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Factors and conditions influencing HR



Resting HR vs. Mortality



Heart Rate as a predictor of



Heart Rate in Heart Failure

• Risk Factor? or Risk Marker?

• Enhanced HR
- marker of excessive neuroendocrine activation

- Beneficial compensatory response, up to certain 

point

- Preserves CO. but,

impaired LV filling, 

↑MO2 consumption  

↓coronary perfusion



HR : Risk Factor? Or Marker?



HR : Risk Factor? Or Marker?
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Ivabradine

• Ivabradine, selective cardiac pacemaker If
current inhibitor

• This improvement in cardiac function is probably 
related not only to the HRR itself but also to 
modifications of LV structure and/or myocyte
properties secondary to long-term HRR.



Ivabradine, Single-center trial

• ↓27% in HR with infusion of 0.15-0.175 mg/kg

• Importantly, this substantial HRR is ac 
preserved CO and significantly enhanced SV



Ivabradine, Multi-center trial

• Randomised, double-blind, placebo-
controlled trials:

• Ivabradine for patients with stable coronary 
artery disease and left-ventricular systolic 
dysfunction (BEAUTIFUL)

- Kim F., et al. Lancet 2008;807-816

• The Systolic Heart Failure Treatment with the 
If Inhibitor Ivabradine Trial (SHIFT)

- Swedberg K., et al. Lancet. 2011;376:875-85



BEAUTIFUL trial

• Addition of ivabradine to standard Tx. can 
reduce CV outcomes, Sx., QOL in HF with 
systolic dysfunction

• 10,917 Pts. Age > 55
CAD, LVEF < 40%, LVIDd > 56mm

Sinus rhythm, RHR > 60 bpm

Appropriate conventional medication

• Exclusion;
MI, revasc < 6M, Stroke, TIA<3 M

Pacemaker, cardioverter etc

SSS, AV block, etc / Severe HF (NYHA IV)



BEAUTIFUL trial

• Primary endpoint:

Composite of CV death, admission due to 

AMI or new-onset or worsening HF

• Secondary endpoint:

All cause mortality, Cardiac and CV death

Admission due to AMI, UA

Coronary revas. Admission due to HF or MI



BEAUTIFUL trial: Results

Mean HR

A. total study population

B. subgroup, HR>70bp,



BEAUTIFUL trial: Results

Did not affect Primary Endpoint

In subgroup(HR>70), reduce Secondary Endpoint



BEAUTIFUL trial: Results

Total study population, N=10,917



BEAUTIFUL trial: Results

Total study population, N=10,917



BEAUTIFUL trial: Results

Total study population, N=10,917



BEAUTIFUL trial: Results

Subgroup, HR > 70 bpm, n=5392



BEAUTIFUL trial: Results

Subgroup, HR > 70 bpm, n=5392

Primary vs. Secondary endpoint



BEAUTIFUL trial: Results

Subgroup, HR > 70 bpm, n=5392

Heart Failure vs. Coronary endpoint

required HRR might differ according to underlying Dz.



BEAUTIFUL trial: Conclusions

• Interpretation:

Reduction in HR with ivabradine does not 
improve cardiac outcome in all patients with 
stable CAD and LV systolic dysfunction.

• Can be given safely to CAD and LV dysfunction, and 
can be used  in conjunction with beta-blockers

• Combination with beta-blcoker was not only safe but 
also improve CAD outcomes in patients with HR 70 
bpm or more



SHIFT trial

• Ivabradine and outcomes in chronic heart 
failure (SHIFT): a randomised placebo-
controlled study

- Swedberg K., et al. Lancet. 2011;376:875-885

• HR as a risk factor in chronic heart failure 
(SHIFT): the association between HR and 
outcomes in a randomised placebo-
controlled study

- Bohm M., et al. Lancet. 2011;376:886-894



SHIFT trial (I): Outcomes in HF

• Ivabradine, in addition to guidelines-based 
Tx. on CV outcomes, Sx, QoL in CHF with 
systolic dysfunction

• 6,558 Pts. Age > 18, 22.9 Mon.



SHIFT trial



SHIFT trial

• Primary endpoint:

Composite of CV death, admission due to 

worsening HF

• Secondary endpoint:

Composite of CV death or admission for 

worsening HF in Pts. receiving at least 50% 

of target daily dose of beta-blocker.

All cause, any CV death

etc



SHIFT trial: Results

Mean HR



SHIFT trial: Results

Primary Endpoint: HR 0.82 (0.75-0.90, p<0.0001)
Mainly by admissions for worsening HF, deaths due to HF



SHIFT trial: Results

A. Primary composite 
endpoint of CV death 
or admission for 
worsening HF

HR 0.82 (0.75-0.90, 

p<0.0001)

B. Admission for 

worsening HF

C. CV death

D. All cause death



SHIFT trial: Results

Effect on Pri. composite endpoint in prespecified subgroups



SHIFT(I) trial: Conclusions

• Interpretation:

Our results support the importance of HR-
reduction with ivabradine for improvement of 
clinical outcomes in HF and confirm the 
important role of HR in the pathophysiology of 
this disorder.



BEAUTIFUL(Subgroup) vs. SHIFT trial



BEAUTIFUL(Subgroup) vs. SHIFT trial

Primary composite endpoint:

Composite of CV death, admission due to AMI or new-

onset or worsening HF    vs. 

Composite of CV death, admission due to worsening HF

BEAUTIFUL-S SHIFT



BEAUTIFUL(Subgroup) vs. SHIFT trial

Adm(A) or CV death or adm.(B) 
for new-onset or worsening HF

Adm(B) for worsening HF 

CV death(C)

BEAUTIFUL-S SHIFT



BEAUTIFUL(Subgroup) vs. SHIFT trial



BEAUTIFUL-S vs. SHIFT trial

Demographic characteristics and Medication history

BEAU.-S SHIFT
n=5392 n=3241

Demographic Characteristics Medication History
Age, Yr. 64.6 60.7 Aspirin, % 94
Sex(M, %) 82 76 ACE +/- ARB, % 90 79/14
Smoking, % 17 17 Beta-blocker, % 84 89
BMI, kg/m2 28.8 28 target dose>50% 56
Inclusion Criteria Antialdo. % 30 61
Resting HR > 60 bpm > 70 bpm Diuretics, % 63 84

Statin 72
CRT, ICD 1 /3



BEAUTIFUL-S vs. SHIFT trial

Medical History and Cardiac Parameters

BEAU.-S SHIFT
n=5392 n=3241

Medical History
HTN, % 72 67
DM, % 42 30
Stroke, % 19 7
MI, % 87 56
PCI, CABG,% 50
Ischemic, % 67
Non-Isc., % 33

Cardiac parameters
HR, bpm 79.2 79.7

SBP, mmHg 128.7 122
DBP, mmHg 78.3 75.7

LVEF, % 32 29
NYHA II, % 59 49
NYHA III, % 27 50



BEAUTIFUL(Subgroup) vs. SHIFT trial

Cardiac parameters and medication history

Dosage

6.18, bid at 1 mo. 
(7.5bid, >40%)

vs.

6.5,bid at 1 mo.

6.5 bid at 1Yr

BEAUTIFUL-S

SHIFT



BEAUTIFUL(Subgroup) vs. SHIFT trial

Adm(A) or CV death or adm.(B) 
for new-onset or worsening HF

Adm(B) for worsening HF 

CV death(C)

BEAUTIFUL-S SHIFT



SHIFT trial (II): HR, Risk Factor in HF

• Analysed CV outcomes in both group, divided 
by quintiles of baseline HR(bpm):

• 70 – 72 – 75 – 80 – 87 < 



SHIFT trial



SHIFT trial



SHIFT trial



SHIFT trial: Results

• (A) Primary composite 

endpoint

• (B) First hospital adm.

for worsening HF

• (C) Cardiovascular deaths 

in placebo group



SHIFT trial: Results

• Effect of ivabradine compared with placebo:

(A) Primary composite endpoint, (B) First hospital admission for 

worsening HF, (C) Cardiovascular deaths



SHIFT trial: Results

• Effect of ivabradine compared with placebo:

The Hazard ration for the effects of ivabradine
relative to placebo, adjusted for progrnostic
factors and for change of heart rate at 28 days, 
was 0.95(CI, 0.85-1.06, p=0.362).



SHIFT trial: Results

• Primary composite endpoint according to HR 
achieved at 28days, in ivabradine group



SHIFT(II) trial: Conclusions

• Interpretation:

Our analysis confirm that high HR is a risk 
factor in HF. Selective lowering of HR with 
ivabradine improves cardiovascular outcomes. 
Heart rate is an important target for treatment 
of heart failure
• Risk of CV outcome increases with HR

• 16% risk in primary outcome/5 bpm

• The beneficial effect neutralized for subsequent 
outcomes after adjustment for change in HR at 28 
days



In Summary,

• Clinical implications of SHIFT trial is:

• Greater attention to simple biomarker, Resting 
Heart Rate

• Ivabradine should be considered, remained 
elevated HR despite of beta-blocker

• May be substitute beta-blocker(?)

• No clear answer according to co-prescription

• Not generalized to overall HF population such 
as AF, LBBB





HR Modulation: SHIFT or Not to SHIFT

• Ivabradine, 

Selective cardiacpacemaker(If)inhibitor

• Enhanced HR: 

If Risk factor, Traget HR?

• Up-titration of Beta-Blocker?

• Co-prescription with Ivabradine?

• Substitute?



HR Modulation

• SHIFT trial, 

• Not-confirmative, on-going trial

• B-blocker, 89% 

56%, >50% of target dose (26% TDose)

• ACE-Inhibitor, ARB, 79/14%

• Aldosterone antagonist, 61%

(NYHA III/IV, 52%)

• Most white, BMI 28.0 kg/m2

• Not generalized to CHF, Afib. LBBB

• Long-term efficacy



HR Modulation

• SHIFT trial, 

• B-blocker, > 50% of target dose

- Despite 15.5 bpm reduction in RHR

- Not achieve Pri-EP (0.77-1.04, p=0.155)

- Not modified mortality component

- Event rate for primary outcome was lower 

than overall population(13%/Yr)

Up-titration of Beta-blocker is Important



Limited role for Ivabradine in Tx of CHF

• 2211 Pts, LVEF<50%

• Suitability: LVEF<35%, SR with RHR>70 bpm

19.4% at baseline (n=429)

14.1% at 4 months (n=185)

9  % at 12 months (n=82)

5.2% (n=48), NYHA-I +/- no BB excluded

• After up-titration of HF medications, the 
number of patients ‘suitable’ for ivabradine
therapy was small.

- Cullungton D, et al. Heart. 2011:97;1961-6



Target Dose vs. Target HR of B-Blocker

• 210 of 600 Pts. Retrospective analysis

• Hx. Of HF (Ischemic or Non-ischemic)

• Stable dose of BB at least 3 Mo.

• Target Dose:

carvedilol >50 mg, bisoprolol 10mg,  

metoprolol 190 mg daily

• Target HR:  

< 60 bpm, HR-Change>10 bpm

- Porapakkham P, et al Cardiovasc Ther. 2010;28(2);93-100



Target Dose vs. Target HR of B-Blocker

Target Dose vs. (A) target absolute HR(60bpm), 

(B) target delta HR(10bpm)



Target Dose vs. Target HR of B-Blocker

Target Dose vs. absolute EF



Target Dose vs. Target HR of B-Blocker

Target absolute HR vs. absolute EF

Target Delta HR



HR Reduction on Clinical Outcome

• Randomized Controlled Trials:

• HR Change vs. all-cause mortality, LVEF

• 35Trials (22,926 Pts), Mean FU 9.6 mon.

• Close relation, 

HR and all-cause annualized mortality

(adjusted R2=0.51, p=0.004)

• Strong correlation,

Change in HR and change in LVEF

(adjusted R2=0.48, p=0.000)

(R2=0.60, p=0.0004 trials with >100pts)
- Glannery G, et al Am J Cardiol 2008;101:865-869



HR Reduction on Clinical Outcome



Dosage and HR-Reduction on Death

• Meta-analysis:

• Data source: MEDLINE, EMBASE, CINAHL, etc

• 23 Beta-Blocker trial, LVEF 17-36%

• >95% of 19202 Pts had systolic dysfunction

- Finlay A, et al Ann Inter Med. 2009;150:784-794



Dosage and HR-Reduction on Death

• Overall risk ratio for death 0.76(0.68-0.84)

• Moderate heterogeneity in magnitude of HRR

• No significant relationship between 

all cause mortality and BB-dosing

• Survival benefit of b-blocker

Significantly ac magnitude of HR-Reduction

Not significant with B-Blocker Dose

- Finlay A, et al Ann Inter Med. 2009;150:784-794



Dosage and HR-Reduction on Death



Dosage and HR-Reduction on Death



Dosage and HR-Reduction on Death

All-cause mortality in trials of 50 or more Pts. by agent



Dosage and HR-Reduction on Death

All-cause mortality in trials of 50 or more Pts. by agent



Dosage and HR-Reduction on Death

All-cause mortality, by Tx-related HR reduction tertile



Dosage and HR-Reduction on Death



Dosage and HR-Reduction on Death



Dosage and HR-Reduction on Death

Magnitude of R reduction and risk ratio of 

all-cause mortality



Ivabradine vs. Metorpolol for HR Reduction

• 120 Pts, before coronary CT

• Ivabradine 15 mg or metoprolol 50 mg, PO

• Results:
HR Reduction: -11.83 vs -13.20 bpm, p=NS

(-13.19 vs. -10.04, p<0.05 in long-term BB user)

DBP: -5.05 vs. -4.08 mmHg, p=NS

SBP: -3.95 vs. -13.65 mmHg, p<0.001

• Ivabradine decreases HR sufficienty without 
significant SBP depression

- Pichler P, et al. Am J Cardiol. 2012;109:169-73



In Summary,

• Up-titration of Beta-blocker is important

• To up-titrate the beta-blocker,

Target HR is more important than target Dose

Despite of T-dose, if HR do not reach T-HR?

• We must clarify the definition of:

Target dose, 

Target Heart (absolute and change) 



In Conclusion

• HR, very important simple biomarker

• Some extent may be Risk Marker

above that level, may be change to Risk Factor

• In this situation modulation of HR is very 
important to improve the survival of HF

• Ivabradine, selective cardiac pacemaker If
current inhibitor, may be used in this situation

• But, target HR-based appropriate use of beta-
blocker is mandatory.
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