
BetaBeta--blockade in heart failureblockade in heart failure
BetaBeta--blocking agents are recommended for the blocking agents are recommended for the 

treatment of treatment of allall patients with stable mild, moderate patients with stable mild, moderate 
and severe heart failure from ischemic and nonand severe heart failure from ischemic and non--
ischemic ischemic origenorigen …….on standard treatment including .on standard treatment including 
ACE inhibition and diuretics ..   (level of evidence A, ACE inhibition and diuretics ..   (level of evidence A, 
strength of recommendation 1)strength of recommendation 1)

BetaBeta--blocking agents are recommended in patients blocking agents are recommended in patients 
with LV dysfunction with/without heart failure postwith LV dysfunction with/without heart failure post--MI MI 
for survival benefit  (level B, recommendation 1)for survival benefit  (level B, recommendation 1)

ESCESC Guidelines on Treatment of Heart Failure  2005
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CAPRICORN  CAPRICORN  -- All Cause MortalityAll Cause Mortality
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CAPRICORN Time to First Cardiac ArrhythmiaCAPRICORN Time to First Cardiac Arrhythmia
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RemodellingRemodelling in CAPRICORNin CAPRICORN
∆∆ = = -- 9.2 ml9.2 ml
P = 0.031

∆∆ = = + 3.9%+ 3.9%
P = 0.0037P = 0.031 P = 0.0037
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BetaBeta--blockade blockade ––survival benefit in all class CHFsurvival benefit in all class CHF

Class I Class IVClass II
Class III

COPERNICUS
(carvedilol)CAPRICORN

(carvedilol)

CIBIS II (bisoprolol)
US Carvedilol Program (carvedilol)

MERIT-HF (metoprolol)



RemainingRemaining issuesissues

ElderlyElderly

InitiationInitiation of HF of HF therapytherapy : ACE : ACE inhibitorinhibitor alwaysalways
firstfirst??

Are Are allall betabeta--blockersblockers equallyequally effectiveeffective??

DoseDose



SENIORS SENIORS trialtrial : : averageaverage age 76 age 76 yrsyrs
Time to all cause mortality or cardiovascular admissionTime to all cause mortality or cardiovascular admission
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Placebo
Nebivolol

Hazard Ratio 0.86 [0.73;0.99]
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Flathers et al,2005Flathers et al,2005

SENIORSSENIORS-- nebivololnebivolol does does notnot reducereduce allall-- causecause
mortalitymortality oror CV CV hospitalisationhospitalisation
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The effect of The effect of betabeta--blockadeblockade onon mortalitymortality in HF does in HF does 
notnot dependdepend onon ageage
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HeartHeart FailureFailure TreatmentTreatment ––
Should ACE inhibition always be firstShould ACE inhibition always be first--line line 

therapy?  therapy?  



NYHA IV

NYHA III

NYHA  II
ACE inhibitor as first-line therapy
ARB if ACE inhibitor intolerant.
add beta-blocker
add aldosterone antagonist if post-MI

continue ACE inhibitor
add ARB or only ARB if ACE inhibitor intolerant
continue beta-blocker 
add aldosterone antagonist

For Survival/Morbidity

Mandatory therapy

For Symptoms

Supportive therapy
continue ACE inhibitor/ARB if ACE inhibitor 
intolerant, 
continue aldosterone antagonist if post-MI
add beta-blocker if post-MI

NYHA I reduce / stop diuretic

+/- diuretic depending 
on fluid retention

+ diuretics + digitalis
If still symptomatic

+diuretics + digitalis
+ consider temporary 
inotropic support

continue ACE inhibitor/ARB
beta-blocker
aldosterone antagonist



Sliwa et al, 2004Sliwa et al, 2004

Effect of firstEffect of first--line ( 6 month) line ( 6 month) carvedilolcarvedilol or or 
ACEiACEi



Sliwa et al, 2004Sliwa et al, 2004

Effect of firstEffect of first--line ( 6 month) carvedilol or line ( 6 month) carvedilol or ACEACEi



CIBIS III CIBIS III –– presentedpresented at ESC 2005at ESC 2005

ComparedCompared 66-- monthmonth enalaprilenalapril vsvs bisoprololbisoprolol, , 
followedfollowed byby combinedcombined treatmenttreatment forfor 66--18 18 monthsmonths..
ApproximatelyApproximately 1000 1000 patientspatients withwith NYHA NYHA IIII--IVIV, , 
average average ageage 72 72 yrsyrs
PrimaryPrimary endpointendpoint : : nonnon--inferiorityinferiority bisoprololbisoprolol firstfirst
vsvs enalaprilenalapril firstfirst

PrimaryPrimary endpointendpoint notnot reachedreached in ITT in ITT populationpopulation ( ( 
in PP in PP positivepositive), ), nono furtherfurther superioritysuperiority testingtesting



CARMEN Study DesignCARMEN Study Design

Stable dosesStable doses
of diuretics,of diuretics,
digoxindigoxin, nitrates, nitrates

Baseline/Baseline/
screeningscreening

UpUp--titrationtitration
Phase APhase A

0 wk0 wk

UpUp--titration titration 
Phase BPhase B

MaintenanceMaintenance
PhasePhase

99 181833 66 1212 151500

DownDown--titrationtitration
PhasePhase

FollowFollow--up (months)up (months)

Group 2Group 2
Placebo (blinded)

Carvedilol (blinded)

Group 1Group 1
Carvedilol (blinded)

Ealapril (blinded)Enalapril (blinded)

Group 3Group 3
Placebo (blinded)

Echo assessments

Enalapril (blinded)



Primary Endpoint: Primary Endpoint: 
Comparison of LVESVI Between TreatmentsComparison of LVESVI Between Treatments
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LVESVI: Change From BaselineLVESVI: Change From Baseline
Within TreatmentWithin Treatment--arm Comparisonarm Comparison

* P < 0.05, ** P < 0.001* P < 0.05, ** P < 0.001

--1010

--88

--66

--44

--22
**** **** ****

**

∆∆
LV

ES
VI

 (m
l/m

LV
ES

VI
 (m

l/m
22 ))

M6 M12 M18 M6 M18M12 M6 M12 M18

Carvedilol &Carvedilol &
Enalapril

00

22

44

EnalaprilEnalaprilCarvedilolCarvedilol
Enalapril

** **



ConclusionsConclusions

The combination of carvedilol and an ACE The combination of carvedilol and an ACE 
inhibitor therapy resulted in a highly significant inhibitor therapy resulted in a highly significant 
improvement of LV remodelling and function improvement of LV remodelling and function 

Patients receiving carvedilol, either as Patients receiving carvedilol, either as 
monotherapy or in combination with enalapril, monotherapy or in combination with enalapril, 
showed a reversal of LV remodelling showed a reversal of LV remodelling -- results not results not 
observed with enalapril monotherapyobserved with enalapril monotherapy



Clinical ImplicationsClinical Implications

Carvedilol was safely initiated before ACE Carvedilol was safely initiated before ACE 
inhibition and reversed LV remodelling in CHF. inhibition and reversed LV remodelling in CHF. 
This might challenge the historical sequence of This might challenge the historical sequence of 
initiating ACE inhibition before initiating ACE inhibition before ββ blockadeblockade

The CARMEN results underscore the necessity The CARMEN results underscore the necessity 
for for not delaying prescription of combination not delaying prescription of combination 
therapy of an ACE inhibitor and carvedilol in mildtherapy of an ACE inhibitor and carvedilol in mild--
moderate heart failure.moderate heart failure.



BetaBeta--blockadeblockade in in heartheart failurefailure

Are Are allall betabeta--blockersblockers
equallyequally effectiveeffective in the in the 
treatmenttreatment of of heartheart failurefailure ??



Heart Failure Converts the Circulation Heart Failure Converts the Circulation 
From a From a ββ11 to a to a ββ11//ββ22//αα11--EnvironmentEnvironment
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Effects of Effects of ββ22--ReceptorsReceptors

Direct Direct chronotropicchronotropic, , inotropicinotropic, , lusitropiclusitropic
((cAMPcAMP mediated)mediated)

Hypertrophy, fibrosis, Hypertrophy, fibrosis, remodellingremodelling

AntiAnti--apoptoticapoptotic

ArrhythmogenicArrhythmogenic

Facilitation of Facilitation of norepinephrinenorepinephrine release (release (presynapticpresynaptic) ) 



Effects of Effects of αα11 ReceptorsReceptors

Myocardial hypertrophy, fibrosis, remodelingMyocardial hypertrophy, fibrosis, remodeling

CardiotoxicityCardiotoxicity (with (with ββ receptors)receptors)

ArrhythmogenicArrhythmogenic

Peripheral vasoconstrictionPeripheral vasoconstriction

Renal Renal hypoperfusionhypoperfusion and sodium retentionand sodium retention



Properties of selected beta-blockers
β1 β2 α1 Ancillary 

blockade blockade blockade     ISA    effects*

Carvedilol +++ +++          +++           - +++

Metoprolol +++ - - - -

Bisoprolol +++ - - - -

Bucindolol +++ +++             - ++ -

Nebivolol +++ - - - ++

*anti-oxidant, inhibit apoptosis, inhibit endothelin, NO generation



Primary endpoint of mortality
Mortality (%)

40
Average follow-up 57.9 months

Time (years)
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Hazard ratio 0.83 
95% CI 0.74, 0.93
p = 0.0017

Metoprolol
Carvedilol

Poole-Wilson et al Lancet 2003;362:7-13



Mode of deathMode of death

Sudden death Circulatory failure Death from stroke
Mortality (%)

Hazard ratio 0.81 
95% CI 0.677, 0.97
p=0.0216

Metoprolol

Carvedilol

20 Hazard ratio 0.332 
95% CI 0.177, 0.624
p=0.0006

Hazard ratio 0.827 
95% CI 0.673, 1.016
p=0.0702

20 20

10 1010
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Time (years) Poole-Wilson, HFSA 2003



Less New Diabetes Endpoint with CarvedilolLess New Diabetes Endpoint with Carvedilol
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Change in Wellbeing Score
(ITT of survivors)

Time (years)
(Error bars represent 1 standard error)
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COMET COMET -- GFR by treatment group GFR by treatment group 
in patients with high in patients with high creatininecreatinine levels at baselinelevels at baseline
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DoseDose

Are target Are target dosagesdosages usedused in the in the largelarge cliniclclinicl
trials trials reallyreally necessarynecessary??



Mortality in Patients on Target and Lower BB Doses at 4 months Mortality in Patients on Target and Lower BB Doses at 4 months 
(Adjusted for baseline and 4 months variables)(Adjusted for baseline and 4 months variables)
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Mortality in Subgroups Split by BetaMortality in Subgroups Split by Beta--blocker Doseblocker Dose
On On BelowBelow Target Target 

BetaBeta--blockerblocker dosedose
On Target On Target 
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ConclusionConclusion

BetaBeta--blockadeblockade necessarynecessary element in HF element in HF therapytherapy

EffectiveEffective in the in the elderlyelderly

EarlyEarly combinationcombination of of ACEiACEi and BB and BB necessarynecessary, order of , order of 
treatmenttreatment toto bebe decideddecided byby doctordoctor

BetaBeta--blockersblockers are are notnot equallyequally effectiveeffective. . 
CarvedilolCarvedilol betterbetter improvesimproves survival, survival, clinicalclinical wellwell--beingbeing
and and protectprotect againsagains newnew onsetonset diabetes and diabetes and renalrenal
dysfunctiondysfunction thanthan metoprololmetoprolol ((tartratetartrate).).

Target Target dosagesdosages shownshown toto bebe effectiveeffective in in largelarge trials trials betterbetter
protectprotect againstagainst worseningworsening HF HF thanthan lowerlower dosagesdosages. . 



COMET Stroke or MICOMET Stroke or MI
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SummarySummary

ComparedCompared toto metoprololmetoprolol, , carvedilolcarvedilol reducedreduced::
SuddenSudden deathdeath byby (19%) (19%) 
WorseningWorsening HF HF deathdeath byby (17%) (17%) 
MI MI byby 29%29%
CV CV deathdeath or or nonnon--fatalfatal MI MI byby 19%19%
StrokeStroke byby 21% 21% 
StrokeStroke deathdeath in 13 in 13 patientspatients as as comparedcompared toto 38         38         

onon metoprololmetoprolol
StrokeStroke or or MI MI byby 25 %25 %

DifferencesDifferences werewere observedobserved earlyearly and and remainedremained over time over time 



COMET: COMET: GlomerularGlomerular Filtration RateFiltration Rate

Fewer patients showed a reduction of GFR on Fewer patients showed a reduction of GFR on 
carvedilolcarvedilol at 12 monthsat 12 months

551 (55.7%)506 (49.2%)DecreasedDecreased

439 (44.3%)439 (44.3%)523 (50.8%)523 (50.8%)Unchanged or Unchanged or 
IncreasedIncreased

MetoprololMetoprolol
tartratetartrateCarvedilol

641 (64.4%)629 (61.1%)DecreasedDecreased

354 (35.6%)354 (35.6%)401 (38.9%)401 (38.9%)Unchanged or Unchanged or 
IncreasedIncreased

MetoprololMetoprolol
tartratetartrateCarvedilolCarvedilol

Carvedilol
CG formula
(p=0.0036)

MDRD formula
(p=0.119)



Mechanisms for benefit from carvedilol

1. Beta-2 blockade (complex)
2. Alpha-1 blockade
3. Beneficial effect on insulin sensitivity
4. Anti-oxidant properties
5. Anti-apoptotic activity
6. Electrophysiological actions, blockade of 

HERG)
7. Reduction of hypokalaemia
8. No up-regulation of the beta1 receptor
9. High affinity of carvedilol for receptor

Biological 
mechanisms

1. Chance
2. Dose
3. Formulation

Technical
mechanisms



CarvedilolCarvedilol Reverses LV Reverses LV RemodellingRemodelling to a to a 
Greater Extent than Greater Extent than MetoprololMetoprolol
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Objectives and DesignObjectives and Design
To compare the effects of To compare the effects of carvedilolcarvedilol with those of with those of 
metoprolol on mortality and morbidity in patients metoprolol on mortality and morbidity in patients 
with chronic heart failurewith chronic heart failure
No runNo run--in periodin period

Mild, 
moderate or 
severe CHF Metoprolol (n = 1,518)

Carvedilol (n = 1,511)

Screening        Titration    Maintenance (estimated 4 - 6 yrs)

Randomisation



Heart rateHeart rate
Heart rate (beats.min-1)

85

* P < 0.05, ** P < 0.01
Difference in HR at 4 months
1.6 bpm 95% CI –2.7, -0.6

Metoprolol
Carvedilol
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Peak and trough heart rate effects of longPeak and trough heart rate effects of long--term term 
metoprololmetoprolol IR and XL in heart failureIR and XL in heart failure

Heart rate Kukin et al.
Heart 1997;78:444

Kukin et al.
JACC 2000;35:45
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100 mg BID100 mg BID
50 mg BID50 mg BID

Hours After Hours After MetoprololMetoprolol IR AdministrationIR Administration
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Mortality in Subgroups Split by BetaMortality in Subgroups Split by Beta--blocker Doseblocker Dose

On Target On Target 
BetaBeta--blocker Dose

Below Target Below Target 
BetaBeta--blocker dose blocker Doseblocker dose
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Beta-blocker dose
Low dose

Target dose

Systolic blood pressure

4months < 68 bpm
> 68 bpm

Change from baseline < 12 bpm
> 12 bpm

Baseline < 80 bpm
> 80 bpm

Heart rate

4months < 120 mmHg
> 120 mmHg

Change from baseline < 3 mmHg
> 3 mmHg

Baseline < 120 mmHg
> 120 mmHg

Overall

195/714 vs 240/729
165/575 vs 204/561
199/714 vs 223/640
161/575 vs 221/650
200/737 vs 218/685
161/554 vs 227/606

196/621 vs 235/615
214/757 vs 270/773
190/685 vs 219/617
170/606 vs 230/681
221/701 vs 249/656
140/592 vs 200/642

117/323 vs 132/292
244/974 vs 319/1006

459/1297 vs 542/1302

Carvedilol vs Metoprolol

0.5 0.75 1 1.25
Relative Risk (95% CI)

Carvedilol better Metoprolol betterFigure 4



Conclusion
Result COMET was clear and definitive

Mechanism Unlikely to be due to doses or formulations of 
drugs
Most probable explanation is beta 2 and    
alpha-1adrenoceptor blockade

Clinical 
Implications Beta-blockade is mandatory in all stages of 

heart failure . Should be given directly 
together with ACE inhibition (CARMEN) 

Beta-blockers differ in their effect on heart failure 
The preferred beta blocker in the treatment of heart failure 
is carvedilol
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Cardiovascular Mortality by SubgroupsCardiovascular Mortality by Subgroups

0.0 0.5 1.0 1.5 2.0 2.5 3.0

Gender male 1200/1217
female 311/301

Age <65 834/803
>=65 677/715

NYHA II 730/736
III 732/716
IV 49/66

Aetiology no 735/703
IHD 776/815

LVEF <=25% 706/630
>25% 743/819

Heart rate <=80 849/864
> 80 660/652

Diabetes no 1150/1143
yes 360/371

Previous MI no 860/875
yes 626/606

Angina no 1182/1176
yes 320/331

Hypertension no 935/948
yes 561/540

ECG 90/108
174/171

af 274/246
sinus 971/993

Asp/anticoag no 310/330
yes 1201/1188

Overall C=1511/M=1518

Carvedilol
better

Metoprolol
better



Mortality reduction by Mortality reduction by carvedilolcarvedilol vsvs metoprololmetoprolol by dose by dose 
subgroupssubgroups

Number of deaths / patients
Carvedilol vs Metoprolol

Dose

Low dose 117 / 323 vs 132 / 292

244 / 974 vs 319 / 1006High dose

Overall
361 / 1291 vs 445 / 12914 month data

Metoprolol
betterbetter

0.50
Relative risk (95% CI)

0.75 1.00 1.25



Treatment Effect on Treatment Effect on 
Mortality by Mortality by HbHb

Haemoglobin Interaction: p=0.174

0.50 0.75 1.00 1.25 1.50

<=12.5 198/216

12.5-15 869/841

> 15 431/441

C=1511/M=1518Overall

Carvedilol Metoprolol
better better

Relative Risk of death



ResultsResults

Decrease in GFR was independently related to Decrease in GFR was independently related to 
subsequent mortality but did not explain the subsequent mortality but did not explain the 
beneficial effects of beneficial effects of carvedilolcarvedilol versus versus metoprololmetoprolol
tartratetartrate, as seen from the adjusted relative risks*, as seen from the adjusted relative risks*

0.00120.00120.9840.984--0.9960.9960.9900.990Inc Inc ∆∆ GFR at 12 monthsGFR at 12 months

0.01400.01400.6760.676--0.9570.9570.8040.804
CarvedilolCarvedilol vsvs
MetoprololMetoprolol tartratetartrate

P P ValueValue95% 95% CICIRRRR

*Other variables included in the model and significantly related to subsequent mortality: age; gender; weight; NYHA 
Class II/III/IV; duration of HF; LVEF; previous MI; diabetes; digitalis; anti-arrhythmics; lipid-lowering drugs; S-sodium. Other 
variables included in the model and not significantly related to subsequent mortality: systolic BP; history of CAD; stroke; 
ECG rhythm; nitrates; hemoglobin.





ResultsResults

Fewer patients showed an increase of Fewer patients showed an increase of creatininecreatinine on on 
carvedilolcarvedilol at 12 monthsat 12 months

279 (28%)279 (28%)330 (32%)330 (32%)Unchanged or Decreased (1Unchanged or Decreased (1--
1010µµmol/l)mol/l)

91 (9.1%)91 (9.1%)105 (10.2%)105 (10.2%)Decreased (11Decreased (11--20 20 µµmol/l)mol/l)

268 (26.9%)268 (26.9%)197 (19.1%)197 (19.1%)Increased (1Increased (1--1010 µµmol/l)mol/l)

140 (14.1%)140 (14.1%)151 (14.6%)151 (14.6%)Increased (1Increased (1--1111 µµmol/l)mol/l)

153 (15.4%)153 (15.4%)162 (15.7%)162 (15.7%)Increased (>Increased (> 20 20 µµmol/l)mol/l)

65 (6.5%)65 (6.5%)87 (8.4%)87 (8.4%)Decreased (>Decreased (> 20 20 µµmol/l)mol/l)

MetoprololMetoprolol
tartratetartrateCarvedilolCarvedilol

p=0.0017





AllAll--Cause Mortality Multivariate AnalysisCause Mortality Multivariate Analysis

Adjusted hazard ratiosAdjusted hazard ratios**

<0.0001<0.00011.871.87––3.583.582.592.59Very Low Very Low vsvs Normal GFRNormal GFR

0.00060.00061.251.25––2.252.251.671.67Low Low vsvs Normal GFRNormal GFR

0.00030.00031.271.27––2.222.221.681.68Borderline Borderline vsvs Normal GFRNormal GFR

P P ValueValue95% 95% CICIRRRR

• No significant interaction was found with β-blocker 
treatment allocation

*Other variables included in the model: carvedilol vs metoprolol tartrate; age; gender; weight; systolic BP; NYHA Class 
II/III/IV; duration of HF; LVEF; previous MI; CAD yes/no/unknown; diabetes; stroke; ECG paced/AF/sinus rhythm/other; 
digitalis; anti-arrhythmics; nitrates; lipid-lowering drugs; hemoglobin; S-sodium



AllAll--Cause MortalityCause Mortality
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3029 patientsC = Carvedilol

M = Metoprolol
860 Hosp WHF

C=421/M=439

59 died in hosp

752 Non-fatal hosp WHF

162 dose 
reduced 
C=84/M=78

61 drug 
stopped 
C=19/M=42

529 dose 
maintained
C=258/M=271

49 Rx complications



Mortality following DischargeMortality following Discharge
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Mortality following dischargeMortality following discharge
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Relative
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95% CI p value
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Same dose

1.304 1.026, 1.656 0.03 *Adjusted for the 
other prognostic 
variables*
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Mortality following discharge Mortality following discharge 
(adjusted for other prognostic variables)(adjusted for other prognostic variables)
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Time after entry to trial (years)
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Relative risk of deathRelative risk of death

C=438/1511 M=534/1518

C=218/1511 M=262/1518

C=168/1511 M=197/1518

C=13/1511 M=38/1518

C=19/1511 M=26/1518

C=74/1511 M=66/1518

C=512/1511 M=600/1518

Carvedilol
better

Metoprolol
better

Cardiovascular

Sudden Death

Circulatory Failure

Stroke Death

Other Cardiovascular

Non-cardiovascular

Overall

0.50 1.00 1.50





BetaBeta--blockade blockade ––survival benefit in all class CHFsurvival benefit in all class CHF

Class I Class IVClass II
Class III

CAPRICORN
(carvedilol)

COPERNICUS
(carvedilol)

CIBIS II (bisoprolol)
US Carvedilol Program (carvedilol)

MERIT-HF (metoprolol)
COMET (COMET (carvedilolcarvedilol))



All cause mortality
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Sudden death
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Death due to circulatory 
failure
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New Onset Diabetes MellitusNew Onset Diabetes Mellitus

(%)
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1010

00 11 22 33 44 55

1515 Metoprolol

CarvedilolCarvedilol

YearsYears

p=0.04

RR

↓ 22%

Poole Wilson Ph.  ESC 2003Poole Wilson Ph.  ESC 2003
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CarvedilolCarvedilol Improves Arterial Improves Arterial BaroreflexBaroreflex Gain Gain 
and Heart Rate Variability in CHFand Heart Rate Variability in CHF
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Effects of Effects of ββ--blockers on Survival After AMIblockers on Survival After AMI

Risk ratio (95% CI)Risk ratio (95% CI)

RR = 0.77RR = 0.77
ββ--blockers (Yusuf et al. 1985)blockers (Yusuf et al. 1985)

During MIDuring MI

After MIAfter MI

Carvedilol (CAPRICORN, 2001)Carvedilol (CAPRICORN, 2001)

All cause mortalityAll cause mortality

Sudden deathSudden death

0.40.4 0.50.5 0.60.6 0.70.7 0.80.8 0.90.9 1.11.01.0 1.1 1.21.2



Effects of Effects of ββ--Blockers on SurvivalBlockers on Survival
in Patients with CHFin Patients with CHF

CarvedilolCarvedilol (US trials)(US trials)

All cause mortalityAll cause mortality

Sudden deathSudden death

BisoprololBisoprolol (CIBIS(CIBIS--II)II)

All cause mortalityAll cause mortality

Sudden deathSudden death

MetoprololMetoprolol (MERIT(MERIT--HF)HF)

All cause mortalityAll cause mortality

Sudden deathSudden death

0.20.2 0.40.4 0.60.6 0.80.8 1.01.0 1.21.2

Risk ratio (95% CI)Risk ratio (95% CI)



CAPRICORN Trial: CAPRICORN Trial: 
Incidence of Ventricular ArrhythmiasIncidence of Ventricular Arrhythmias

New events excluding index admissionNew events excluding index admission

CarvedilolCarvedilol

PlaceboPlacebo

P < 0.P < 0.00010001
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11

0.980.98

0.980.98

0.960.96

0.920.92

0.90.9
00 0.50.5 1.01.0 1.51.5 2.02.0 2.52.5

YearsYears

VA rate: 7% vs. 2.7%VA rate: 7% vs. 2.7%
HR (95% CI): 0.37 (0.24HR (95% CI): 0.37 (0.24--0.58) 0.58) 
P < 0.00001P < 0.00001



CarvedilolCarvedilol has “Tight Binding” to has “Tight Binding” to ββ--AR AR 
Receptors Receptors 

(Asano et al., JCP 2001):(Asano et al., JCP 2001):
The Cardiac Index Response to The Cardiac Index Response to DobutamineDobutamineCarvedilol
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Atypical Binding of Carvedilol to BetaAtypical Binding of Carvedilol to Beta--
receptorsreceptors

Prevents Rebound PhenomenonPrevents Rebound Phenomenon
Baseline             After Beta-blocker wash-out
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Effects of Beta Blockers on the Mortality of Effects of Beta Blockers on the Mortality of 
PostinfarctionPostinfarction Patients: Patients: MetanalysisMetanalysis of 27 of 27 

Controlled Trials (>27,00 pts)Controlled Trials (>27,00 pts)

Selective
Non selective

With ISA

Without ISA

Non fatal 
reinfarction

Non sudden
Sudden

OVERALL

Type of beta blocker

Mode of death

0 0,2 0,4 1,6 1,8 20,6 0,8 1 1,2 1,4
Odds ratio (active:control)

Yusuf et al. Prog Cardiovasc Dis 1985;27:335



The Comparison Between The Comparison Between ββ Blocker Blocker 
Effects Among Different CompoundsEffects Among Different Compounds

10 10 mg mg odod200 200 mg mg odod50 50 mg mg tidtid50 50 mg bidmg bidMax. dosageMax. dosage

Further upFurther up--titration:titration:

5 5 mg mg odod100 100 mg mg odod50 50 mg bidmg bid25 25 mg bidmg bidCOMET Level 4COMET Level 4

25 25 mg bidmg bid12.5 12.5 mg bidmg bidCOMET Level 3COMET Level 3

12.5 12.5 mg bidmg bid6.25  6.25  mg bidmg bidCOMET Level 2COMET Level 2

6.25 6.25 mg bidmg bid3.125 3.125 mg bidmg bidCOMET Level 1COMET Level 1

2.5 2.5 mg mg odod50 50 mg mg odod

1.25 1.25 mg mg odod25  25  mg mg odod

0.625 0.625 mg mg odod12.5 12.5 mg mg odod

BisoprololBisoprololMetoprololMetoprolol CR/XLCR/XLMetoprololMetoprolol IRIRCarvedilolCarvedilolDosageDosage



Suggested Procedures for the ClosureSuggested Procedures for the Closure
of COMET after Cutof COMET after Cut--Off Date Nov. 15, 2002Off Date Nov. 15, 2002

As As ββ blocker blocker withdrawal may precipitate HF and withdrawal may precipitate HF and 
arrhythmias, stable patients on blinded medication arrhythmias, stable patients on blinded medication 
should be switched to open should be switched to open ββ--blockadeblockade

The transition from one The transition from one ββ blockerblocker to another does not to another does not 
need downneed down--titration of the initial agenttitration of the initial agent

The first dose of the new agent should be equivalent The first dose of the new agent should be equivalent 
to one half of the last dosage of study medicationto one half of the last dosage of study medication

Investigators free to choose the most appropriate Investigators free to choose the most appropriate 
ββ blocker currently availableblocker currently available
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Stroke DeathStroke Death
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Cardiovascular Death or Cardiovascular Death or 
NonNon--Fatal MIFatal MI
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The Effect of The Effect of CarvedilolCarvedilol and and MetoprololMetoprolol on on 
Vascular EventsVascular Events

0.00060.0006(0.18 (0.18 –– 0.62)0.62)0.330.3338381313Stroke deathStroke death

0.02     0.02     (0.60 (0.60 –– 0.95)0.95)0.75 0.75 168168130130Stroke or MIStroke or MI

0.16320.1632(0.57 (0.57 –– 1.10)1.10)0.790.7980806565StrokeStroke

0.00070.0007(0.72 (0.72 –– 0.92)0.92)0.810.81558558465465CV death or nonCV death or non--fatal MIfatal MI

0.00250.0025(0.75 (0.75 –– 094)094)0.840.84629629544544Death or nonDeath or non--fatal MIfatal MI

0.03330.0333(0.52 (0.52 –– 0.97)0.97)0.710.7194946969Fatal or nonFatal or non--fatal MIfatal MI

pp95% 95% CICIRRRRMetoprololMetoprololCarvedilolCarvedilol



CHF DeathCHF Death
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Mortality in Patients on Target and Lower BB Doses Mortality in Patients on Target and Lower BB Doses 
(Adjusted for baseline and 4 months variables)(Adjusted for baseline and 4 months variables)
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Predictors of death by multivariate analysisPredictors of death by multivariate analysis

0.00030.00030.653, 0.880.653, 0.880.7580.758Study drug                            (Study drug                            (carvedilolcarvedilol
versus versus metoprololmetoprolol))

0.00550.00550.69, 0.940.69, 0.940.800.80Adjusted for other variablesAdjusted for other variables

<0.0001<0.00010.52, 0.700.52, 0.700.610.61UnadjustedUnadjusted

High versus low betaHigh versus low beta--blocker doseblocker dose

P valueP value95% CI95% CIRelative riskRelative risk

Variables also associated with increased mortality in the final model: increasing age, 
male sex, lower body weight, higher HR at 4 months, lower SBP at 4 months, NYHA 
class, CHF duration, lower LVEF, previous myocardial infarction, history of diabetes, 
lower serum hemoglobin, lower serum sodium, higher serum creatinine, digitalis 
therapy, anti-arrhythmic therapy, nitrate therapy, absence of lipid lowering therapy



β blockers in class IV heart failure

US Carvedilol Program 3%

MERIT-HF 4%

CIBIS II 16%

BEST 8%

Proportion of patients
with class IV heart failure



COPERNICUS

Primary endpoint

All-cause 190/1133 130/1156 0.65 0.00014
mortality (18.5%) (11.4%) (0.52,0.81)

Hazard
Log-rank

Placebo Carvedilol ratio nominal
p-value

Adjusted p=0.0014
No patients lost to follow-up



β blockers in severe heart failure

Preliminary analyses

MERIT, CIBIS II, BEST

MERIT, CIBIS II

COPERNICUS

0.25 0.5 0.75 1.0 1.5 2.0

Favors treatment Favors placebo



Effect on Cardiac ArrhythmiaEffect on Cardiac Arrhythmia

PlaceboPlacebo CarvedilolCarvedilol Hazard ratioHazard ratio PP--ValueValue
(95% CI)(95% CI)

Any Any supraventricularsupraventricular 5454 2626 0.480.48 0.00150.0015
arrhythmiaarrhythmia (0.30 (0.30 -- 0.76)0.76)

AtrialAtrial flutter or flutter or atrialatrial 5353 2222 0.410.41 0.00030.0003
fibrillationfibrillation (0.25 (0.25 -- 0.68)0.68)

Any ventricular Any ventricular 6969 2626 0.370.37 < 0.0001< 0.0001
arrhythmiaarrhythmia (0.24 (0.24 -- 0.58)0.58)

Ventricular tachycardia Ventricular tachycardia 4040 1212 0.300.30 < 0.0001< 0.0001
or ventricular fibrillationor ventricular fibrillation (0.16 (0.16 -- 0.57)0.57)

McMurray et al. AHA 2001McMurray et al. AHA 2001



Time to First Cardiac ArrhythmiaTime to First Cardiac Arrhythmia

Ventricular Tachycardia or Ventricular Tachycardia or 
Ventricular Fibrillation
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BetaBeta--blockadeblockade in in heartheart failurefailure

Is Is therethere anythinganything newnew??

COPERNICUS COPERNICUS indicatesindicates thatthat
carvedilolcarvedilol leadsleads toto lessless
withdrawalswithdrawals and and betterbetter efficacyefficacy
duringduring the the earlyearly phasephase of of 
administrationadministration in in severesevere CHFCHF



HeartHeart FailureFailure TreatmentTreatment ––
Should ACE inhibition always be firstShould ACE inhibition always be first--line line 

therapy?  therapy?  

Or could alternative forms of treatment , i.e. BetaOr could alternative forms of treatment , i.e. Beta--
blockade be as useful or possibly better ?blockade be as useful or possibly better ?

Target effective therapy in the individual Target effective therapy in the individual 

IfIf ACE ACE inhibitioninhibition is is firstfirst--lineline therapytherapy shouldshould betabeta--
blockadeblockade onlyonly bebe addedadded ifif patientspatients remainremain
symptomaticsymptomatic ? ? –– introducesintroduces a a delaydelay in in betabeta--
blockadeblockade prescriptionprescription









0.500.50 0.750.75 1.001.00 1.251.25 1.501.50

malemale
femalefemale
< 65< 65
≥≥ 6565
IIII
IIIIII
IVIV
OtherOther
IHDIHD
≤≤ 25%25%
> 25%> 25%
< 80< 80
≥≥ 8080
< 110< 110
110 110 -- 139139
≥≥ 140140
yesyes
nono

CarvedilolCarvedilol betterbetter Metoprolol betterMetoprolol better

deaths  ndeaths  n deaths  ndeaths  n HRHR
CarvedilolCarvedilol MetoprololMetoprolol

Mortality in SubMortality in Sub--groupsgroups

SexSex 410  1200  410  1200  500  1217  500  1217  0.800.80
102    311  102    311  100    301  100    301  0.970.97

AgeAge 207    834  207    834  231    803  231    803  0.84 0.84 
305    677  305    677  369    715 369    715 0.840.84

NYHANYHA 175    730  175    730  228    736 228    736 0.750.75
309    732  309    732  324    716 324    716 0.910.91
28      49    28      49    48      66  48      66  0.680.68

CauseCause 198    735  198    735  219    703  219    703  0.830.83
314   776  314   776  381    815  381    815  0.850.85

LVEFLVEF 270    706  270    706  285    630  285    630  0.790.79
221    743  221    743  287    819  287    819  0.840.84

Heart rateHeart rate 234    693  234    693  284    733  284    733  0.860.86
277    816  277    816  314    783  314    783  0.800.80

Systolic BPSystolic BP 120    245  120    245  132    235  132    235  0.800.80

DiabetesDiabetes

OverallOverall

121    447  121    447  158    434  158    434  0.710.71
270    817  270    817  310    849  310    849  0.890.89

153    360  153    360  178    371  178    371  0.850.85
359  1150  359  1150  419  1143  419  1143  0.820.82

512  1511        600  1518        0.83512  1511        600  1518        0.83



ConclusionsConclusions

The combination of carvedilol and an ACE The combination of carvedilol and an ACE 
inhibitor therapy resulted in a highly significant inhibitor therapy resulted in a highly significant 
improvement of LV remodelling and function improvement of LV remodelling and function 

Patients receiving carvedilol, either as Patients receiving carvedilol, either as 
monotherapy or in combination with enalapril, monotherapy or in combination with enalapril, 
showed a reversal of LV remodelling showed a reversal of LV remodelling -- results not results not 
observed with enalapril monotherapyobserved with enalapril monotherapy



Clinical ImplicationsClinical Implications

Carvedilol was safely initiated before ACE Carvedilol was safely initiated before ACE 
inhibition and reversed LV remodelling in CHF. inhibition and reversed LV remodelling in CHF. 
This might challenge the historical sequence of This might challenge the historical sequence of 
initiating ACE inhibition before initiating ACE inhibition before ββ blockadeblockade

The CARMEN results confirm the current The CARMEN results confirm the current 
treatment guidelines and provide an additional treatment guidelines and provide an additional 
mandate for mandate for not delaying prescription of not delaying prescription of 
combination therapy of an ACE inhibitor and combination therapy of an ACE inhibitor and 
carvedilol in mildcarvedilol in mild--moderate heart failure.moderate heart failure.



Are There Differences Between Are There Differences Between ββ Blockers?Blockers?

ββ blockers are a heterogeneous class blockers are a heterogeneous class 

–– More than 15 agents available More than 15 agents available 
Only three have shown significant survival benefits in mild Only three have shown significant survival benefits in mild 
to moderate CHFto moderate CHF

–– CarvedilolCarvedilol
–– MetoprololMetoprolol
–– BisoprololBisoprolol

Only Only carvedilolcarvedilol has shown a mortality benefit in severe CHF has shown a mortality benefit in severe CHF 
in a large scale prospective in a large scale prospective randomisedrandomised trialtrial



Objective / DesignObjective / Design
•• to evaluate the effect of to evaluate the effect of carvedilolcarvedilol on clinical on clinical 

outcome in patients with LV dysfunction following outcome in patients with LV dysfunction following 
an acute myocardial infarction (AMI) treated in the an acute myocardial infarction (AMI) treated in the 
modern eramodern era

•• multicentremulticentre, randomised, placebo, randomised, placebo--controlled, controlled, 
parallelparallel--group trial in patients with LV ejection group trial in patients with LV ejection 
fraction fraction ≤≤ 40% with or without heart failure40% with or without heart failure



Inclusion CriteriaInclusion Criteria

•• confirmed acute myocardial infarction within 3 confirmed acute myocardial infarction within 3 -- 21 21 
days (mean of 10 days)days (mean of 10 days)

•• LV ejection fraction LV ejection fraction ≤≤ 40%40%

•• all appropriate treatments for MI including aspirin, all appropriate treatments for MI including aspirin, 
thrombolysisthrombolysis and and percutaneouspercutaneous interventionsinterventions

•• receiving an ACE inhibitor for receiving an ACE inhibitor for ≥≥ 48 hours48 hours

•• patients were usually patients were usually hospitalisedhospitalised, but may have been , but may have been 
recently dischargedrecently discharged
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Major Coronary EventsMajor Coronary Events
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log ranklog rank
P valueP value
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Non Fatal MINon Fatal MI 0.0140.014

0.710.71
All Cause All Cause 
Mortality orMortality or
NonNon--Fatal MI

0.0020.002

Fatal MI

Hazard Ratio / 95% CIHazard Ratio / 95% CI



Effect on Cardiac ArrhythmiaEffect on Cardiac Arrhythmia

PlaceboPlacebo CarvedilolCarvedilol Hazard ratioHazard ratio PP--ValueValue
(95% CI)(95% CI)

Any Any supraventricularsupraventricular 5454 2626 0.480.48 0.00150.0015
arrhythmiaarrhythmia (0.30 (0.30 -- 0.76)0.76)

AtrialAtrial flutter or flutter or atrialatrial 5353 2222 0.410.41 0.00030.0003
fibrillationfibrillation (0.25 (0.25 -- 0.68)0.68)

Any ventricular Any ventricular 6969 2626 0.370.37 < 0.0001< 0.0001
arrhythmiaarrhythmia (0.24 (0.24 -- 0.58)0.58)

Ventricular tachycardia Ventricular tachycardia 4040 1212 0.300.30 < 0.0001< 0.0001
or ventricular fibrillationor ventricular fibrillation (0.16 (0.16 -- 0.57)0.57)

McMurray et al. AHA 2001McMurray et al. AHA 2001
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Xamoterol in severe heart failure

516 patients randomised to xamoterol (200 mg bd) or placebo
Symptoms and exercise capacity unchanged
Heart rate and systolic blood pressure reduced

Xamoterol Placebo

n 352 164

Total withdrawals (%) 67 (19 %) 19 (12%)
% of withdrawals 73% 62%
with cardiovascular origins

Total deaths (%) 32 (9.1%) 6 (3.7%)    p = 0.02

from Lancet 1990;336:1-6



RemodellingRemodelling in CAPRICORNin CAPRICORN
∆∆ = = -- 9.2 ml9.2 ml
P = 0.031

∆∆ = = + 3.9%+ 3.9%
P = 0.0037P = 0.031 P = 0.0037
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CAPRICORN CAPRICORN conclusionconclusion

In LV In LV dysfunctiondysfunction and and heartheart failurefailure postpost--MI MI 
carvedilolcarvedilol significanlysignificanly improvedimproved survivalsurvival

ReducesReduces recurrentrecurrent MI and combine MI and combine endpointendpoint allall--
causecause mortalitymortality and and nonnon--fatalfatal MIMI

PreventsPrevents atrialatrial flutterflutter //fibrillationfibrillation and and seriousserious
ventricaularventricaular arrhythmiasarrhythmias ( VT/VF)( VT/VF)

LeadsLeads toto reversedreversed LV LV remodellingremodelling



Effects of metoprolol and carvedilol on beta 
receptors

Carvedilol Metoprolol

Non-selective β antagonist Selective β1 antagonist
Balanced β1 agonist Inverse β1 agonist
β1 receptor not up-regulated β1 receptor up-regulated
High affinity Low affinity

Partial inverse β2 agonist
Signal trafficking
Reduces β2 stimulation of cAMP
β2 links to Gi, Gi inhibits β1





Issues arising from COMET

1.   Validity of trial

2.   Mechanisms for findings

3.   Clinical implications



Effects of carvedilol on beta 2 receptors

R (state 2)

Carvedilol
(ICI118551)

R* (state 1)

Signal trafficking
Gi cAMP

PKA
Inhibits apoptosis
Prevents hypertrophy
Opposes β1 activation
Magnifies negative inotropy of NCX

Harding et al 
Cong Heart Failure 
2004;10:181-187



Washout of beta-blockers from isolated human atrial muscle

Control

Metoprolol
Carvedilol

log isoproterenol (mol/l)

after
washout of
beta-blockers

Kindermann et al Circulation 2004;109:3182-3190



Plasma concentration of metoprolol and carvedilol and heart rate
response to dobutamine in human volunteers after 44 hours withdrawal

Kindermann et al Circulation 2004;109:3182-31

Metoprolol succinate Carvedilol

Dobutamine (ug/kg/min)



Beta 2 receptors in heart failure

1. 30% of adrenoreceptors are beta 2 in humans
In heart failure not down regulated; proportion increases

2. Cause tachycardia and positive inotropy on stimulation

3. Promote release of noradrenaline in neuronal synapse
(Negative inotropy if blocked by carvedilol 
in isolated myocytes)

4. May promote/prevent cell growth and apoptosis

5. Can promote arrhythmias





COPERNICUS: Weeks 1 to 8COPERNICUS: Weeks 1 to 8
Worsening CHFWorsening CHF
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RealityReality
Regarding Tolerability Regarding Tolerability 
of of ββ Blockade in CHFBlockade in CHF

Initiation and upInitiation and up--titration not as complex as titration not as complex as 
perceived perceived 

No increased risk of intolerance and / or No increased risk of intolerance and / or 
worsening of CHF symptoms with initiation of worsening of CHF symptoms with initiation of 
carvedilolcarvedilol

All of the above appears to hold true in patients All of the above appears to hold true in patients 
with advanced diseasewith advanced disease



CACArvedilolrvedilol RRemodelingemodeling in in MMild ild heartheart
failurefailure EEvaluatiovaluatioNN



Treatment of CHF: ESC Guidelines Treatment of CHF: ESC Guidelines 

ACE inhibitor as firstACE inhibitor as first--line   line   
treatmenttreatment

add β-blocker if  still 
symptomatic

continue ACE inhibitor if continue ACE inhibitor if 
asymptomatic, add asymptomatic, add ββ--blocker if  blocker if  
post MIpost MI

NYHA NYHA 
IVIV

NYHA NYHA 
IIIIII

NYHA NYHA 
IIII

NYHANYHA
II

diuretics + digitalisdiuretics + digitalis
+ nitrates / + nitrates / hydralazinehydralazine
if toleratedif tolerated
+ temporary + temporary inotropicinotropic
supportsupport

+ + diuretics + digitalisdiuretics + digitalis
if still symptomaticif still symptomatic
+ nitrates / + nitrates / hydralazinehydralazine
if toleratedif tolerated

+/+/-- diuretic depending on diuretic depending on 
fluid retentionfluid retention

reduce / stop diureticreduce / stop diuretic

For SymptomsFor Symptoms For Survival/MorbidityFor Survival/Morbidity
mandatory therapymandatory therapy

For Symptoms if Intolerance to For Symptoms if Intolerance to 
ACE inhibition or ACE inhibition or ββ--blockade

ACE inhibitorACE inhibitor
ββ--blockadeblockade
spironolactonespironolactone

blockade

ARB if ACE inhibitor intolerantARB if ACE inhibitor intolerant

or ACE inhibitor + ARB  if or ACE inhibitor + ARB  if 
ββ--blocker intolerantblocker intolerant

ACE inhibitor and ACE inhibitor and ββ--blockadeblockade
add add spironolactonespironolactone

ARB if ACE inhibitor intolerantARB if ACE inhibitor intolerant

or ACE inhibitor +ARB if or ACE inhibitor +ARB if 
ββ--blocker intolerantblocker intolerant

ARB if ACE inhibitor intolerant ARB if ACE inhibitor intolerant 

or ACE inhibitor +ARB  if or ACE inhibitor +ARB  if 
ββ--blocker intolerantblocker intolerant

Remme WJ, Swedberg K.et al Eur Heart J 2001; 22: 1527-60



HeartHeart FailureFailure TreatmentTreatment ––
Should ACE inhibition always be firstShould ACE inhibition always be first--line line 

therapy?  therapy?  

Or could alternative forms of treatment , i.e. BetaOr could alternative forms of treatment , i.e. Beta--
blockade be as useful or possibly better ?blockade be as useful or possibly better ?

Target effective therapy in the individual Target effective therapy in the individual 

IfIf ACE ACE inhibitioninhibition is is firstfirst--lineline therapytherapy shouldshould betabeta--
blockadeblockade onlyonly bebe addedadded ifif patientspatients remainremain
symptomaticsymptomatic ? ? –– introducesintroduces a a delaydelay in in betabeta--
blockadeblockade prescriptionprescription



BetaBeta--blockadeblockade in in heartheart failurefailure

Are Are allall betabeta--blockersblockers
equallyequally effectiveeffective in the in the 
treatmenttreatment of of heartheart failurefailure ??

ResultsResults fromfrom
COMETCOMET



Pharmacological Differences Within Pharmacological Differences Within 
the the ββ Blocker ClassBlocker Class

ββ11 ββ22 αα11 Ancillary Ancillary 
blockadeblockade blockadeblockade blockade     ISA       effects*blockade     ISA       effects*

CarvedilolCarvedilol ++++++ +++           ++++++           +++ -- ++++++

MetoprololMetoprolol ++++++ -- -- -- --

BisoprololBisoprolol ++++++ -- -- -- --

*anti*anti--oxidant, antioxidant, anti--endothelinendothelin, anti, anti--proliferativeproliferative

Metra M et al. Am Heart J 2000Metra M et al. Am Heart J 2000



Effects of Effects of ββ22--ReceptorsReceptors

Direct Direct chronotropicchronotropic, , inotropicinotropic, , lusitropiclusitropic
((cAMPcAMP mediated)mediated)

Hypertrophy, fibrosis, Hypertrophy, fibrosis, remodellingremodelling

AntiAnti--apoptoticapoptotic

ArrhythmogenicArrhythmogenic

Facilitation of Facilitation of norepinephrinenorepinephrine release (release (presynapticpresynaptic) ) 



Effects of Effects of αα11 ReceptorsReceptors

Myocardial hypertrophy, fibrosis, remodelingMyocardial hypertrophy, fibrosis, remodeling

CardiotoxicityCardiotoxicity (with (with ββ receptors)receptors)

ArrhythmogenicArrhythmogenic

Peripheral vasoconstrictionPeripheral vasoconstriction

Renal Renal hypoperfusionhypoperfusion and sodium retentionand sodium retention





0.500.50 0.750.75 1.001.00 1.251.25 1.501.50

malemale
femalefemale
< 65< 65
≥≥ 6565
IIII
IIIIII
IVIV
OtherOther
IHDIHD
≤≤ 25%25%
> 25%> 25%
< 80< 80
≥≥ 8080
< 110< 110
110 110 -- 139139
≥≥ 140140
yesyes
nono

CarvedilolCarvedilol betterbetter Metoprolol betterMetoprolol better

deaths  ndeaths  n deaths  ndeaths  n HRHR
CarvedilolCarvedilol MetoprololMetoprolol

Mortality in SubMortality in Sub--groupsgroups

SexSex 410  1200  410  1200  500  1217  500  1217  0.800.80
102    311  102    311  100    301  100    301  0.970.97

AgeAge 207    834  207    834  231    803  231    803  0.84 0.84 
305    677  305    677  369    715 369    715 0.840.84

NYHANYHA 175    730  175    730  228    736 228    736 0.750.75
309    732  309    732  324    716 324    716 0.910.91
28      49    28      49    48      66  48      66  0.680.68

CauseCause 198    735  198    735  219    703  219    703  0.830.83
314   776  314   776  381    815  381    815  0.850.85

LVEFLVEF 270    706  270    706  285    630  285    630  0.790.79
221    743  221    743  287    819  287    819  0.840.84

Heart rateHeart rate 234    693  234    693  284    733  284    733  0.860.86
277    816  277    816  314    783  314    783  0.800.80

Systolic BPSystolic BP 120    245  120    245  132    235  132    235  0.800.80

DiabetesDiabetes

OverallOverall

121    447  121    447  158    434  158    434  0.710.71
270    817  270    817  310    849  310    849  0.890.89

153    360  153    360  178    371  178    371  0.850.85
359  1150  359  1150  419  1143  419  1143  0.820.82

512  1511        600  1518        0.83512  1511        600  1518        0.83





Death plus hospitalisation for Death plus hospitalisation for 
worsening heart failureworsening heart failure
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Were the Differences of the Effects of Were the Differences of the Effects of 
CarvedilolCarvedilol and and MetoprololMetoprolol on HR Clinically on HR Clinically 

Meaningful ?Meaningful ?

HR was reduced to a greater extent with carvedilol compared to HR was reduced to a greater extent with carvedilol compared to 
metoprololmetoprolol
–– The difference was slight (1.6 The difference was slight (1.6 bpmbpm) and transient (4, 8 ) and transient (4, 8 

and 16 months only)and 16 months only)

–– The effects of betaThe effects of beta--blockade on absolute mortality was blockade on absolute mortality was 
independent from the HR changes in CIBISindependent from the HR changes in CIBIS--IIII





Degree of Degree of ββ11--Blockade Can Be Assessed by Blockade Can Be Assessed by 
Inhibition of ExerciseInhibition of Exercise--Induced TachycardiaInduced Tachycardia
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100 mg BID100 mg BID
50 mg BID50 mg BID

Hours After Hours After MetoprololMetoprolol IR AdministrationIR Administration
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MERITMERIT--HF: Effect of Dose on Survival BenefitHF: Effect of Dose on Survival Benefit

PlaceboPlacebo
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Summary and ConclusionSummary and Conclusion
First headFirst head--toto--head mortality study comparing two head mortality study comparing two 
betabeta--blocking agents in CHFblocking agents in CHF

CarvedilolCarvedilol saved significantly more lives than saved significantly more lives than 
metoprolol (by 17%, P = 0.0017) metoprolol (by 17%, P = 0.0017) 

CarvedilolCarvedilol compared to metoprolol reduced annual compared to metoprolol reduced annual 
mortality from 10.0% to 8.3% and prolonged median mortality from 10.0% to 8.3% and prolonged median 
survival by 1.4 yearssurvival by 1.4 years

CarvedilolCarvedilol significantly reduced all MI, stroke death significantly reduced all MI, stroke death 
and new onset diabetes as compared to and new onset diabetes as compared to metoprololmetoprolol



COMETCOMET

ResultsResults Clear and definitiveClear and definitive

Mechanism Mechanism Unlikely to be due to doses or  Unlikely to be due to doses or  
formulations of drugs.formulations of drugs.

Most probable explanation is betaMost probable explanation is beta--2 and 2 and alphaalpha--1 1 
adrenoceptoradrenoceptor blockadeblockade

ClinicalClinical implicationsimplications The preferred beta blocker The preferred beta blocker 
in the treatment of heart failure is in the treatment of heart failure is carvedilolcarvedilol
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MetoprololMetoprolol IR and XL/CRIR and XL/CR
show both 34% RR over 5 years post MIshow both 34% RR over 5 years post MI

MetoprololMetoprolol IR (N=413)IR (N=413)
12.5, 25, 50 or 100 mg bid12.5, 25, 50 or 100 mg bid
vsvs No No ββ--blocker (N=246)blocker (N=246)
Period 1986Period 1986--87

MetoprololMetoprolol XL/CR (N=876)XL/CR (N=876)
25, 50, 100 or 200 mg 25, 50, 100 or 200 mg odod
Vs. No Vs. No ββ--blocker (N=339)blocker (N=339)
Period 1990Period 1990--9187 91

RR 34%, p<0.001 RR 34%, p<0.001 RR 34%, p<0.001 RR 34%, p<0.001 

HerlitzHerlitz, , CardiovascCardiovasc Drugs & Drugs & TherTher 19991999-- -- -- No No ββ--blocker,blocker, MetoprololMetoprolol





LV function [PP population]LV function [PP population]
Mean Change Baseline to 18 monthsMean Change Baseline to 18 months
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Conclusions Subgroup ResultsConclusions Subgroup Results
In CARMEN baseline HR was an important predictor of In CARMEN baseline HR was an important predictor of 
the magnitude of the benefit of the magnitude of the benefit of carvedilolcarvedilol on remodeling. on remodeling. 

The largest effects of The largest effects of carvedilolcarvedilol on remodeling were on remodeling were 
seen in patients with higher heart rates (>75bpm).seen in patients with higher heart rates (>75bpm).

CarvedilolCarvedilol may be considered firstmay be considered first--line line treatmentreatment in t in 
mildmild--moderate heart failuremoderate heart failure when heart rates are high.when heart rates are high.



CouldCould the the smallsmall differencedifference in HR in HR reductionreduction explainsexplains
greatergreater genefitsgenefits of of carvedilolcarvedilol??

No No interactioninteraction betweenbetween effect effect onon mortalitymortality and and 
∆∆ HRHR

ByBy multivariatemultivariate analysisanalysis neitherneither baseline HR nor baseline HR nor 
∆∆ HR HR associatedassociated withwith mortalitymortality



COMET: Median SurvivalCOMET: Median Survival

CarvedilolCarvedilol 8.0 years8.0 years
Metoprolol 6.6 yearsMetoprolol 6.6 years

CarvedilolCarvedilol prolonged median survival by 1.4 years beyond that prolonged median survival by 1.4 years beyond that 
achieved with metoprololachieved with metoprolol

Assuming constant hazardAssuming constant hazard

Poole-Wilson PA et al. Lancet. 2003;362:7–13.



Cardiovascular and
Non-Cardiovascular Death

Mortality %

10

20

30

40

Carvedilol CV Death
Metoprolol CV Death

Carvedilol Non-CV Death
Metoprolol Non-CV Death

CV death hazard ratio 0.797 
95% CI 0.702 - 0.904, p=0.0004

Non-CV death hazard ratio 1.078
95% CI 0.773 - 1.502, p=0.6592

0
0 1 4 5

Time (years)
2 3

Metoprolol 1518
Number at risk

1359 1234 1105 933 352
Carvedilol 1511 1366 1258 1154 1002 383



Adrenergic Receptor Densities Adrenergic Receptor Densities 
in Human LV Myocardiumin Human LV Myocardium
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Time Course of Plasma Levels of Time Course of Plasma Levels of MetoprololMetoprolol
and and CarvedilolCarvedilol During 24During 24--Hour PeriodHour Period
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Abrahamson et al. J Abrahamson et al. J ClinClin PharmacolPharmacol 19901990



Absolute Changes in Exercise Tolerance and Absolute Changes in Exercise Tolerance and 
Symptoms After LongSymptoms After Long--term Treatment withterm Treatment with

MetoprololMetoprolol or or CarvedilolCarvedilol
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Adrenergic Activation Leads to Remodelling Adrenergic Activation Leads to Remodelling 
Through Both Through Both αα and and ββ ReceptorsReceptors

β2

RAFRAF--1 1 kinasekinase MAP MAP kinasekinase

PKPK--AA

PKPK--CC CaCa2+2+

ATPATP cAMPcAMP PIPPIP22

EE
β1

NENE

MolecularMolecular
Signals for RemodellingSignals for Remodelling
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Adrenergic Receptor Densities Adrenergic Receptor Densities 
in Human LV Myocardiumin Human LV Myocardium
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Endpoint of hospitalisation
Death or all cause

hospitalisation
Endpoint (%)
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Hazard ratio 0.937
95% CI 0.863 – 1.017
p = 0.1219
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Hazard ratio 0.89
95% CI 0.807 – 0.981
p = 0.019

Metoprolol
Carvedilol

Death or hospitalization
for worsening heart failure
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Hazard ratio 0.967
95% CI 0.887 – 1.054
p = 0.4478

All cause
hospitalization
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Poole-Wilson, HFSA 2003



CarvedilolCarvedilol, But Not Metoprolol, Reduces , But Not Metoprolol, Reduces 
Total Body and Cardiac Sympathetic DriveTotal Body and Cardiac Sympathetic Drive

Total BodyTotal Body
Norepinephrine Spillover 

CardiacCardiac
Norepinephrine SpilloverNorepinephrine Spillover Norepinephrine Spillover
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Baseline echocardiographic characteristics

 Carvedilol 
& Enalapril 

 

Carvedilol 
 

Enalapril 
 

Low Heart rate N=66 N=75 N=67 
LVESVI (ml/m2)  54.9 ± 2.1 61.5 ± 3.2 61.5 ± 3.1
LVEDVI (ml/m2)  79.6 ± 2.4 86.9 ±  3.7 87.3 ± 3.4
LVEF (%)  31.8 ± 0.7 30.7 ± 0.7 30.8 ± 0.8
    
High Heart Rate N=92 N=86 N=93 
LVESVI (ml/m2)  62.2 ±2.4 65.7 ± 2.5 63.6 ± 2.2
LVEDVI (ml/m2)  86.0 ± 2.6 89.5 ± 2.8 87.7 ± 2.4
LVEF (%)  28.9 ± 0.7 28.0 ± 0.7 28.6 ± 0.7
 

Means Means ±± SDSD



Dose Response Characteristics for Dose Response Characteristics for ββ BlockersBlockers

MetoprololMetoprolol IRIR 50       100    150     20050       100    150     200 300                400300                400
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BetaBeta--blockadeblockade in in heartheart failurefailure

Is Is therethere anyhtinganyhting newnew??

CARMEN CARMEN indicatesindicates thatthat betabeta--
blockadeblockade ((carvedilolcarvedilol) ) shouldshould notnot bebe
delayeddelayed in in earlyearly CHF CHF 

and and 

cancan bebe firstfirst--choicechoice treatmenttreatment



Adrenergic Activation Leads to Remodelling Adrenergic Activation Leads to Remodelling 
Through Both Through Both αα and and ββ ReceptorsReceptors

β2

RAFRAF--1 kinase1 kinase MAP kinaseMAP kinase

PKPK--AA

PKPK--CC CaCa2+2+

ATPATP cAMPcAMP PIPPIP22
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MolecularMolecular
Signals for RemodellingSignals for Remodelling
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Background on Background on RemodellingRemodelling

Acute infarctionAcute infarction
(hours)(hours)

Infarct expansionInfarct expansion
(hours to days)(hours to days)

Global remodellingGlobal remodelling
(days to months)(days to months)

Improvement of LV remodelling has been Improvement of LV remodelling has been 
associated with improvement in mortality and associated with improvement in mortality and 
morbidity outcomes in CHFmorbidity outcomes in CHF



Inclusion CriteriaInclusion Criteria

Male or female patients Male or female patients ≥≥ 18 years of age with 18 years of age with 
stable mild heart failure (> twostable mild heart failure (> two--month history of month history of 
symptoms)symptoms)
Ejection fraction of Ejection fraction of ≤≤ 0.39 at baseline0.39 at baseline
Echocardiographic recordings of sufficient Echocardiographic recordings of sufficient 
qualityquality
Unmodified heart failure medication (2 weeks)Unmodified heart failure medication (2 weeks)
No acute cardiovascular hospitalisationsNo acute cardiovascular hospitalisations
(2 weeks)(2 weeks)
Written informed consentWritten informed consent



BetaBeta--blockadeblockade in in heartheart failurefailure

Is Is therethere anythinganything newnew??

COPERNICUS COPERNICUS indicatesindicates thatthat
carvedilolcarvedilol leadsleads toto lessless
withdrawalswithdrawals and and betterbetter efficacyefficacy
duringduring the the earlyearly phasephase of of 
administrationadministration in in severesevere CHFCHF



ACE Inhibition Prevents Remodelling:ACE Inhibition Prevents Remodelling:
SOLVD SOLVD –– Echocardiographic SubstudyEchocardiographic Substudy
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Mean Change in LVESVIMean Change in LVESVI
from baselinefrom baseline

*     *
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***   ***   ******   ***   ***

* P < 0.05; ** P < 0.01; *** P < 0.001* P < 0.05; ** P < 0.01; *** P < 0.001
White White asteriksasteriks: Significant changes from baseline (within group comparison): Significant changes from baseline (within group comparison)

# P values for # P values for ∆∆ BL to M6, M12, M18 between group comparisonsBL to M6, M12, M18 between group comparisons
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32 Post32 Post--InfarctionInfarction
Trials (n = 26,580)Trials (n = 26,580)

27 Heart Failure27 Heart Failure
Trials (n = 15,851)Trials (n = 15,851)

ββ1 +1 + ββ22
and/or and/or αα11

ββ1 only1 only

0.600.60 0.800.80 1.001.00

ββ blocker blocker 
betterbetter

ββ blocker blocker 
worseworse

0.500.50 0.750.75 1.001.00

ββ blocker blocker 
betterbetter

ββ blocker blocker 
worseworse

ββ blockersblockers
with ISAwith ISA

∆∆ = 13%= 13% ∆∆ = 13%= 13%

1.251.25



Mean Heart RateMean Heart Rate
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‘‘Pan CV EndpointPan CV Endpoint’’
(CV Death, MI or CHF)(CV Death, MI or CHF)

PlaceboPlacebo CarvedilolCarvedilol Hazard Hazard Log rankLog rank
(n = 984)(n = 984) (n = 975)(n = 975) RatioRatio P valueP value

(95% CI)(95% CI)

258 (26%)258 (26%) 211 (22%)211 (22%) 0.810.81 0.0230.023
(0.68 (0.68 -- 0.97)0.97)



Event Rate (%) in STEMI and NSTEMI Event Rate (%) in STEMI and NSTEMI 
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ResultsResults
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NeurohormonalNeurohormonal Blockade Post MI:Blockade Post MI:
Number NeededNumber Needed--ToTo--Treat Treat 

Treatment                  Treatment                  NNT to prevent one death / yearNNT to prevent one death / year

BetaBeta--blockers   blockers   
All patients (overview)                        All patients (overview)                        9696

ACE inhibitionACE inhibition
LV dysfunction (SAVE)                       LV dysfunction (SAVE)                       6060
CHF (AIRE)                                           CHF (AIRE)                                           2121

CarvedilolCarvedilol
LV dysfunction LV dysfunction 4343
(ACE inhibition established)(ACE inhibition established)

Sharpe AHA 2002Sharpe AHA 2002



Neuroendocrine Imbalance in HFNeuroendocrine Imbalance in HF--
Pivotal in Cardiac RemodellingPivotal in Cardiac Remodelling

GrowthGrowth--promotingpromoting
1.1. NorepinephrineNorepinephrine
2.2. AngiotensinAngiotensin IIII
3.3. AldosteroneAldosterone
4.4. EndothelinEndothelin
5.5. Arginine Vasopressin (?)Arginine Vasopressin (?)

AntiAnti--Proliferative Proliferative 
substances:substances:
1.1. Natriuretic PeptidesNatriuretic Peptides
2.2. BradykininBradykinin
3.3. Nitric OxideNitric Oxide



Antiadrenergic Therapy by Antiadrenergic Therapy by ββ BlockadeBlockade

Sympathetic activationSympathetic activation

Remodelling EffectsRemodelling Effects

PropranololPropranolol

CarvedilolCarvedilol

Bisoprolol
AtenololAtenolol

MetoprololMetoprolol

ββ22
receptorsreceptors

ββ1 1 
receptorsreceptors

αα11
receptorsreceptors



AllAll--Cause Mortality orCause Mortality or
Recurrent Myocardial InfarctionRecurrent Myocardial Infarction

1.01.0

The CAPRICORN Investigators. Lancet 2001The CAPRICORN Investigators. Lancet 2001
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Discontinuation Rates inDiscontinuation Rates in
MildMild--Moderate and Severe CHFModerate and Severe CHF

US US CarvedilolCarvedilol
n=1094n=1094

CIBISCIBIS--IIII
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AllAll--cause Mortality or Hospitalisationcause Mortality or Hospitalisation

Carvedilol (C)Carvedilol (C)
Carvedilol + Enalapril (E)Carvedilol + Enalapril (E)
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AIMSAIMS

EvaluateEvaluate efficacyefficacy in in termsterms of LV of LV remodellingremodelling and and 
functionfunction, , tolerabilitytolerability and and safetysafety of of carvedilolcarvedilol
alonealone oror the the combinationcombination carvedilolcarvedilol/ACE /ACE 
inhibitioninhibition versus ACE versus ACE inhibitioninhibition alonealone in in patientspatients
withwith mildmild-- moderate moderate heartheart failurefailure



EndpointsEndpoints

Primary endpointPrimary endpoint
–– Change from baseline to month 18 in LVESVI assessed Change from baseline to month 18 in LVESVI assessed 

by echocardiography betweenby echocardiography between
–– Carvedilol & Carvedilol & EnalaprilEnalapril versus versus EnalaprilEnalapril
–– Carvedilol versus Carvedilol versus EnalaprilEnalapril

Major secondary endpointsMajor secondary endpoints
–– changes from baseline in LVESVI within treatment groupchanges from baseline in LVESVI within treatment group
–– changes from baseline in LVEDVI, LVEFchanges from baseline in LVEDVI, LVEF

LVESVI = left ventricular LVESVI = left ventricular endsystolicendsystolic volume indexvolume index
LVEDVI = left ventricular LVEDVI = left ventricular enddiastolicenddiastolic volume indexvolume index



Baseline NYHA & LV AssessmentsBaseline NYHA & LV Assessments

C & EC & E CC EE
N = 158N = 158 N = 161N = 161 N = 160N = 160

Class I (%)Class I (%) 77 99 77

Class II (%)Class II (%) 6868 6565 6262

Class III (%)Class III (%) 2525 2626 3131

LVESVI (ml/mLVESVI (ml/m22)) 59.259.2 63.763.7 62.762.7

LVEDVI (ml/mLVEDVI (ml/m22)) 83.383.3 88.388.3 87.687.6

LVEF (%)LVEF (%) 30.130.1 29.329.3 29.529.5



Does Baseline Heart Rate Determine the Effect Does Baseline Heart Rate Determine the Effect 
of of CarvedilolCarvedilol on Ventricular Remodeling in on Ventricular Remodeling in 

Heart Failure? Heart Failure? ––

Results of a CARMEN subResults of a CARMEN sub--studystudy



Are There Differences Between Are There Differences Between ββ Blockers?Blockers?

ββ blockers are a heterogeneous class blockers are a heterogeneous class 
–– More than 15 agents available More than 15 agents available 

Only three have shown significant survival Only three have shown significant survival 
benefits in mild to moderate CHFbenefits in mild to moderate CHF
–– CarvedilolCarvedilol
–– MetoprololMetoprolol
–– BisoprololBisoprolol

Only Only carvedilolcarvedilol has shown a mortality benefit in has shown a mortality benefit in 
severe CHF in a large scale prospective severe CHF in a large scale prospective 
randomisedrandomised trialtrial



Flow Chart of PatientsFlow Chart of Patients

RandomisedRandomised
30293029

CarvedilolCarvedilol
15111511

MetoprololMetoprolol
1518

Assigned to drug Assigned to drug 
and received at least one tablet 1518and received at least one tablet

Withdrew consent  10Withdrew consent  10
Lost to followLost to follow--up up 3

Withdrew consent 18Withdrew consent 18
Lost to followLost to follow--up up 23 2



Baseline Characteristics Baseline Characteristics 

54545252Aetiology (IHD %)Aetiology (IHD %)
42.2/2042.2/2042.6/2242.6/22Months of HF (mean/median)Months of HF (mean/median)

24 24 2424DiabetesDiabetes
19192020AF/flutter (%)AF/flutter (%)

81818181Heart rate (beats/min)Heart rate (beats/min)

49/47/449/47/448/48/348/48/3NYHA class (%) II/III/IVNYHA class (%) II/III/IV
77777777Diastolic BP (mm Hg)Diastolic BP (mm Hg)

126126126126Systolic BP (mm Hg)Systolic BP (mm Hg)

80807979Male (%)Male (%)
62 (11.4)62 (11.4)62 (11.3)62 (11.3)Age (y, mean/Age (y, mean/sdsd))

Metoprolol Metoprolol 
(n=1518)(n=1518)

CarvedilolCarvedilol
(n=1511)(n=1511)



CarvedilolCarvedilol, But Not Metoprolol, Reduces , But Not Metoprolol, Reduces 
Total Body and Cardiac Sympathetic DriveTotal Body and Cardiac Sympathetic Drive

Total BodyTotal Body
Norepinephrine Spillover 

CardiacCardiac
Norepinephrine SpilloverNorepinephrine Spillover Norepinephrine Spillover
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CarvedilolCarvedilol Reverses LV Reverses LV RemodellingRemodelling to a to a 
Greater Extent than Greater Extent than MetoprololMetoprolol
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ββ blockers in NYHA class IV heart failureblockers in NYHA class IV heart failure

Proportion of patientsProportion of patients
with class IV heart failurewith class IV heart failure

US US CarvedilolCarvedilol Programme Programme 3%3%

MERITMERIT--HFHF 4%4%

CIBISCIBIS--IIII 17%17%

BESTBEST 8%8%



Results of Direct Comparison Trials withResults of Direct Comparison Trials with
MetoprololMetoprolol and and CarvedilolCarvedilol in CHF Patientsin CHF Patients
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Secondary EndpointsSecondary Endpoints Major Coronary EventsMajor Coronary Events

P value
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6
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CAPRICORN:CAPRICORN:
AllAll--Cause Mortality Subgroups

Age <70 (n=1341)
Age >70 (n=618)

Men (n=1440)
Women (n=519)

Prior MI (n=589)
No prior MI  (n=1370)

Thrombolytic (n=718)
No thrombolytic (n=1241)

PTCA for MI (n=243)
No PTCA for MI (n=1716)

Hazard Ratio
0.4 0.7 1.0 1.3

Current/prior CHF (n=936)
No current/prior CHF (n=1023)

Diuretics during MI (n=658)
No diuretics during MI (n=1301)

Angina (n=1090)
No angina (n=869)

Hypertension (n=1055)
No hypertension (n=904)

Diabetes (n=437)
No diabetes (n=1522)

Heart rate <70 (n=590)
Heart rate >70 (n=1365)

Hazard Ratio
0.4 0.7 1.0 1.3

Cause Mortality Subgroups

The CAPRICORN Investigators. Lancet. 2001;357:1385–1390.



COPERNICUSCOPERNICUS

Effect of carvedilol on mortalityEffect of carvedilol on mortality

AllAll
patientspatients

Recent or recurrentRecent or recurrent
decompensationdecompensation

1.251.251.01.0
Favours placeboFavours placebo

Annual placebo mortality rate Annual placebo mortality rate 
(per patient(per patient--year)year)

19.7%19.7%

28.5%28.5%

0.50.5 0.750.750.250.2500
Favours treatmentFavours treatment



Adverse EventsAdverse Events

C & EC & E CC EE
N = 191N = 191 N = 191N = 191 N = 190N = 190

% pts. Any AE% pts. Any AE 7979 7777 7575
Total No. of AETotal No. of AE 497497 426426 461461
% pts. Serious AE% pts. Serious AE 2828 2929 3434
Total No. of SAETotal No. of SAE 8181 101101 9494
% pts. AE leading to% pts. AE leading to 1818 1818 2121
withdrawalwithdrawal
Total No. of AE leadingTotal No. of AE leading 4545 4343 4848
to withdrawalto withdrawal



Treatment of CHF: ESC Guidelines Treatment of CHF: ESC Guidelines 

ACE inhibitor as firstACE inhibitor as first--line   line   
treatmenttreatment

add β-blocker if  still 
symptomatic

continue ACE inhibitor if continue ACE inhibitor if 
asymptomatic, add asymptomatic, add ββ--blocker if  blocker if  
post MIpost MI

NYHA NYHA 
IVIV

NYHA NYHA 
IIIIII

NYHA NYHA 
IIII

NYHANYHA
II

diuretics + digitalisdiuretics + digitalis
+ nitrates / + nitrates / hydralazinehydralazine
if toleratedif tolerated
+ temporary + temporary inotropicinotropic
supportsupport

+ + diuretics + digitalisdiuretics + digitalis
if still symptomaticif still symptomatic
+ nitrates / + nitrates / hydralazinehydralazine
if toleratedif tolerated

+/+/-- diuretic depending on diuretic depending on 
fluid retentionfluid retention

reduce / stop diureticreduce / stop diuretic

For SymptomsFor Symptoms For Survival/MorbidityFor Survival/Morbidity
mandatory therapymandatory therapy

For Symptoms if Intolerance to For Symptoms if Intolerance to 
ACE inhibition or ACE inhibition or ββ--blockade

ACE inhibitorACE inhibitor
ββ--blockadeblockade
spironolactonespironolactone

blockade

ARB if ACE inhibitor intolerantARB if ACE inhibitor intolerant

or ACE inhibitor + ARB  if or ACE inhibitor + ARB  if 
ββ--blocker intolerantblocker intolerant

ACE inhibitor and ACE inhibitor and ββ--blockadeblockade
add add spironolactonespironolactone

ARB if ACE inhibitor intolerantARB if ACE inhibitor intolerant

or ACE inhibitor +ARB if or ACE inhibitor +ARB if 
ββ--blocker intolerantblocker intolerant

ARB if ACE inhibitor intolerant ARB if ACE inhibitor intolerant 

or ACE inhibitor +ARB  if or ACE inhibitor +ARB  if 
ββ--blocker intolerantblocker intolerant

Remme WJ, Swedberg K. Eur Heart J 2001; 22: 1527-60



RemodellingRemodelling in CAPRICORNin CAPRICORN
∆∆ = = -- 9.2 ml9.2 ml
P = 0.031

∆∆ = = + 3.9%+ 3.9%
P = 0.0037P = 0.031 P = 0.0037
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Effect on Cardiac ArrhythmiaEffect on Cardiac Arrhythmia

PlaceboPlacebo CarvedilolCarvedilol Hazard ratioHazard ratio PP--ValueValue
(95% CI)(95% CI)

Any Any supraventricularsupraventricular 5454 2626 0.480.48 0.00150.0015
arrhythmiaarrhythmia (0.30 (0.30 -- 0.76)0.76)

AtrialAtrial flutter or flutter or atrialatrial 5353 2222 0.410.41 0.00030.0003
fibrillationfibrillation (0.25 (0.25 -- 0.68)0.68)

Any ventricular Any ventricular 6969 2626 0.370.37 < 0.0001< 0.0001
arrhythmiaarrhythmia (0.24 (0.24 -- 0.58)0.58)

Ventricular tachycardia Ventricular tachycardia 4040 1212 0.300.30 < 0.0001< 0.0001
or ventricular fibrillationor ventricular fibrillation (0.16 (0.16 -- 0.57)0.57)

McMurray et al. AHA 2001McMurray et al. AHA 2001



CCarvedilarvedilooll PProsprospeective ctive RRaanndomdomiizedzed
CCumumuulative lative SSurvival Trialurvival Trial

COPERNICUSCOPERNICUS

Objectives and designObjectives and design

To determine the effect of To determine the effect of carvedilolcarvedilol compared compared 
with placebo on allwith placebo on all--cause mortality in patients cause mortality in patients 
with severe chronic heart failurewith severe chronic heart failure

Randomised, placeboRandomised, placebo--controlled, parallelcontrolled, parallel--group group 
multicentermulticenter study in patients with study in patients with ischaemicischaemic or or 
nonnon--ischaemicischaemic cardiomyopathycardiomyopathy



COPERNICUSCOPERNICUS

Patient CharacteristicsPatient Characteristics

Symptoms of heart failure at rest or minimal Symptoms of heart failure at rest or minimal 
exertion for at leastexertion for at least 2 months2 months

LV ejection fraction <25%LV ejection fraction <25%

Receiving diuretics and an ACE inhibitor Receiving diuretics and an ACE inhibitor 
(+ digitalis) (+ digitalis) ≥≥2 months. Diuretics optimised to 2 months. Diuretics optimised to 
achieve achieve euvolaemiaeuvolaemia

No need for intensive care and no treatment with No need for intensive care and no treatment with 
IV inotropic or IV vasodilator therapy within 4 IV inotropic or IV vasodilator therapy within 4 
days of screeningdays of screening



COPERNICUS
All-cause mortality

% Survival

Placebo

Carvedilol
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MERITMERIT--HF: Weeks 1 to 8 of Therapy HF: Weeks 1 to 8 of Therapy 
NYHA Class III NYHA Class III -- IV PatientsIV Patients

DiscontinuationsDiscontinuations

MM

17.017.0 HospitalisationsHospitalisations

8.58.5

0.00.0
22 44 66 88

WeeksWeeks

%%

DeathsDeaths MM
PP

MM
PP

MM
PP

PP

M = MetoprololM = Metoprolol
P = Placebo Gottlieb S et al. Circulation 2000Gottlieb S et al. Circulation 2000P = Placebo



COPERNICUS: Weeks 1 to 8COPERNICUS: Weeks 1 to 8
Death, hospitalisation and withdrawal: all patientsDeath, hospitalisation and withdrawal: all patients
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COPERNICUS: Weeks 1 to 8COPERNICUS: Weeks 1 to 8
Death, hospitalisation and withdrawal: highest risk Death, hospitalisation and withdrawal: highest risk 
patientspatients
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Carvedil
(n=696)

Placeb
o
(n=398)

Surviva
l

Days
0 50 100 150 200 250 300 350 400

1.0

0.9

0.8

0.7

0.6

0.5

p<0.001
Risk reduction 65%

Packer et al (1996)Packer et al (1996)

US Carvedilol Programme

CIBISCIBIS--II Investigators (1999)II Investigators (1999)

0              200             400              600 800

Bisoprolol

Placebo

Time after inclusion (days)

p<0.0001

Survival

Risk reduction=34%

CIBIS-II

0.8

1.0
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The MERITThe MERIT--HF Study Group (1999)HF Study Group (1999)
Months of follow-up

Mortality  
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Risk reduction=34%
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Cumulative mortality (%)

0 60
Months
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12 24 36 48

PNE >900 pg/ml

PNE 600-900 pg/ml

PNE <600 pg/ml

Overall
P<0.0001

Relationship between plasma Relationship between plasma 
norepinephrinenorepinephrine and mortality in heart failureand mortality in heart failure

Cohn et al N Engl J Med 1984;311:819-823



Norepinephrine Spillover in Heart FailureNorepinephrine Spillover in Heart Failure
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CARMEN CARMEN -- Rationale & BackgroundRationale & Background

CarvedilolCarvedilol may have a similar or better profile may have a similar or better profile 
than ACE inhibition in reversing than ACE inhibition in reversing remodellingremodelling and and 
preventing progression of CHFpreventing progression of CHF

This could challenge the paradigm of ACE This could challenge the paradigm of ACE 
inhibition as mandatory first line treatment in  inhibition as mandatory first line treatment in  
CHFCHF

Would allow for a more individualised approach Would allow for a more individualised approach 
in selected patients in selected patients 



ACE Inhibition ACE Inhibition vsvs Carvedilol:Carvedilol:
Comparative PharmacologyComparative Pharmacology

CarvedilolCarvedilol ACE inhibitionACE inhibition
((ββ + + αα blockade)blockade)

Neurohormonal modulation Neurohormonal modulation SNS >> RASSNS >> RAS RAS > SNSRAS > SNS

Cardiac antiadrenergicCardiac antiadrenergic ++ ±±

ββ22--BlockadeBlockade ++ --

αα11--BlockadeBlockade ++ --

BradykininBradykinin/NO/NO -- ++++

AntioxidantAntioxidant ++++ ++

ApoptosisApoptosis ++ +?+?

AntiAnti--ischaemicischaemic ++++ +?+?

Heart rate reductionHeart rate reduction ++ --

CarvedilolCarvedilol better remodelling effects than better remodelling effects than ACEiACEi??



CACArvedilolrvedilol PPostost--infainfaRRctct survsurvIIvalval
COCOntntRRolol in LV in LV dysfunctiodysfunctioNN



Study PlanStudy Plan

Optimum therapyOptimum therapy
at investat invest

discretdiscret

Normally 3 Normally 3 –– 5 days 5 days 
but up to 21 days but up to 21 days 

post MIpost MI
igatorigator’’ss

ionion

Carvedilol (n=975)

Placebo (n=984)

UptitrationUptitration DowntitrationDowntitrationMaintenanceMaintenance

((n=1959)n=1959)

Initiation with 6.25 mg or 3.125 mg bidInitiation with 6.25 mg or 3.125 mg bid
Uptitration to maximum tolerated doseUptitration to maximum tolerated dose
over 2 over 2 –– 4 weeks. Target 25 mg bid 4 weeks. Target 25 mg bid 

Time to 633 events Time to 633 events 

Mean follow up: 1.3 yearsMean follow up: 1.3 years



Major Coronary EventsMajor Coronary Events

0.00.0 0.20.2 0.40.4 0.60.6 0.80.8 1.01.0 1.21.2 1.41.4 1.61.6

log ranklog rank
P valueP value

0.590.59
Non Fatal MINon Fatal MI 0.0140.014

0.710.71
All Cause All Cause 
Mortality orMortality or
NonNon--Fatal MI

0.0020.002

Fatal MI

Hazard Ratio / 95% CIHazard Ratio / 95% CI



Sudden DeathSudden Death

RR 0.RR 0.7474 (0.(0.5151--1.061.06))

PP = 0.0= 0.09898

CarvedilolCarvedilol

PlaceboPlacebo
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Antiadrenergic Therapy by Antiadrenergic Therapy by ββ BlockadeBlockade

Sympathetic activationSympathetic activation

AntiAnti--remodelling effects remodelling effects –– less progression heart failureless progression heart failure

BucindololBucindolol

CarvedilolCarvedilol

Bisoprolol
AtenololAtenolol

MetoprololMetoprolol

ββ22
receptorsreceptors

ββ1 1 
receptorsreceptors

αα11
receptorsreceptors



EffectsEffects of of ββ11 receptorsreceptors

PositivePositive chronotropicchronotropic , , inotropicinotropic and and lusiptropiclusiptropic
effectseffects

CardiacCardiac hypertrophyhypertrophy, , fibrosisfibrosis , , remodellingremodelling

ArrhythmogenicArrhythmogenic

ReninRenin stimulationstimulation –– angiotensinangiotensin II II productionproduction

CardiacCardiac toxicitytoxicity



Beta-blockers for heart failure
early open or unblinded studies

Author Date Design n Duration Symptom       Haemod.            Ejection 
(months) fraction

Waagstein 1975 O,U 7  5 benefit benefit

Swedberg 1980 O,U 28 23 benefit benefit increased 

Heilbrunn 1989 O,U 14   6 benefit increased

Nemanich 1990 O,U 10 2 increased

Andersson 1991 O,U 21 14 benefit benefit increased

Gilbert 1987 R 15 2 benefit increased 

O=open, U=uncontrolled, R=randomised
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