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Months
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p=0.0036

Months

All Cause Mortality (%)

Placebo

Enalapril

1284 1159 1085 1005 939 819 669 487 299

1285 1195 1127 1069 1010 891 697 526 333
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1350g.6

SOLVD / SAVE ReinfarctionSOLVD / SAVE Reinfarction

The number of patients experiencing an MI following randomization in the SOLVD 
study (left), or the SAVE study (right).
Note the similar magnitude and time course of the r eduction of risk of experiencing an 
MI following randomization to either of the ACE inhi bitors.
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Events rate
Placebo
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Risk reduction = 25%
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Primary Outcome Primary Outcome ––
Ramipril vs PlaceboRamipril vs Placebo

RR = 0.78 (0.70–0.86) P = 0.000002

Placebo
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% CV % CV deathdeath , MI or , MI or cardiaccardiac arrestarrest

Placebo Placebo annualannual eventevent rate: 2.4%rate: 2.4%

PerindoprilPerindopril

PlaceboPlacebo

p = 0.0003p = 0.0003
RRR: 20%RRR: 20%

YearsYears
00
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HOPE

EUROPA

PEACE

Overall
(95% CI)

0.85 (0.73 - 0.95)

0.89 (0.77 - 1.02)

0.89 (0.76 - 1.04)

43.143.1

31.931.9

25.025.0

0.87 (0.79 - 0.94)

11 1.320.76

Risk ratio
(95% CI) % Weight

Risk ratio

Study

P=0.0004

Lancet 2006
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ReninRenin --AngiotensinAngiotensin
Aldosterone SystemAldosterone System
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ACEACE--I ProvenI Proven

ACE intolerant ACE intolerant 

Compared to ACECompared to ACE --II

Combine, additive valueCombine, additive value

ACEACE--I UnprovenI Unproven

Compared to other agentsCompared to other agents

New uses vs. placeboNew uses vs. placebo

ATAT11--Receptor Blocker (ARB)Receptor Blocker (ARB)
Clinical Outcome StudiesClinical Outcome Studies

Skali H, Pfeffer MA  J Renin Angiotensin Aldosterone Syst 2001;2:215-8



HBP Vascular MI HF

Pre Diabetes Diabetes Opht Diabetes Renal

DIRECT

LIFE 

SCOPE
OPTIMAAL

CHARMVALUE
VALIANT

(NAVIGATOR)

ONTARGET
TRANSCEND

JIKEI

ELITE II

Val-Heft

RENAAL

IDNT
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Placebo
Losartan
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p=0.009
Risk Reduction: 19.9% (5.3, 32.3)

751 714 625 375 686868686868
762 715 610 348 434343434343
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NEJM 2001
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������������������������������������ Summary of Major Findings
3152 elderly CHF patients randomised to losartan (50 mg od) or captopril (50 mg tid)

0.5 1.0 1.25

All cause Mortality
(15.9% v 17.7%: p=0.16)

Sudden death/Resuscitated arrest
(7.3% v 9.0%: p=0.08)

All cause Mortality/Hospitalisations
(44.9% v 47.7%: p=0.21)

Withdrawal rate 14.5% v 9.4%: p<0.001

odds ratio

Favours captopril Favours losartan

Lancet 2000
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Val-HeFT: Co-primary Outcomes

All cause mortality Mortality and morbidity

also 27.5% risk reduction in CHF hospitalization
P = 0.00001

P=0.8

0 3 6 9 12 15 18 21 24 27

0.9

0.8

0.7

1.0

Valsartan
Placebo

Time since randomization (months)

Survival probability

13.3% Risk Reduction 
P=0.009

0 3 6 9 12 15 18 21 24 27

0.9

0.8

0.6

1.0

Time since randomization (months)

Event-free probability

0.7 Valsartan
Placebo

MP-20

NEJM 2001



21

Placebo

Candesartan

HR 0.84 (95% CI 0.77-0.91), p<0.0001
Adjusted HR 0.82, p<0.0001

1310 (34.5%)
1150 (30.2%)

CHARM-Overall
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%

0 1 2 3 years3.5

0 1 2 3 years
0
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Placebo

Candesartan

%

HR 0.77 (95% CI 0.67-0.89), p=0.0004
Adjusted HR 0.70, p<0.0001

3.5

406 (40%)

334 (33%)

CHARM-Alternative

CHARM-Preserved

333 (22.0%)
Placebo

Candesartan

HR 0.89 (95% CI 0.77-1.03), p=0.118
Adjusted HR 0.86, p=0.051

366 (24.3%)

0 1 2 3 years3.5
0

10

20

30

40

50
%

CHARM-Added

Placebo

Candesartan

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

483 (37.9%)
538 (42.3%)

0 1 2 3 years3.5
0

10

20

30

40

50
%

CHARM: CV CHARM: CV deathdeath or CHF or CHF 
hospitalisationhospitalisation

Lancet 2003
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DM=diabetes mellitus. DM=diabetes mellitus. 
The ONTARGET/TRANSCEND Investigators. The ONTARGET/TRANSCEND Investigators. Am Heart J.Am Heart J. 2004;148:522004;148:52--61.61.

HighHigh --risk patients with previous vascular event or DM wi th risk patients with previous vascular event or DM wi th 
targettarget --organ damage but controlled BP and no HForgan damage but controlled BP and no HF

ONTARGETONTARGET
N=25,620N=25,620

TRANSCENDTRANSCEND
N=5776N=5776

Composite of CV death, nonfatal MI, nonfatal stroke , Composite of CV death, nonfatal MI, nonfatal stroke , 
or hospitalization for CHF or hospitalization for CHF 

Primary Primary 
outcomeoutcome

YesYes NoNo

33--week runweek run --inin

Telmisartan Telmisartan 
80 mg80 mg

n=7800n=7800

Telmisartan 80 mg + Telmisartan 80 mg + 
Ramipril 10 mgRamipril 10 mg

n=7800n=7800

TelmisartanTelmisartan
80 mg80 mg

n=3000n=3000

PlaceboPlacebo
n=3000n=3000

FollowFollow --up of 3.5 to 5.5 yearsup of 3.5 to 5.5 years

Ramipril Ramipril 
10 mg10 mg

n=7800n=7800

33--week runweek run --inin

Tolerate ACEITolerate ACEI



TRANSCEND (HOPE 1°)

Yusuf et. al., The Lancet, 2008

CV Death, MI, Stroke



ONTARGET: Time to Primary Outcome

The ONTARGET Investigators, NEJM, 2008

CV Death, MI, CVA, HF

Telmisartan vs. Ramipril: RR=1.01 (0.94-1.09)
Combination Therapy vs Ramipril: RR=0.99 (0.92-1.07)

171817187022702273757375773877388133813385028502TelmisartanTelmisartan

plus ramiprilplus ramipril

170317037093709374727472783278328214821485768576RamiprilRamipril

168716877051705174207420777877788177817785428542TelmisartanTelmisartan

No. at RiskNo. at Risk



ONTARGET
Reasons for Permanently 

Stopping Study Medications

<0.00011.2024952099Any 
Discontinuation

0.00501.589460Renal 
Impairment

0.300.731825Angioedema

0.00013.283912Diarrhea

0.18851.10392360Cough

0.0321.952915Syncope

<0.00012.75406149Hypotension

Ram + Tel vs. Ram
RR                 P

Ram + Tel
N=8502

Ram
N=8576

The ONTARGET Investigators, NEJM, 2008



VALIANT Adverse Events

NEJM  2003
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Mann JFE et al. Lancet 2008; 372:547-53



I-PRESERVE: Primary Endpoint
Death or protocol specified CV hospitalization

(Mean follow-up 49.5 months)

Months from Randomization
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0 6 12 18 24 36 4230 48 6054

2067 1929 1812 1730 1640 1513 12911569 1088 497816
2061 1921 1808 1715 1618 1466 12461539 1051 446776

No. at Risk

Irbesartan
Placebo

HR (95% CI) = 0.95 (0.86-1.05)
Log-rank p=0.35

Placebo

Irbesartan

NEJM 2008



I PRESERVE Primary Outcome with 
Component Events

*  Protocol-specified

Ventricular arrhythmia

Atrial arrhythmia

Stroke

Unstable angina

Myocardial infarction

Worsening heart failure

CV hospitalization*

Death

Primary Outcome

5

77

68

20

60

291

521

221

742

Irbesartan 
(n=2067)

3

68

79

19

54

314

537

226

763

Placebo 
(n=2061)

NEJM 2008



PRoFESS

Yusuf et. al., NEJM, 2008

HR 0.95 95%CI 0.86-1.04 P=0.23
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ALTITUDE: ALTITUDE: effect of aliskiren on effect of aliskiren on 
cardiovascular and renal events in a cardiovascular and renal events in a 
highhigh --risk type 2 diabetic populationrisk type 2 diabetic population

4–12 weeks total follow-up ~4 years*

Randomization

Conventional treatment

Aliskiren 300 mg once daily
Aliskiren
150 mg

Placebo

4 weeks

*ALTITUDE is an event driven study and will 
conclude when ~1628 patients meet the primary endpoint

n~8,600 patients with CVD and/or diabetic nephropathy
Composite primary 

endpoint (first event)

• CV death

• Resuscitated sudden 
death

• Non-fatal MI
• Non-fatal stroke

• Hospitalization for CHF

• Doubling of baseline 
serum creatinine 

• Onset of ESRD* or 
renal death



CV Death, MI, Stroke

Inhibiting RAS - 3 decades…..

ACE I  or ARB (dose)
VALIANT
ONTARGET
CHARM Alt.
TRANSCEND

Combination ACE I and ARB
VALIANT
ONTARGET
? CHARM Added

ACE I – Work Horse
HF (low EF)
MI
Vascular Disease
Diabetes
Renal Disease

Population Not Improved:
DREAM
PRoFESS
I-PRESERVE

No Incremental Benefit with
Increase in Adverse Events

Combination with DRI        ????
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Cumulative Incidence of Concerning 
Hyperkalemia (CHARM-Overall)

Placebo
70 (1.8%)

Candesartan
197 (5.2%)

yrs3.50 1 2 3
0

2

4

6

Cumulative Hyperkalemia (%)

1

7

5

3

8

Number at risk
Candesartan 3803 3563 3271 2215 761
Placebo 3796 3464 3170 2157 743

D
o

se
 t

it
ra

ti
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n

P C

7 events 
per 1000 
patients 
over 3.2 
years

1.1%

1.8%

DDDD 0.7%

D 3.4% 
over 

3.2 yrs


