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Symptomatic heart failure + reduced ejection fraction

Diuretic + ACE inhibitor (or ARB) 

Titrate to clinical stability

Betablocker 

Persisting 

signs and 

symptoms?
Yes No

ADD aldosterone antagonist OR ARB

Persisting 

symptoms?

No
Yes

LV ejection 

fraction < 35%?

Yes No

Consider ICD No further 

treatment

QRS duration > 

120 msec? 

Yes No

Consider: digoxin, 

hydralazine/nitrate 

LVAD, transplantation

Consider: 

CRT or CRT-D

Detect major                    

Co-morbidities and 

Precipitating Factors

Non-cardiovascular
Anemia

Pulmonary disease

Renal dysfunction

Thyroid dysfunction

Diabetes

Cardiovascular
Ischemia/CAD

Hypertension

Valvular dysfunction

Diastolic dysfunction

Atrial fibrillation

Ventricular dysrhythmia

Bradycardia
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Candesartan

%

HR 0.88 (95% CI 0.79-0.98)

p=0.018

Number at risk

Candesartan 2289 2105 1894 1382

Placebo 2287 2023 1811 1333

708 (31.0%)

642 (28.0%)

HR 0.67

p<0.001
HR 0.80

p=0.001

Young et al. Circulation 2004

CHARM - Low EF
(Alternative and Added)

All-cause death
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Effect of candesartan compared to placebo on the 
risk of CV death or HF hospitalization by baseline 

systolic blood pressure

SBP mmHg

CV death or HF hospitalization (rate per 1000 pt yrs)
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Angiotensinogen

Angiotensin I

Angiotensin II

Bradykinin Inactive

Fragments

ACE

AT1

B2, NO

Renin

• cough

• vasodilation

•  platelet agg

•  ischemia

• + inotropic 

• Vasodilation

• Antiproliferation

(kinins)

AT2

Renin-Angiotensin System



Angiotensin receptor blocker neprilysin inhibitor
ARNI
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PARADIGM

Design Randomized, double-blind, parallel group, active-controlled study to evaluate the efficacy and safety study

Primary 
objectives

Evaluate if LCZ696 is superior in delaying time to first occurrence of either CV mortality or HF 
hospitalization in CHF pts (NYHA Class II – IV) with reduced ejection fraction 

Secondary 
objectives

 Clinical summary score (assessed by KCCQ)

 Clinical composite score (changes in NYHA and patient global assessment)

General 
overview

Patients will remain in the trial until either (1) the projected number of primary endpoint is reached, or (2) 
the trial is terminated prematurely at the recommendation of the DMC when pre-specified early-stopping 
criteria for efficacy or safety criteria are met

Duration ~39 mo (18 mo enrollment + 21 mo after LPFV); 1638 primary events expected

LCZ696 200 mg BID

Enalapril 10 mg BID

Mean follow-up = 30 mo1-2 weeks

LCZ 50 mg bid

LCZ 100 mg bid

LCZ 200 mg bid

1-2 weeks 1-2 weeks

Prior ACEi/ARB use discontinued

Single-blind period
Double-blind period

N = 5430 (1:1 randomization)



Treating anaemia in HF with an ESP?

Treating anaemia in HF



Anemia and mortality

Tang and Katz, Circulation 2006 

In CHF anemia is an independent predictor of increased 
mortality. 

Increased risk of death by decrease of Hb 1 g/dl



Clinical characteristics associated with 
increased risk of anemia in HF

• Advanced age

• Female gender

• Chronic renal disease

• Severity of heart failure

• Acute (vs chronic) settings

• Other co-morbidities

• Decreased BMI

• Use of ACE-inhibitors
Tang and Katz, Circulation 2006 



Treatment Options for Anaemia in CHF

 Blood transfusions

Demetri GD et al. Br J Cancer 2001

 Erythropoietic agents in combination with intravenous (iv) 

iron therapy or with Vit B12/Folate

Silverberg D et al. J Am Coll Cardiol 2000 + 2001

Mancini DM et al., Circulation 2003

 Iron (oral or iv)

FAIR-HF



Aerobic enzymes

Peak VO2

ATP

O2

O2 utilizationO2 delivery

Hemoglobin

Iron deficiency

mitochondrion Oxidative 

phosphorylation

Haas et al, J Nutr 2001

Dallman et al, J I Med 1989

Iron, peak VO2 & energy production





Study Design FAIR-HF
Ferinject ® (iv iron) vs Placebo in addition to

standard therapy in CHF patienten with iron defficiency

Ferinject (iv Ferric Carboxymaltose), n=294
weekly to 4-weekly, 4(2)mL bolus

Placebo, n=147

2:1 – total 441 pat.
Screening

R

W 1 W 2 W 3 W 4 W 8

follow-up
6 months

1º: NYHA & PGA

• Multi-center, double-blind, randomized

• Exec. Committee: P. Poole-Wilson (chair), SD Anker (co-chair), P. Ponikowski,

T. Lüscher, R. Willenheimer, H. Drexler, G. Filippatos, K. Dickstein

• Inclusion: functional ID & Hb 9.5–13.5  &  LVEF ≤40% (II) or ≤45% (III)

• Treatment stop: Hb>16 or ferritin >600 or TSAT>50%

Design



• FCM improved self-reported PGA scores at week 24

• Odds ratio: 2.51 (95% CI 1.75,3.61), P<0.0001

Primary Endpoint:

Patient Global Assessment at Week 24



• FCM improved NYHA functional class at week 24

• Odds ratio: 2.40 (95% CI 1.55,3.71), P<0.0001*

*adjusted for baseline

Primary Endpoint:

NYHA Functional Class at Week 24



•Secondary Endpoints:

PGA & NYHA Class in Predefined Subgroups



Treatment Options for Anaemia in CHF

 Blood transfusions

Demetri GD et al. Br J Cancer 2001

 Erythropoietic agents in combination with intravenous (iv) 

iron therapy or with Vit B12/Folate

Silverberg D et al. J Am Coll Cardiol 2000 + 2001

Mancini DM et al., Circulation 2003

 Iron (oral or iv)

FAIR-HF

 Erythropoietic agents alone  (iron permitted)

RED-HF



Darbepoetin alfa group (target hemoglobin 13.0 to 14.5 g/dL)

Placebo group

Study Population

 Hemoglobin 9 to 12 g/dL

 LVEF < 35%

 NYHA Class II to IV

N = 1200

N = 1200

Approximately 620 global sites

Hypothesis:

Treatment of anemia with darbepoetin alfa in subjects with symptomatic left ventricular systolic 

dysfunction and anemia decreases the risk of all-cause mortality or hospital admission for 

worsening HF

1:1 randomization

RED-HF Trial: Hypothesis and Study Design

Event driven: ~1450 eventsBegin enrolling Q2 2006

Timelines

Site Evaluation & 

Selection

Enrollment 

16 months

Follow-up 

18 months







Diuretics and heart failure

 Diuretics are mainstay of therapy for acute 
heart failure (given to > 90% of pts in 
ADHERE)

 Relieve symptoms of dyspnea and edema in 
most patients

 Associated with variety of problems:

Electrolyte abnormalities

Activation of RAAS and SNS

Diuretic resistance

Increased mortality?
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Arginine Vasopressin

V1a Blood vessels

Myocardium

V2 Renal tubules

Tolvaptan

0

1

2

3

4

Median Plasma AVP (pg/mL) 

in SOLVD Trial1

Control          Prevention       Treatment

(1.4-2.3)            (1.7-3.0)           (2.3-4.4)

Francis et al. Circulation 1990;82:1724-1729.
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<48 hrs 7 days

Safety

Follow-up

Oral Tolvaptan 30 mg QD (n=2072)

Placebo QD (n=2061)

Randomization

1065 

Deaths

Dual Primary Endpoints: 

• Improvement / non-inferiority in All-cause Mortality

• Improvement in CV death or HF hospitalization

Gheorghiade, et al. J Card Fail. 2005;11:260-269.

Hospitalization

for worsening HF 

Combined Outcome Trial Design
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Peto-Peto Wilcoxon Test: P=0.55

Months In Study

TLV

PLC

TLV 30 mg
PLACEBO
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HR 1.04; 95%CI (.95-1.14)

CV Mortality or HF Hospitalization

Konstam et al JAMA 2007 







• 32 CHF patients randomized XO, placebo/KW-3902





PROTECT

Metra et al ESC Congress Hot Line 2009



Sinus node inhibition



®

Ivabradine inhibits the If current, which slows diastolic depolarization slope

Pure 

heart rate 

reduction

RR

Selective If current inhibition

-70 mV

-40 mV

0 mV

Specific f-channel binding

DiFrancesco D, Camm AJ. Drugs. 2004.



Ivabradine 5 - 7.5 mg bid

placebo

Y1 Y2 Y3

N = 5000

N = 5000

Run-in

Methods

Events 11%, n=950, RRR: 19%

Power: 90%; alpha bilateral 5% 

Mean follow-up:  2.25 years

850 centers in 33 countries

Population

 55 years or diabetics > 18years

Documented CAD

LV Ejection Fraction < 40%

HR  60 bpm

Combined primary endpoint

Cardiovascular death

Hospitalisation for acute myocardial infarction (MI)

Hospitalisation for new onset or worsening heart failure (HF)



Heart rate

Fox et al Lancet 2008

CV-death

RevascularisationsAMI

Heart failure



Primary outcome

CV-death or hospitalisation for AMI or 

heart failure

Fox et al Lancet 2008





Population

 18 years

Symptomatic CHF, class II to IV NYHA

All etiologies of CHF

Documented hospital admission for worsening heart failure  12 months

LV systolic dysfunction (EF)  35%

HR  70 bpm

Composite primary endpoint

Cardiovascular death

Hospitalisation for worsening heart failure

Ivabradine 

5 mg bid

Matching placebo, bid

Run-in

7 to 30 days

D014 D028ASSE Every  4 monthsD000 M004

Ivabradine 2.5, 5 or 7.5 mg bid according to HR and tolerability



Implications of the results on

SHIFT is specifically designed for a severe HF 

population

With a different study treatment schedule 

With different study population characteristics

Different background treatment 



50% BB target daily dose
(RS = 5618 -03/10/08)

Among patients treated with BB* (n=4911), 52.3 % receive 
at least 50% of the target daily dose

(*:Carvedilol, bisoprolol, nebivolol, metoprolol tartrate, metoprolol succinate; 

393 (8.4%) patients with missing data)

 Overall, 45.7% of all randomised patients (n=5618) receive at 
least 50% of the BB target daily dose
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Study status

 Study follow-up ended March 31 2010

 Presentation in a Hot Line session at 

ESC congress in Stockholm August 29 

 Simultaneous publication in Lancet





Mechanism of Action
Increasing contractility - selected mechanisms

PDE Inhibitors & b-Agonists

PDE inhibitors (eg, milrinone, 
amrinone) inhibit breakdown 
of cAMP to 5 -́AMP

5 -́AMP

ATP

cAMP

adenylate cyclase

ß-receptor

O2 Consumption

Intracellular Ca2+

Levels

cAMP

ß-agonists (eg, dobutamine)
increase conversion of 
ATP to cAMP via activation 
of adenylate cyclase

Varró  and Papp. J Cardiovasc Pharmacol.

Levosimendan (Calcium Sensitiser)

 No significant increase in 
myocardial 
O2 consumption

 No increase in intracellular 
Ca2+ levels

 Mechanism is not dependent 
on cAMP or b-receptors

 Increases contractility by:

– Increasing sensitivity of 

myofilaments to Ca2+

– Increasing number & 

duration of cross-bridge 

attachments



• Amsallem E, et al. Phosphodiesterase III inhibitors for heart failure. 

• Cochrane Database of Systematic Reviews 2005 



• Selective activator of cardiac myosin

• Prolongs duration of systole by

– Increasing entry rate of myosin into force-producing state

– Thus increasing overall number of active cross-bridges

• Increases stroke volume

• No change in dP/dtmax

• No increase in MVO2

Omecamtiv Mecarbil:  A Cardiac Myosin Activator
Preclinical Profile

Vale and Milligan

Science Apr 2000



How Does a Cardiac Myosin Activator Work?

The Chemical and Mechanical Cycles are Linked

Myosin

Actin

Weak-Binding

Strong-Binding

The Actin–Myosin Cycle

Weak Binding
to Strong Binding

Transition



Omecamtiv mecarbil increases the 
transition rate from 

weak to strong binding states

How Does a Cardiac Myosin Activator Work?

The Chemical and Mechanical Cycles are Linked

Myosin

Actin

Weak-Binding

Strong-Binding

Omecamtiv mecarbil thus increases the number 
of “independent force generators” (myosin 
heads) interacting with the actin filament

The Actin–Myosin Cycle





Lipinski et al. JACC 2007







Celltransplantation

 Dose not clear

 Mode of administration not clear

 Target organ reception (homing) not clear

 Progenitor/stem cells function worse in CHF

 Longterm safety not clear

 No solution in sight for clinical applications



Examples of areas of ongoing trials

 Treatment of Depression

 Immunomodulation

 Devices

CRT

Rate control

Home monitoring



Conclusions

 Patients with heart failure are at high risk and 
they are generally undertreated

 Blockade of the neuroendocrine activation is 
the best treatment strategy and should be 
included in the background therapy in chronic 
heart failure

 New treatment options are needed

 Many ongoing trials

 The next 20 years looks as exciting as the 
previous years for further improvement


