
A to Z of RAAS blockade inA to Z of RAAS blockade in 
heart failure

John McMurray
BHF C di l R h C tBHF Cardiovascular Research Centre

University of Glasgow.



RAAS inhibition in CHFRAAS inhibition in CHF



ACE inhibition in patients with 
l LVEF CHFlow LVEF CHF



CONSENSUS
Enalapril in severe HFEnalapril in severe HF
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CONSENSUS: background therapyCONSENSUS: background therapy

Drug therapy
Digitalis 93%

Beta-blocker 3%

DiureticDiuretic

Furosemide (mean dose) 98% (205mg)

Spironolactone (mean dose) 53% (80mg)



SOLVD Treatment Trial
All Cause DeathAll Cause Death

Cumulative incidence (%)

Enalapril

Placebo40

30

Relative risk

p=0.0036

20 reduction = 16%

10

Number at risk

0
0 1 2 3 3.5 years

Number at risk
Placebo 1284 1085 939 669 487
Enalapril 1285 1127 1010 697 526

SOLVD Investigators NEJM 



The cornerstone of therapypy

ACE inhibitor
(B t bl k )(Beta-blocker)



Can we do better than anCan we do better than an 
ACE inhibitor?

ARB versus ACE inhibitorARB versus ACE inhibitor



Head to head comparison of an ACE 
inhibitor and ARB: Coke vs Pepsi?inhibitor and ARB: Coke vs. Pepsi?



Why use an ARB instead of an 
ACE inhibitor?ACE inhibitor?
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Bradykinin – good or bad?Bradykinin good or bad?

Cough Vasodilatation?Cough
Angioedema?
R l i i t?

Vasodilatation?
Growth inhibition?
Oth ?Renal impairment? Other?



Evaluation of Losartan In The Elderly ELITE 2
Study Design

60 years; NYHA II-IV; EF 40%
ACEI/AIIA naive or <7 days in 3 months prior to entry
Standard Rx (± Dig/Diuretics), -blocker stratification

Captopril
50 mg 3 times daily
(n=1574)

Losartan
50 mg daily
(n=1578)

Event-driven
(Target 510 Deaths)

2(n=1574) (n=1578)~2 years

Primary Endpoint: All Cause MortalityPrimary Endpoint: All-Cause Mortality
Secondary Endpoint: Sudden Cardiac Death and/or Resuscitated Arrest
Other Endpoints: All-Cause Mortality/Hospitalizations

Safety and Tolerability



Losartan Heart Failure Survival Study: ELITE II
P i E d i t All C M t litPrimary Endpoint – All-Cause Mortality
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The Retrospectroscope -
A widely used instrumentA widely used instrument

Published by Julius Comroe
in1977



Was the Dose 
of Losartan Too Low?of Losartan Too Low?

“Neutral trials” “Positive trials”

ELITE II
d

RENAAL
dmean dose:

41 mg
mean dose:

86 mg

LIFEOPTIMAAL
mean dose:  

82 mg
mean dose:  

45 mg



HEAAL: high versus low dose losartanHEAAL: high versus low dose losartan



HEAAL: death or HF hospitalisationHEAAL: death or HF hospitalisation



Can we do better than anCan we do better than an 
ACE inhibitor?

ARB added to an ACE inhibitorARB added to an ACE inhibitor



Why add an ARB to an ACE inhibitor?Why add an ARB to an ACE inhibitor?
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ACE ACE chymaseKininase II

angiotensin II angiotensin II
Breakdown

d

blood d l

products

blood
vessels

heart kidney
adrenals blood

vessels kidney
adrenals

heart y
heart kidney



CHARM
Candesartan in Heart failure: Assessment of Reduction in 

Mortality and morbidity



CHARM
Candesartan in Heart failure: Assessment of Reduction in 

Mortality and morbidity

3 component trials comparing
candesartan to placebo

CHARM CHARMCHARM C
Added PreservedAlternative
n=2548 n=3025n=2028 

LVEF 40%
ACE inhibitor 

treated

LVEF >40%
ACE inhibitor 

treated/not treated

LVEF 40%
ACE inhibitor 

intolerant treated

Primary outcome:
CV death or CHF hosp

treated/not treated

CV death or CHF hosp



CHARM-Added: Primary outcome
CV death or CHF hospitalisationCV death or CHF hospitalisation
50
%

40

50

Placebo
483 (37.9%)
538 (42.3%)

30 Candesartan

( )

20

0

10 HR 0.85  (95% CI 0.75-0.96), p=0.011
Adjusted HR 0.85, p=0.010

0 1 2 3 years
0

Number at risk
3.5

Candesartan 1276 1176 1063 948 457
Placebo 1272 1136 1013 906 422 NNT = 23



CHARM-Added
Pre specified Subgroup analysisPre-specified Subgroup analysis

CV Death or CHF Hospitalisation
P ti t /N Candesartan Placebo l fPatients n/N
Placebo Candesartan

Candesartan 
better

Placebo 
better

p value fo
interaction

Recommended No 263/624 251/633
dose of ACEi Yes 275/648 232/643 0.26

All patients 538/1272 483/1276

Hazard ratio (95% CI)
0.6 0.7 0.8 0.9 1 1.1 1.2

McMurray et al. Lancet 
2003;362:767-71



Maximising RAS blockadeg

Would we achieve he same effect 
b i i th d f ACEby increasing the dose of an ACE 
inhibitor as adding an ARB (orinhibitor as adding an ARB (or 
renin inhibitor)?



RAS blockersRAS blockers

ACE inhibitor ARB



FDA set a higher bar



FDA requested analyses of 
CHARM AddedCHARM-Added



CHARM-Added: FDA-requested analyses by 
ACE inhibitor doseACE-inhibitor dose

P ti t l fC d t Pl bPatients
n

M i d f ACEi

p value for
interaction

Candesartan
better

Placebo
better

N 1827

Maximum dose of ACEi

Maximum dose of ACEi
(FDA) †

0.78

0 29No

No
Yes

2019

1827
721

CHARM Added
CHARM Alternative

(FDA) revised ‡ 0.29Yes

2548
2028

529

CHARM Alternative

Two low LVEF trials pooled

2028

4576

† FDA communication December 2004 
‡ FDA communication January 2005 

0.6 0.7 0.8 0.9 1 1.1 1.2 1.3
Hazard ratio (95% CI)

0.5

McMurray et al. Am Heart J 2006 



Maximising RAS blockade after 
ac te MIacute MI



VALIANTVALIANT



VALIANT: clinical outcomes

Mortality CV death MI or HFMortality CV death, MI or HF



ONTARGETONTARGET



ONTARGET: Primary endpointONTARGET: Primary endpoint



More intense RAS inhibition in 
ONTARGET: did we reach the limit?ONTARGET: did we reach the limit?

No clinical benefit

More adverse events



Why is CHARM (and Val-HeFT)Why is CHARM (and Val HeFT) 
different from VALIANT and 

ONTARGET?

Is heart failure different?Is heart failure different?



CHF: losartan added to ACE-I

33 patients severe CHF maximum dose of ACE-I

Mean daily dose (losartan/placebo group):

33 patients, severe CHF, maximum dose of ACE I, 
randomized to placebo or losartan 50mg 

Mean daily dose (losartan/placebo group): 
captopril 175/115mg; enalapril 36/28mg

Hamroff et al Circulation1999



RESOLVD: Change in LV volumes
Candesartan 16 mg Candesartan 8 mg

+ enalapril 20 mg
Enalapril 20 mg

( 109)

g

ESV/ml 40
EDV/ml

(n=327) + enalapril 20 mg
(n=332)

(n=109)
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CHARM-Added vs. Val-HeFT C s

CV death or HF hospitalisation
50 Placebo ARB

CV death or HF hospitalisation

30

40

42 3%

20

30 42.3%
37.9%

29.5% 25 9%

%

0

10
25.9%

0
CHARM Val-HeFT
HR 0.85 HR 0.86

95% CI 0.75-0.96
P=0.011

95% CI 0.77-0.95
P=0.004



Hypothesis: effectiveness of 
RAAS blockadeRAAS blockade
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Why a renin inhibitor?y

 Was the original aim in the development of 
RAAS inhibitors!

 Renin is the rate limiting enzyme in RAAS 
cascadecascade

 Highly specific for its substrate g y p
(angiotensinogen)
Diffic lt in de eloping a potent and orall Difficulty in developing a potent and orally 
active (absorbed) inhibitor



RAS blockersRAS blockers

ACE inhibitor ARB Renin inhibitor



RAS blockersRAS blockers

ACE inhibitor ARB Renin inhibitor



Profile of action of different inhibitors 
of inhibitors of the RAASof inhibitors of the RAAS

DRUG Renin Angiotensin I Angiotensin II

ACE 
inhibitorinhibitor

ARB

ReninRenin 
inhibitor



Tissue selectivity? Renal blood flowy

Greater increase in 
renal blood flow with RI 
than with ACE-I

Fisher & Hollenberg



ALOFT: Why add a renin inhibitor 
to an ACE inhibitor?to an ACE inhibitor?

 RAAS blockade is beneficial in heart failure (HF)RAAS blockade is beneficial in heart failure (HF)

 ACE inhibitors and ARBs induce loss of negative 
f db k i hibiti f i tifeedback inhibition of renin secretion

 Consequent compensatory rise in renin and other q p y
downstream components of RAAS may result in loss of 
RAAS blockade

 Direct renin inhibitors should block this compensatory 
response to loss of negative feedbackresponse to loss of negative feedback

 ALOFT tested the safety and efficacy of adding a direct 
i i hibit i ti t ith HF l d t t d ithrenin inhibitor in patients with HF already treated with an 

ACE inhibitor (or ARB) and beta-blocker



ALOFT findings:
significant reduction in BNP levelssignificant reduction in BNP levels

mean±SEM
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ATMOSPHERE: design overview

Primary outcome: CV death or heart failure hospitalization

Randomization

(event driven: 2162 patients)

Randomization

Enalapril 10 mg twice daily (n=2,200)

Enalapril Enalapril 

Open-label run-in

Aliskiren 300 mg once daily (n=2 200)

g y ( )

Aliskiren 300mg/enalapril

Enalapril 
+ aliskiren Aliskiren 300 mg once daily (n=2,200)

Aliskiren 300mg/enalapril
20 mg Daily (n=2,200)

Double-blind

~48 weeks (event driven)4-8 weeks



RAAS inhibition in CHFRAAS inhibition in CHF



RALES

HR 0.70 (0.60, 0.82), P<0.001

S i l t
24 months follow-up
94 % ACE I Spironolactone94.5% ACE-I
10.5% Beta-blocker

Placebo



The missing piece of the 
aldosterone antagonist jigsawaldosterone-antagonist jigsaw

LVSD/HF after AMI Mild CHF Severe CHF 

RALESEPHESUS EMPHASIS-HF



EMPHASIS-HF
• Hypothesis: Aldosterone antagonism with eplerenone

EMPHASIS HF 
y g

will be of benefit in patients with mild HF and
LV systolic dysfunction

• Population: ~3100 patients ≥60 years with NYHA II HF 
and LVEF ≤30%( or LVEF 31-35% and QRS duration (
>130 msec.). CV hospitalisation within 90 days (or 
BNP ≥250 pg/ml or NT-proBNP ≥500 pg/ml in men/ 
≥750 / l i≥750 pg/ml in women.

• Intervention: Eplerenone (50 mg) vs Placebo p ( g)

• Primary endpoint: CV death or HF hospitalisation –
event driven (813 events)event driven (813 events)

• Status: Randomisation started Q2 2006



HF with preserved EFp

We still do not have evidence-based treatment



CHARM-PreservedC ese ed



Are ARBs beneficial in HF-PEF?

Irbesartan in Heart Failure withIrbesartan in Heart Failure with
Preserved Systolic Function



I-PRESERVE: Inclusion Criteria

Age 60 yearsAge 60 years
LVEF 0.45

NYHA class II - IV NYHA Class III/IVNYHA class II IV NYHA Class III/IV
 CHF hosp. 6 months Abnormal:

ECG (LVH LBBB)
 CXR (p.congestion)

 echo (LVH, enlarged LA)
 ECG (LVH, LBBB)



I-PRESERVEI PRESERVE



Why did CHARM-Preserved and 
I PRESERVE differ?I-PRESERVE differ?

 They may not be different – p value in CHARM-
Preserved was not significant

 The patients were different – CHARM had patients 
with a LVEF 41-45% (“mild systolic dysfunction”?)with a LVEF 41 45% ( mild systolic dysfunction ?)

 The treatment was different – different ARB; dose 
may not have been equivalent  - 8mg 
candesartan=150mg irbesartan in clinical 

( Cpharmacology studies (Belz et al J CV Pharmacol
2002) and reduction in BP was 6.9/2.9 mmHg in 
CHARM Preser ed s 3 6/1 9 mmHg in ICHARM-Preserved vs. 3.6/1.9 mmHg in I-
PRESERVE.



RAAS inhibition in CHFRAAS inhibition in CHF



Aldosterone antagonist for HF-PEF?g

Treatment Of Preserved Cardiac 
function heart failure with anfunction heart failure with an 

Aldosterone anTagonist



TOPCAT
Hypothesis: Spironolactone will reduce morbidity

TOPCAT
Hypothesis: Spironolactone will reduce morbidity 

and mortality in mild HF and preserved LV function 

 Population: 4500 patients >50 yrs with NYHA II HF 
(and admission or elevated BNP), EF ≥45%( ),

 Intervention: Spironolactone (15-45 mg) vs 
l bplacebo

 Primary endpoint: CV death RCA Primary endpoint: CV death, RCA,
HF hospitalisation

 Status: Recruitment started 2008; slow; expected 
completion uncertain



RAAS blockade: past present and futureRAAS blockade: past present and future

The kidney and circulationy

Robert Tigerstedt
Scand Arch Physiol 1898; 8: 223-71


