stage heart failure.
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PathophysiologyPathophysiologyPathophysiologyPathophysiology



Pathologic
remodeling

Low ejection
fraction Death

Sudden
Death

Pump 
failure

Coronary artery 
disease

Hypertension

Cardiomyopathy

Valvular disease

Myocardial
injury

Pathologic Progression of CV Disease

Diabetes

Adapted from Cohn JN. N Engl J Med. 1996;335:490–498.

Symptoms:
Dyspnea
Fatigue
Edema

Chronic
heart

failure

•Neurohormonal
stimulation

•Myocardial 
toxicity

failureValvular disease



Compensatory Mechanisms:Compensatory Mechanisms:
ReninRenin--AngiotensinAngiotensin--Aldosterone SystemAldosterone System

Renin + Angiotensinogen

Angiotensin I

Angiotensin II

Aldosterone Secretion

ACE

Kaliuresis

BetaBeta
StimulationStimulation

•• COCO
•• NaNa++

Fibrosis
Peripheral 

Vasoconstriction

­ Afterload

¯ Cardiac Output

Heart FailureHeart Failure

­ Cardiac Workload

­ Preload

­ Plasma Volume

Salt & Water Retention

Edema

Aldosterone Secretion Fibrosis



Symptoms and SignsSymptoms and SignsSymptomsSymptoms
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DiagnosisDiagnosisDiagnosisDiagnosis



Cardiac MRI has better tissue characterisation and 
spatial resolution that help in the diagnosis of 
inflammatory and infiltrative conditions. However, use of 
cardiac MRI is limited by its cost and incompatibility with 
some devices, including many implantable cardioverter 
defibrillators (ICDs) and pacemakers. 

Single-photon emission CT and PET are useful to assess 
myocardial ischaemia and viability. 
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myocardial ischaemia and viability. 

Coronary angiography and cardiac CT are used to 
diagnose coronary artery disease. Angiography is 
indicated in patients with angina or a medium-to-high pre-
test probability of coronary artery disease and in those 
who are suitable for coronary revascularisation. 
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Prevention of Heart Failure



PreventionPreventionPreventionPrevention



Inhibitors of sodium–glucose cotransporter 2 reduce rates of 
hyperglycemia in patients with type 2 diabetes by decreasing renal 
glucose reabsorption, thereby increasing urinary glucose excretion.

Empagliflozin is a selective inhibitor of sodium glucose cotransporter 
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Empagliflozin is a selective inhibitor of sodium glucose cotransporter 
2 that has been approved for type 2 diabetes. Given as either 
monotherapy or as an add-on therapy, the drug is reported to reduce 
glycated hemoglobin levels in patients with type 2 diabetes, including 
those with stage 2 or 3a chronic kidney disease.

Furthermore, empagliflozin is associated with weight loss and 
reductions in blood pressure without increases in heart rate.

The most common side effects of empagliflozin are urinary tract 
infection and genital infection.
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In the EMPA-REG OUTCOME trial, 7020 patients with a high 
cardiovascular risk were randomly assigned to either a placebo group 
or an empaglifozin group. 

Empaglifozin reduced the primary outcome of death from 
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Empaglifozin reduced the primary outcome of death from 
cardiovascular causes, non-fatal myocardial infarction, or non-fatal 
stroke by 14%, as well as the number of cardiovascular-related 
deaths, hospital admissions due to heart failure, and all cause 
deaths. 

The effects were consistent across different categories (a history of 
heart failure or not) and among those taking different heart failure or 
antidiabetic medications.
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PreventionPreventionPreventionPrevention



In the LEADER study of 9340 patients with cardiovascular disease,

chronic kidney disease, or both, liraglutide (glucagon-like peptide-1 
agonist) reduced the primary outcome of cardiovascular death, non-
fatal myocardial infarction, and non-fatal stroke and the secondary 
outcome of cardiovascular death. 

Additionally, liraglutide reduced the number of hospital admissions 
due to heart failure, although not significantly.
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due to heart failure, although not significantly.

In the FIGHT study, 300 patients with heart failure with reduced 
ejection fraction who had been recently admitted to hospital were 
randomly assigned to liraglutide or placebo groups. 

During the 6 months of follow-up in that study, there was no 
difference between the groups in the primary outcome or in its single 
components of death, readmission to hospital, and decrease in NT-
proBNP concentrations, or in the other secondary endpoints.
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PreventionPreventionPreventionPrevention



Treatment of Heart Failure with 
reduced Ejection Fraction (HFrEF )



From: 2016 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failureThe 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.



TreatmentTreatmentTreatmentTreatment



ACEIs have been shown to reduce mortality and 
morbidity in patients with HFrEF and are 
recommended unless contraindicated or not 
tolerated in all symptomatic patients. 

ACEIs should be up-titrated to the maximum 
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ACEIs should be up-titrated to the maximum 
tolerated dose in order to achieve adequate 
inhibition of the renin–angiotensin–aldosterone 
system (RAAS). 

There is evidence that in clinical practice the 
majority of patients receive suboptimal doses of 
ACEI.
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•There is consensus that beta-blockers and 
ACEIs are complementary, and can be started 
together as soon as the diagnosis of HFrEF is 
made.

•There is no evidence favouring the initiation of 
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•There is no evidence favouring the initiation of 
treatment with a beta-blocker before an ACEI has 
been started.

•Betablockers should be initiated in clinically 
stable patients at a low dose and gradually up-
titrated to the maximum tolerated dose.
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•In patients admitted due to acute HF (AHF) 
beta-blockers should be cautiously initiated in 
hospital, once the patient is stabilized.

•Beta-blockers should be considered for rate 
control in patients with HFrEF and AF, especially 
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control in patients with HFrEF and AF, especially 
in those with high heart rate
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TreatmentTreatmentTreatmentTreatment



•MRAs (spironolactone and eplerenone) block 
receptors that bind aldosterone and, with different 
degrees of affinity, other steroid hormone (e.g. 
corticosteroids, androgens) receptors. 

•Spironolactone or eplerenone are recommended 
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•Spironolactone or eplerenone are recommended 
in all symptomatic patients (despite treatment 
with an ACEI and a beta-blocker) with HFrEF and 
LVEF � 35%, to reduce mortality and HF 
hospitalization
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•ARBs are recommended only as an alternative 
in patients intolerant of an ACEI. 

•Candesartan has been shown to reduce 
cardiovascular mortality.

•Valsartan showed an effect on hospitalization for 
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•Valsartan showed an effect on hospitalization for 
HF (but not on all-cause hospitalizations) in 
patients with HFrEF receiving background ACEIsTr
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TreatmentTreatmentTreatmentTreatment



•Diuretics are recommended to reduce the signs 
and symptoms of congestion in patients with 
HFrEF, but their effects on mortality and morbidity 
have not been studied in RCTs. 

•Loop diuretics produce a more intense and 
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•Loop diuretics produce a more intense and 
shorter diuresis than thiazides, although they act 
synergistically and the combination may be used 
to treat resistant oedema. 

•However, adverse effects are more likely and 
these combinations should only be used with 
care. 
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•The aim of diuretic therapy is to achieve and 
maintain euvolaemia with the lowest achievable 
dose.

•The dose of the diuretic must be adjusted 
according to the individual needs over time. 
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according to the individual needs over time. 

•In selected asymptomatic euvolaemic/ 
hypovolaemic patients, the use of a diuretic drug 
might be (temporarily) discontinued. 

•Patients can be trained to self-adjust their 
diuretic dose based on monitoring of 
symptoms/signs of congestion and daily weight 
measurements.
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TreatmentTreatmentTreatmentTreatment



From: 2016 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failureThe 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.
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Sucubitril-Valsartan



A Comparison of Angiotensin Receptor-
Neprilysin Inhibition (ARNI) With ACE Inhibition 

in the Long -Term Treatment of Chronic Heart in the Long -Term Treatment of Chronic Heart 
Failure With a Reduced Ejection Fraction

Milton Packer, John J.V. McMurray, Akshay S. Desai, Jianjian 
Gong, Martin P. Lefkowitz, Adel R. Rizkala, Jean L. Rouleau, 

Victor C. Shi, Scott D. Solomon, Karl Swedberg and Michael R. 
Zile for the PARADIGM-HF Investigators and Committees



One Enzyme — Neprilysin — Degrades
Many Endogenous Vasoactive Peptides

Endogenous
vasoactive peptides

(natriuretic peptides, adrenomedullin,(natriuretic peptides, adrenomedullin,
bradykinin, substance P,

calcitonin gene-related peptide)

Inactive metabolites

Neprilysin



Neprilysin Inhibition Potentiates Actions of 
Endogenous Vasoactive Peptides That Counter

Maladaptive Mechanisms in Heart Failure

Endogenous
vasoactive peptides

(natriuretic peptides, adrenomedullin,

Neurohormonal 
activation

Vascular tone

Cardiac fibrosis, (natriuretic peptides, adrenomedullin,
bradykinin, substance P,

calcitonin gene-related peptide)

Inactive metabolites

Cardiac fibrosis, 
hypertrophy

Sodium retention

Neprilysin Neprilysin
inhibition



Myocardial or vascular
stress or injury

Mechanisms of Progression in Heart Failure

Increased activity or Decreased activity or 

Evolution and progression
of heart failure

Increased activity or 
response to maladaptive

mechanisms

Decreased activity or 
response to adaptive 

mechanisms



Myocardial or vascular
stress or injury

Mechanisms of Progression in Heart Failure

Increased activity or Decreased activity or 

Evolution and progression
of heart failure

Angiotensin
receptor blocker

Inhibition of 
neprilysin

Increased activity or 
response to maladaptive

mechanisms

Decreased activity or 
response to adaptive 

mechanisms



LCZ696

LCZ696: Angiotensin Receptor Neprilysin Inhibition

Angiotensin
receptor blocker

Inhibition of 
neprilysin



Prospective comparison of AR NI with ACEI to 
Determine I mpact on G lobal M ortality and 

morbidity in H eart Failure trial (PARADIGM -HF)

Aim of the PARADIGM-HF Trial
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LCZ696
400 mg daily

Enalapril
20 mg daily



• NYHA class II-IV heart failure

• LV ejection fraction �  40% � 35%

• BNP �  150 (or NT-proBNP �  600), but one-third 
lower if hospitalized for heart failure within 12 months

PARADIGM-HF: Entry Criteria

• Any use of ACE inhibitor or ARB, but able to 
tolerate stable dose equivalent to at least enalapril 10 mg 
daily for at least 4 weeks

• Guideline-recommended use of beta-blockers and 
mineralocorticoid receptor antagonists

• Systolic BP �  95 mm Hg, eGFR �  30 ml/min/1.73 
m2 and serum K �  5.4 mEq/L at randomization



Single-blind run-in period Double-blind period

LCZ696 200 mg BID

PARADIGM-HF: Study Design

Randomization

2 weeks1-2 weeks2-4 weeks

(1:1 randomization)

Enalapril

10 mg
BID

100 mg
BID

100 mg
BID

200 mg
BID

Enalapril 10 mg BID

LCZ696LCZ696LCZ696



PARADIGM-HF Was Designed to Show 
Incremental Effect on Cardiovascular Death 

The sample size of the trial was determined by effect on 

Primary endpoint was cardiovascular death or 
hospitalization for heart failure, but PARADIGM -HF was 

designed as a cardiovascular mortality trial

The sample size of the trial was determined by effect on 
cardiovascular mortality , not the primary endpoint 

The Data Monitoring Committee was allowed to stop the 
trial only for a compelling effect on cardiovascular 

mortality (in addition to the primary endpoint)

Difference in cardiovascular mortality of 15% between 
LCZ696 and enalapril was prospectively identified as 

being clinically important (n=8000 yielded 80% power)



10,521 patients screened at
1043 centers in 47 countries

Did not fulfill criteria
for randomization

(n=2079)

Randomized erroneously 
or at sites closed due to 
GCP violations (n=43)

8399 patients randomized for ITT analysis

PARADIGM-HF: Patient Disposition

8399 patients randomized for ITT analysis

LCZ696 (n=4187)

At last visit

375 mg daily 
11 lost to follow-up

Enalapril (n=4212)

At last visit

18.9 mg daily 
9 lost to follow-up

median 27 months
of follow-up



LCZ696
(n=4187)

Enalapril
(n=4212)

Age (years) 63.8 � 11.5 63.8 � 11.3

Women (%) 21.0% 22.6%

Ischemic cardiomyopathy (%) 59.9% 60.1%

LV ejection fraction (%) 29.6 � 6.1 29.4 � 6.3

NYHA functional class II / III (%) 71.6% /  23.1% 69.4% / 24.9%

PARADIGM-HF: Baseline Characteristics

NYHA functional class II / III (%) 71.6% /  23.1% 69.4% / 24.9%

Systolic blood pressure (mm Hg) 122 � 15 121 � 15

Heart rate (beats/min) 72 � 12 73 � 12

N-terminal pro-BNP (pg/ml) 1631 (885-3154) 1594 (886-3305)

B-type natriuretic peptide (pg/ml) 255 (155-474) 251 (153-465)

History of diabetes 35% 35%

Digitalis 29.3% 31.2%

Beta-adrenergic blockers 93.1% 92.9%

Mineralocorticoid antagonists 54.2% 57.0%

ICD and/or CRT 16.5% 16.3%
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(n=4212)

PARADIGM-HF: Cardiovascular Death or Heart 
Failure Hospitalization (Primary Endpoint)
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PARADIGM-HF: Cardiovascular Death or Heart 
Failure Hospitalization (Primary Endpoint)
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(n=4187)

HR = 0.80 (0.73-0.87)
P = 0.0000002

Number needed to treat = 21
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PARADIGM-HF: Cardiovascular Death
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Enalapril
(n=4212)HR = 0.80 (0.71-0.89)

P = 0.00004
Number need to treat = 32
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PARADIGM-HF: Cardiovascular Death
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LCZ696
(n=4187)

Enalapril
(n=4212)

Hazard 
Ratio

(95% CI)

P
Value

Primary 
endpoint

914
(21.8%)

1117
(26.5%)

0.80
(0.73-0.87)

0.0000002

PARADIGM-HF: Effect of LCZ696 vs Enalapril 
on Primary Endpoint and Its Components

endpoint (21.8%) (26.5%) (0.73-0.87)
0.0000002

Cardiovascular 
death

558
(13.3%)

693
(16.5%)

0.80
(0.71-0.89)

0.00004

Hospitalization 
for heart failure

537
(12.8%)

658
(15.6%)

0.79
(0.71- 0.89)

0.00004



LCZ696 vs Enalapril on Primary Endpoint and 
on Cardiovascular Death, by Subgroups

Primary
endpoint

Cardiovascular
death



PARADIGM-HF: All-Cause Mortality

Enalapril
(n=4212)HR = 0.84 (0.76-0.93)

P<0.0001
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LCZ696
(n=4187)

Enalapril
(n=4212)

P
Value

Prospectively identified adverse events

Symptomatic hypotension 588 388 < 0.001

Serum potassium > 6.0 mmol/l 181 236 0.007

Serum creatinine �  2.5 mg/dl 139 188 0.007

Cough 474 601 < 0.001

PARADIGM-HF: Adverse Events

Cough 474 601 < 0.001

Discontinuation for adverse event 449 516 0.02

Discontinuation for hypotension 36 29 NS

Discontinuation for hyperkalemia 11 15 NS

Discontinuation for renal impairment 29 59 0.001

Angioedema (adjudicated)

Medications, no hospitalization 16 9 NS

Hospitalized; no airway compromise 3 1 NS

Airway compromise 0 0 ----



In heart failure with reduced ejection fraction, wh en 
compared with recommended doses of enalapril:

LCZ696 was more effective than enalapril in . . .
• Reducing the risk of CV death and HF hospitalization
• Reducing the risk of CV death by incremental 20%
• Reducing the risk of HF hospitalization by incremental 21%

PARADIGM-HF: Summary of Findings

• Reducing the risk of HF hospitalization by incremental 21%
• Reducing all-cause mortality by incremental 16%
• Incrementally improving symptoms and physical limitations

LCZ696 was better tolerated than enalapril . . .
• Less likely to cause cough, hyperkalemia or renal impairment
• Less likely to be discontinued due to an adverse event
• More hypotension, but no increase in discontinuations
• Not more likely to cause serious angioedema



•A new compound (LCZ696) that combines the moieties 
of an ARB (valsartan) and a neprilysin (NEP) inhibitor 
(sacubitril) has recently been shown to be superior to an 
ACEI (enalapril) in reducing the risk of death and of 
hospitalization for HF in a single trial with strict inclusion/ 
exclusion criteria.
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exclusion criteria.

•Sacubitril/valsartan is therefore recommended to replace 
ACEIs in ambulatory HFrEF patients who remain 
symptomatic despite optimal therapy and who fit these 
trial criteria.

•To decrease the risk of angio-oedema, a  washout period 
for the ACE inhibitor of at least 36 h is essential.

Tr
ea

tm
en

t
Tr

ea
tm

en
t



• NYHA class II-IV heart failure

• LV ejection fraction �  40% � 35%

• BNP �  150 (or NT-proBNP �  600), but one-third 
lower if hospitalized for heart failure within 12 months

PARADIGM-HF: Entry Criteria

• Any use of ACE inhibitor or ARB, but able to 
tolerate stable dose equivalent to at least enalapril 10 mg 
daily for at least 4 weeks

• Guideline-recommended use of beta-blockers and 
mineralocorticoid receptor antagonists

• Systolic BP �  95 mm Hg, eGFR �  30 ml/min/1.73 
m2 and serum K �  5.4 mEq/L at randomization
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•Previous concerns about neprilysin inhibition, including 
increasing � -amyloid protein concentration in the central 
nervous system—a possible risk factor for Alzheimer’s 
dementia—have been partially addressed, although 
further investigations will be done in other trials (eg, 
NCT01920711 and NCT02884206)
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Ivabradine and Outcomes in Chronic Heart Failure 
(SHIFT): a Randomised Controlled Placebo Study
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The Lancet, 2010, 376: 875-85
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•Ivabradine slows the heart rate through inhibition of the If 
channel in the sinus node and therefore should only be 
used for patients in sinus rhythm. 

•The European Medicines Agency (EMA) approved 
ivabradine for use in Europe in patients with HFrEF with 
LVEF � 35% and in sinus rhythm with a resting heart rate 

Tr
ea

tm
en

t
Tr

ea
tm

en
t

LVEF � 35% and in sinus rhythm with a resting heart rate 
� 75 bpm, because in this group ivabradine conferred a 
survival benefit based on a retrospective subgroup 
analysis requested by the EMA.
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Future Directions for Treatment



Omecamtiv mecarbil, a cardiac myosin activator that directly 
improves cardiac function, has shown favourable results in initial 
studies.
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In a study of 450 patients with heart failure with reduced ejection 
fraction (COSMIC-HF), 20 weeks of oral omecamtiv mecarbil
decreased ventricular dimensions and volumes, increased stroke 
volume and ejection fraction, and reduced heart rate and NT-proBNP
concentrations.

Omecamtiv mecarbil is being investigated in an outcomes trial of 
8000 patients (GALACTIC-HF; NCT02929329).
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Vericiguat is a soluble guanylate cyclase stimulator that 
augments nitric oxide production. 

Vericiguat has been studied in phase 2 trials of patients 
with heart failure with reduced or preserved ejection 
fraction, and is being evaluated in a large phase 3 trial of 
patients with reduced ejection fraction (VICTORIA; 
NCT02861534).
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Vericiguat was well tolerated, did not change NT-proBNP
and LAV at 12 weeks compared with placebo but was 
associated with improvements in quality of life in patients 
with HFpEF. 

Given the encouraging results on quality of life, the 
effects of vericiguat in patients with HFpEF warrant 
further study, possibly with higher doses, longer follow-up 
and additional endpoints
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