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ß-Adrenergic Blockers in HF



Carvedilol

USCS

45mg/dCarvedilol1094Chronic HF, 
EF<35%

DosageBeta-blockerSamplePaitents 65% 65% risk reduction in mortalityrisk reduction in mortality
Reduction in sudden death, hospitalizationReduction in sudden death, hospitalization

USCS. N Engl J Med. 1996;334:1349–55
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Metoprolol

MERIT-HF. Lancet 1999; 353: 2001–07

159mg/dMetoprolol
CR/XL

DosageBeta-blocker 34% risk reduction of mortality
Reduction in sudden death, 
hospitalization



Bisoprolol

CIBIS II

CIBIS-II. Lancet 1999; 353: 9-13

7.5mg/dBisiprolol2647DCMP, EF<35%
NYHA FC III

DosageBeta-blockerSamplePaitents 34% 34% risk reduction in mortalityrisk reduction in mortality
Reduction in sudden death, hospitalizationReduction in sudden death, hospitalization



ß-Adrenergic Blockers
Clinical trials in HF

DRUG NYHA EFFECT starting dose target dose

MDC Metoprolol - - 5 bid 50 bid

MERIT-HF Metoprolol II-IV 35% 12.5-25      200

BEST Bucindolol III-IV 10% 3           100-200

CIBIS-II Bisoprolol III-IV 33% 1.25           10

Carvedilol US  Carvedilol II-III 66% 6.25 bid   25-50 bid

MOCHA Carvedilol - - - -
COPERNICUS  Carvedilol IV        35% 3.125 bid 25 bid

COMET Carvedilol II-IV 3.125 bid 25 bid



ß-Adrenergic Blockers
Clinical trials in HF

Mortality: 36% Hospitalizatio: 41% Overall: 37%

Reduction of Risk



Nebivolol

SENIOR

35.3%

31.1%

19%

7.7mg/dNebivolol2128Age>70, 
EF<35% or H

DosageBeta-blockerSamplePaitents
19% 19% risk reduction in primary end pointrisk reduction in primary end point

SENIOR. Eur Heart J. 2005;26:215–225







Recommended ß-Blockers in HF

1. Bisoprolol
2. Metoprolol succinate CR
3. Carvedilol
4. Nebivolol



ß-Adrenergic Blockers는

왜심부전치료에효과적인가? 



Sympathoadrenal system in HF
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Sympathoadrenal system in HF



Sympathoadrenal system in HF

Add NE into myocyte

Apoptosis  ⇐ β1
Direct toxisity ⇐ β1, (β2)

Cell Death

Mann et al. Circulation 1992 



Sympathoadrenal system in HF



Sympathoadrenal system in HF

심근세포수축반응

칼슘에 대한 수축반응:           변화없음
카테콜라민에대한수축반응: 현저히 감소

교감신경계 구성요소의 변화
혈중 norepinephrin: 현저히 증가
심근 norepinephrin: 현저히 감소
β1−수용체의수:       현저히감소
β2−수용체의수:       변화없음

Gi 활성도: 증가
Gs 활성도: 변화없음

βARK 활성도: 현저히 증가



Pathophysiologic Effects of ß- Agonist

Catecholamine

↑Contractility
↑Relaxation ↑Heart rate

Activation RAS
↑Cardiac 

dysfunction

↑Apoptosis↑Myocyte
necrosis

↑Vasoconstriction

↑Na/H2O retension

↑Myocardial
O2 demand

↑Remodeling



Mechanisms of ß-blockers in HF

• Improve systolic function
• Improve energetics
• Reverse the remodeling

by
1. ↓Heart rate → ↓Oxygen consumption
2. ↓Systolic and diastolic wall stress
3. Shift utilization of FFA to glucose
4. Anti-arrythmogenic
5. Changed in gene expression



ß-Adrenergic system의특징은? 



ß-Adrenergic Receptor
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ß-Adrenergic Receptor
Epinephrine

Gs     
AC 

cAMP

Phosphorylation

βΑR
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ß-Adrenergic Receptor

Nerve ending

Epinephrine

and norepinephrine

Beta adrenergic

blocking drugs

Receptor         
Beta adrenergic

Myocardial  
Tissue



ß-Adrenergic Receptor

N-terminal

C-terminal

Cell membrane1 2 3 4 5 6 7

A
B C

Cell membrane



ß-Adrenergic Receptor Signal



Which β-blocker is better?

Which subtype, β1 or β2 ?
Inverse agonism ?





ß-Adrenergic Receptor Blocker

GENERATION/CLASS K(β1) β1/β2 β1 /α1

Propranolol 1st/nonsel 4.1 2.1 -

Metoprolol 2st/β1-sel 45 74 -
Bisoprolol 2st/β1-sel 121 119 -

Carvedilol 3rd/β-vasod 4 7.3 2.4
Nebivolol 3rd/β-vasod 5.8 1700  66
Bucindolol 3rd/β-vasod 3.6 1.4 -



ß1-Adrenergic Receptor Subtype

• β1 subtype: Myocardial contractility 

� β2 subtype: Vascular SMC relaxation 

• In human heart: both of  β1- and β2-AR

(ratio of β1:β2 = 70:30 )

· β3 subtype: mainly expressed in adipose 
tissue, some in cardiac myocyte)



ß-Adrenergic Receptor Subtype

Toxic effect on myocardium
• In Heart Failure

– β1 receptor number: decreased
– β2 receptor number: NOT changed

• In animal study
– β1 receptor over-expressed animal  

→ develop HF
– β2 receptor over-expressed animal 

→ enhanced contractility



Subtype - ß1 vs ß2

β1-AR β2-AR β3-AR

Gs

AC

cAMP

““ClassicalClassical”” ““NonNon--classicalclassical””

GRK βArr

PDE4 PI3K

ERK

NOS

GiGs Gi

PKA
Noxious 
signal

Benfitial
signal



Inverse agonism

[R]                   [R*] 



Inverse Agonism

Full agonist

>> Partial agonist 

>> Neutral antagonist

>> Partial inverse agonist

>> Full inverse agonist



Ligand Affinity

Selectivity Inverse agonism Clinical data

Antagonist
Carvedilol  non-selective/α1 neutral Good
Bisoprolol β1-selective partial inverse agonist Good
Metoprolol β1-selective partial inverse agonist Good 
Nebivolol β1-selective neutral Good

Bucindolol non-selective/α1 weak partial agonist Neutral 
Xamoterol β1-selective strong partial agonist Bad

Which combination?



Which beta-blocker is better?

COMET Carvedilol 50mg/d vs. Metoprolol 100mg/d
NYHA II-IV, EF<35% 

Lancet. 2003 Jul 5;362(9377):7-13 



Which beta-blocker is better?

COMET
All-cause mortality

Carvedilol: 34%
Metoprolol: 40%

⇓
Carvedilol better (?)

Lancet. 2003 Jul 5;362(9377):7-13 



Is it true?
• Not use the dose or formulation of 

metoprolol CR/XL that was shown to 
prolong life (ie, MERIT-HF)

-Expert Opin Pharmacother. 2004;5:205-8

• Dosing regimen of metoprolol in the COMET 
is similar to the dose of carvedilol

-Card Fail. 2003 Dec;9(6):429-43



Beta-blocker      
vs.

ACE inhibitor



ACEACE--ii
ββ blockersblockers

In In selectedselected
patientspatients

Palliative therapyPalliative therapy
MechMech. . Assist deviceAssist device

HeartHeart TransplantTransplant

ACEACE--ii
ββ blockersblockers

Diuretics Diuretics / / DigitalisDigitalis

BB

DD

Treat risk factorsTreat risk factors
Avoid toxicsAvoid toxics

ACEACE--ii in in selected selected p.p. AA
Stages in the Evolution

of Heart Failure 
Treatment

CC

AHA / ACC HF guidelines 2001



CONSENSUS 10-year follow-up
All randomized patients, original and follow-up

Placebo
Enalapril

p=0.008

MortalityMortality No more survival benefit?
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Angitensin II in HF with ACEi Tx
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심부전치료의변화추세

1992 2000

Lee M, Mamdani M and et al. Am J Med. 2004;116:581–
589.



심부전치료의변화추세

Lee M, Mamdani M and et al. Am J Med. 2004;116:581–
589



심부전치료의변화추세
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심부전치료의변화추세

심부전 치료 약제 사용 비율의 변화 추세

약제

평균사용 빈도

증가

감소

변화 없음

Lee M, Mamdani M and et al. Am J Med. 2004;116:581–589.



Which one first? (beta-blocker:ACEi)

CIBIS III

Eur J Heart Fail. 2004;6:493-500 



CIBIS III

intention-to-treat sample: noninferiority P=0.019

Circulation. 2005;112:NA



CIBIS III

Per-protocol sample: noninferiority P=0.046

Circulation. 2005;112:NA



CIBIS III

All-cause death: HR 0.88 P=0.44

Although noninferiority of bisoprolol-first versus e
nalapril-first treatment was not proven in the 
per-protocol analysis, our results indicate that 
it may be as safe and efficacious to initiate treatm
ent for CHF with bisoprolol as with enalapril.

Circulation. 2005;112:NA



Modulation of ß-AR in HF

• Down-regulation
β-수용체의수적감소

• Desensitization 
수용체기능저하

– Heterologous desensitization by PKC, PKA
– Homologous desensitization by βARK1, GRK5



G Protein-coupled Receptor Kinases (GRKs)



ß-Adrenergic Receptor



G Protein-coupled Receptor Kinases (GRKs)

Kinase Substrate specificity Localization

GRK1(RK)

GRK2(βARK1)

GRK3(βARK2)

GRK4(IT11)

GRK5

GRK6

Rho >> βAR

βAR,m2R,αAR>Rho

βAR,m2R,αAR>Rho,Olf

?

βAR>m2R,αAR>Rho

βAR>Rho

Retina

HeartHeart,lung,brain

Brain>heart,lung

Testis

HeartHeart,lung>muscle

Brain,muscle>heart



GRKs in Cardiac Hypertrohpy

-Choi DJ. J Biol Chem. 272(27):17223-9-



Effect of β-blocker on βARK1
Iaccarino G, et al. Circulation 1998;98:1783-1789



βARK1 in human Cardiac Hypertrophy



βARK1 in human Cardiac Hypertrophy



βARK1 in human HF



βARK1 in human HF



GRK2 in HF model (MLP knock-out)
- Choi DJ and Rockman H.  PNAS 1998:7000-5



Recent Update beta-blocker in HF

β-blocker should be considered in all HF.
1. NYHA FC II-IV
2. Reduced LVEF
3. Stable, mild to severe HF
4. Ischemic or non-ischemic
5. On standard Tx: diuretis and ACEi

Class I recommendation, evidence level A



Recent Update beta-blocker in HF

Recommended β-blocker in HF
1. Carvedilol
2. Bisoprolol
3. Metoprolol succinate (not tartrate)
4. Nebivolol (ESC2005)

Class I recommendation, evidence level A



Future directions

1) Which beta-blocker is better? Or new one?
β1/β2, α1, anti-oxydant, inverse agonism…

2) β-blocker prior to ACEi?
After CIBIS III

3) Other than β-blocker for modulating β-AR 
system?
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