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Karl Swedberg 

Heart rate reduction in heart failure 
and angina: A paradox? 



Increase of CV risk with baseline HR at rest  
24913 patients with CAD (CASS registry),  
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Diaz et al, EHJ 2005 

Relative 

risk 

  1.05  [0.94-1.18] 

1.07 [0.94-1.21] 

1.14 [1.00-1.29] 

1.31 [1.15-1.48] 



Relative risk of primary composite endpoint in the 
placebo group divided by quintiles of heart rate 

Böhm et al Lancet 2010 
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Heart rate reduction in sinus rhythm 

 Digoxin 

 Verapamil 

 Betablockade 

 Sinus node inhibition 



Ivabradine: pure heart rate reduction 

 If inhibition reduces the diastolic depolarization slope, thereby lowering heart rate 

RR 
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Thollon et al. Br J Pharmacol. 1994;112:37-42. 



   Investigator’s meeting Copenhagen– 6th March 2009 

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) 



Fox K, et al. Lancet. 2008. 

 

Outcome of primary endpoint 
Cardiovascular death or admission to 

hospital for myocardial infarction or 

new-onset or worsening heart failure 
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Ivabradine 

 
 

 
 

P=0.001 

HR = 0.64 (0.49 – 0.84) 
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- 36% 

On top optimal preventive therapy 

Fox K, et al. Lancet. 2008;372:817-821. 

 

Ivabradine reduces MI in CAD 
with LVSD (HR ≥ 70 bpm) 



 Ivabradine reduces composite  of CV 

death,  non-fatal MI or CHF hospitalization 

in CAD with angina and LVSD  

 

HR (95% CI), 0.76 (0.58–

1.00), P=0.05 

Years 

HR (95% CI),  

0.69 (0.47–1.01), P=0.06 

Years 
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Angina 

(n = 1507) 

Angina and HR >70 bpm 

(n = 712)  

24% 31% Placebo 

Ivabradine 

Placebo 

Ivabradine 

Fox K, et al. Eur Heart J. 2009; 30:2337-2345 . 



  

 

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 OR 

Hospitalisation for worsening heart failure 

Ivabradine 

5 mg bid 

Matching placebo, bid 

Run-in 

7 to 30 days 

D014 D028 ASSE Every  4 months D000 M004 

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

tolerability 

Study Conduct 

Swedberg K, et al. Lancet. 2010. 



Background  
beta-blocker treatment 
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Swedberg K, et al. Lancet. 2010. 



Mean heart rate reduction  
 

Mean ivabradine dose:  6.4 mg bid at 1 month 

     6.5 mg bid at 1 year  
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Swedberg K, et al. Lancet. 2010. 



0 6 12 18 24 30 

Months 

40 

30 

20 

10 

0 

Primary composite endpoint 
 (CV death or hospital admission for worsening HF) 
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HR (95% CI), 0.82 (0.75–0.90),  

p<0.0001 

Swedberg K, et al. Lancet. 2010. 
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HR (95% CI), 0.74 (0.66–0.83),  

p<0.0001 

Swedberg K, et al. Lancet. 2010. 



Effect of ivabradine on outcomes  

Endpoints Hazard ratio 95% CI p value 

Primary composite endpoint 0.82 [0.75;0.90] p<0.0001 

All-cause death 0.90 [0.80;1.02] p=0.092 

Death from HF 0.74 [0.58;0.94] p=0.014 

Hospitalisation for any cause 0.89 [0.82;0.96] p=0.003 

Hospitalisation for CV reason 0.85 [0.78;0.92] p=0.0002 

CV death/hospitalisation for HF 

or non-fatal MI 

0.82 [0.74;0.89] p<0.0001 

Swedberg K, et al. Lancet 2010. 



Primary composite endpoint according to heart rate 
achieved at D28* in the ivabradine group 

≥75 bpm 
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P < 0.0001 

After Adjustment of Ivabradine Effect  for Change in Heart Rate at 28 days: 

HR 0.95  (0.85 – 1.06), P = 0.352 
Böhm et al, Lancet, 2010. 



Fox K, Ford I, Steg PG, Tardif JC, Tendera M, Ferrari R. N Eng J Med. 2014 August 31. DOI:10.1056/NEJMoa1406430. 



Study outcomes 
•  Events: 2.8% PY placebo,  N=19 102    
•  Median  follow-up:  27.8  months 
•  51 countries - 1139 centres 

Population 
• 55 years, stable CAD 
• With at least one other CV risk factor 

(including angina CCS class II) 
• Without clinical heart failure (LVEF >40%) 
• HR 70 bpm  

Primary composite end point: cardiovascular death or nonfatal myocardial infarction 
• Primary analysis: ivabradine versus placebo on primary end point 
• Prespecified  analysis: in patients with angina CCS class ≥II on primary end point

Ivabradine 

7.5 mg bid 

Matching placebo, bid 

Run-in 

14 to 30 days 

M1 M2 Every  6 

months 
D0 M3 

Ivabradine 5, 7.5, or 10 mg bid according to heart 

rate (target 55-60 bpm) and tolerability 

M6 

Study design 

Fox K et al. Am Heart J. 2013;166:654-661. 



Ivabradine n=654 (3.03% PY)        Placebo n=611 (2.82% PY) 

HR = 1.08 [95% CI 0.96-1.20]  P=0.20 

Primary composite end point 
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Fox K, Ford I, Steg PG, Tardif JC, Tendera M, Ferrari R. N Eng J Med. 2014 August 31. DOI:10.1056/NEJMoa1406430. 



Primary composite end point 
(angina population: CCS class ≥II, n=12 049) 

Ivabradine n=459 (3.37% PY)        Placebo n=390 (2.86% PY) 

HR = 1.18 [95% CI 1.03-1.35]  P=0.018 
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Fox K, Ford I, Steg PG, Tardif JC, Tendera M, Ferrari R. N Eng J Med. 2014 August 31. DOI:10.1056/NEJMoa1406430. 



Components of primary composite end 
point (angina population: CCS class ≥II, n=12 049) 
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Ivabradine n=235 (1.72% PY)        

Placebo n=200 (1.47% PY) 

HR = 1.18 [95% CI 0.97-1.42]  P=0.09 

Ivabradine n=245 (1.76% PY)        

Placebo n=210 (1.51% PY) 

HR = 1.16 [95% CI 0.97-1.40]  P=0.11 

Cardiovascular death Nonfatal myocardial infarction 

Fox K, Ford I, Steg PG, Tardif JC, Tendera M, Ferrari R. N Eng J Med. 2014 August 31. DOI:10.1056/NEJMoa1406430. 



Impact of ivabradine on PEP     
in prespecified subgroups 

Fox K, et al. New Engl J Med. 2014;371:1091-9. 



Adverse events of ivabradine  
in stable CAD patients without HF 

Fox K, et al. New Engl J Med. 2014;371:1091-9. 



Are the effects in SIGNIFY in contrast 
to other heart rate lowering 

interventions? 
 



In stable CAD there is no impact  
of HR lowering by beta-blockade on outcomes 

Andersson C, et al. J Am Coll Cardiol. 2014;64:247-52. Bangalore S, et al. JAMA. 2012;308:1340-1349. 



How to explain discrepancies between 
Signify, BEAUTIFUL and SHIFT?  

 Spurious finding. Subgroup in a neutral 
study. 

 Reduction of heart rate in patients with 
angina on top of beta-blockade (87%) is 
ineffective.  

 Myocardial metabolism in stable CAD and 
LV-dysfunction very different and heart rate 
sensitive 

 



Heart rate reduction in angina and 
systolic heart failure –a paradox? 

 In angina – heart rate is reduced to adapt 
energy production to oxygen delivery 

 In heart failure – heart rate is reduced to 
adapt energy consumption to ATP-synthesis 



 



Adaptations to systolic heart failure 

 Hypertrophy 

 ATP-synthesis per myofibrill decreases 

 Increased sympathetic activity 

 Myocardial norepinephrine depletion 

 Protein synthesis abnormal and more fetal  

 Increase in heart rate 



Myocardial norepinephrine depletion 

Thus, norepinephrine depletion interferes with the ability 

of the adrenergic nervous system to support the failing 

myocardium and in this manner it may intensify the 

congestive heart failure state. 

Circ Research 1966; 21:51  



ATP-synthesis 



Focus on myocardial energy balance 1966-73 

 There is a biochemical defect in the failing heart due 
to impairment of oxidative phosphorylation 
  Chidsey et al J Clin Invest 1966 

 

 Positive inotropy can increase the amount of 
ischemic damage and negative inotropy reduces the 
extent of necrosis 

 

 The depression of myocardial contractility in the 
chronically overloaded heart might prolong life 

                          Katz AM; Circulation 1973 

 

 



Heart rate 

ATP-synthesis/myofibrill 

  Normal 

DCM 



Myocardial release of noradrenaline 
and lactate 

Release of 
noradrenaline and 
lactate from dog 
hearts after coronary 
occlusion 

 

 

 

 

Wollenberger et al: 

Proceedings 1967 



 



CK release from rat heart perfused with 
various concentrations of noradrenaline 

 

Waldenstrom AP, et al: Am Heart J. 1978 

 



Release of ASAT from ischemic rat-hearts with 
and without noradrenaline 

 

Waldenstrom AP et al: Journal of Molecular Medicine 1977  



Worsening heart failure (WHF) or ACS 
in SHIFT 

During follow-up of 22.9 months of 6588 
patients in SHIFT 

N % 

Worsening 

heart failure  

1154 17.7 

Acute coronary 

syndrome 

134 2.1 

Abrahamsson et al EHJ 2013 



Adverse effects of heart rate reduction 
in SIGNIFY 

 Can bradycardia induce ischemia and 
myocardial infarction? 

 Unlikely as bradycardia reduce oxygen 
demand and allows longer coronary 
perfusion. 



Changes in myocardial metabolism in 
chronic systolic heart failure 

Potential mechanisms 

 Myocardial cathecolamine depletion protects 
the myocardium from ischemia and 
infarction 

 ATP-synthesis is more rate dependant than 
in normal myocardium 

 More prolonged diastole allows the ATP-
synthesis to recover 



Conclusions 

 In LV-dysfunction with or without CAD, 
elevated heart rate is a modifiable risk factor. 

 In stable CAD with preserved EF, elevated 
heart rate is a risk marker 

 The myocardial metabolic adaptation in heart 
failure is very different to a normal situation 

 Heart rate reduction in angina and heart 
failure results in two different situations which 
are actually explained by different metabolic 
backgrounds 



ESC HF Guidelines 2012 

 


