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ACE-I

Placebo

ACE-I 2995 2250 1617 892 223

Placebo 2971 2184 1521 853 138

Flather MD, et al. Lancet. 2000;355:1575–1581

OR: 0.74 (0.66–0.83)

ACE-I: 702/2995 (23.4%)

Placebo: 866/2971 (29.1%)

TRACE
Echocardiographic
EF  35%

AIRE
Clinical and/or 
radiographic 
signs of HF

SAVE
Radionuclide
EF  40%
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Risk reduction (95% CI) = 22% (6-35%)
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Primary Outcome –
Ramipril vs Placebo

RR = 0.78 (0.70–0.86) P = 0.000002
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LIFE Study Primary Composite 
Endpoint

0 6 12 18 24 30 36 42 48 54 60 66
Losartan (n)4605 4524 4460 4392 4312 4247 4189 4112 4047 3897 1889 901

Atenolol (n) 4588 4494 4414 4349 4289 4205 4135 4066 3992 3821 1854 876

Dahlof B, et al. Lancet. 2002;359:995-1003.
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Adjusted risk reduction 13·0%, P=0·021
Unadjusted risk reduction 14·6%, P=0·009



RENAAL and IDNT

RENAAL: Primary End Point

ESRD or Death

IDNT: Primary endpoint

Time to doubling of  serum Creatinine, 

ESRD, or Death 



CHARM-Alternative:
CV death or CHF hospitalization

Number at risk

Candesartan 1013 929 831 434 122

Placebo 1015 887 798 427 126
Granger et al. Lancet 2003
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Randomized trial of losartan versus captopril in patients over 65 
with heart failure 

(Evaluation of Losartan in the Eldely Study, ELITE)

0.00

0.80

0.85

0.90

0.95

1.00

0 100 200 300 400

Follow-up (days)

Probability of survival

Losartan

Captopril

Pitt et al. Lancet 1997

Deaths
Losartan
17/352 (4.8%)

Captopril
32/370 (8.7%)

Relative Risk (95% CI) = 0.54 (0.31-0.95), 
p = 0.035



ELITE II: 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
Captopril         Losartan

250 (15.9%)     280 (17.7%)   p=0.16

Sudden death/Resuscitated arrest
Captopril         Losartan

115 (7.3%)       142 (9.0%)     p=0.08

All cause Mortality/Hospitalisations
Captopril         Losartan

707 (44.9%)     752 (47.7%)   p=0.21

Withdrawal rate 14.5% v 9.4%: p<0.001

Favours captopril Favours losartan

odds ratio Pitt et al. Lancet 2000
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Losartan  (n = 499 events / 2744)

Captopril (n = 447 events / 2733)

Relative Risk = 1.13 (0.99–1.28);  P = 0.069

0

OPTIMAAL: All-Cause Mortality

Losartan 2744 2504 2432 2390 2344 2301 1285

Captopril 2733 2534 2463 2423 2374 2329 1309

Lancet 2002



Primary Endpoint: All-Cause Mortality

Secondary Endpoints: CV Death, MI, or HF

Other Endpoints: Safety and Tolerability

Captopril 50 mg tid
(n = 4909)

Valsartan 160 mg bid
(n = 4909)

Captopril 50 mg tid + 
Valsartan 80 mg bid

(n = 4885)

Acute MI (0.5–10 days)—SAVE, AIRE or TRACE eligible
(either clinical/radiologic signs of HF or LV systolic dysfunction)

Major Exclusion Criteria:
— BP < 100 mm Hg
— Serum creatinine > 2.5 mg/dL
— Prior intolerance of an ARB or ACE-I
— Nonconsent

double-blind active-controlled

median duration: 24.7 months
event-driven

11
N Engl J Med 2003



Captopril
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Mortality by Treatment

Pfeffer, McMurray, Velazquez, et al. N Engl J Med 2003;349

Valsartan 4909 4464 4272 4007 2648 1437 357

Months

Valsartan vs. Captopril: HR = 1.00; P = 0.982

Valsartan + Captopril vs. Captopril: HR = 0.98; P = 0.726

Captopril 4909 4428 4241 4018 2635 1432 364

Valsartan + Cap 4885 4414 4265 3994 2648 1435 382

Valsartan

Valsartan + Captopril

18



Conclusion

 Combining valsartan with a proven dose of 
captopril produced no further reduction in 
mortality—and more adverse drug events.

In patients with MI complicated by heart failure, left
ventricular dysfunction or both:

 Valsartan is as effective as a proven dose of 
captopril in reducing the risk of:

—Death

—CV death or nonfatal MI or heart failure admission

32

Presented at AHA 2003; N Engl J Med 2003



Time to Primary OutcomeONTARGET

Ramipril: 1412 (16.5%) vs. Telmisartan  1423 (16.7%)

RR: 1.01 (0.94 – 1.09)
Primary endpoint: Composite of CV death, MI, stroke, or HF hosp

N Engl J Med 2008;358:1547-59.Years of Follow-up
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Telmisartan
Ramipril
Telmisartan
Ramipril

# at Risk Yr 1 Yr 2 Yr 3 Yr 4

T 8542 8176 7778 7420 7051

R 8576 8214 7832 7473 7095



ONTARGET Conclusions: Telmisartan plus 

Ramipril vs. Ramipril

1. Combination therapy does not reduce the 

primary outcome to a greater extent compared 

to ramipril alone

2.  Higher rates of adverse events:

-hypotension related, including syncope

-renal dysfunction

N Engl J Med 2008;358:1547-59.



CV Death, MI, Stroke

Inhibiting RAS - 3 decades…..
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Aliskiren reduces Ang I, Ang II and PRA

↓↓↓Aliskiren
↑↑↑ARB

↑↓↑ACEI

PRAAng IIAng I

Feedback Loop

AT1 Receptor

Renin
Ang I

Angiotensinogen

Ang II

Direct renin inhibitor

ARBs

ACE

Non ACE pathways

ACEIs

Azizi M et al. 2006; Adapted from: Müller DN & Luft FC. 2006



ASPIRE HIGHER Program

AVOID ALTITUDE  n=8606

ALOFT

ATMOSPHERE n≈7000

(head to head not add on)

ASTRONAUT n≈1700

ASPIRE

ALLAY

A Post-MI trial n=zero

Albuminuria reduction in patients with 
hypertension, diabetes, and nephropathy
Parving et al. N Engl J Med 2008;358:2433-6

BNP reduction in chronic heart failure
McMurray et al. Circ Heart Fail 2008;1:17-24

LV mass regression in hypertensive 
patients with LVH
Solomon et al. Circulation 2009;119:530-7

Reduction in LV remodeling following MI 
complicated by LV dysfunction
Solomon et al. Eur Heart J 2011;32:1227-34

In diabetic nephropathy at high risk for CV disease

In chronic heart failure

In acute heart failure

Morbidity and mortality trialsSurrogate endpoint trials

APOLLO  n≈11000
BP in elderly  (some add on)

X



Conclusion: Adding the direct renin inhibitor aliskiren to the 

standard therapy, including an inhibitor of the RAAS, in high-

risk post-MI patients did not result in further attenuation of 

left ventricular remodelling, and was associated with more 

adverse effects. These findings do not suggest that dual 

RAAS blockade with aliskiren would provide additional 

benefit in these high-risk post-MI patients.

2011

Solomon et al Eur Heart J 2011



June 2008

N = 599

Conclusions:  Aliskiren may have reno-protective effects that are 

independent of its blood pressure−lowering effect in patients with 

hypertension, type 2 diabetes, and nephropathy who are receiving the 

recommended reno-protective treatment.



ALTITUDE
Type II Diabetes

Population 8561 Patients with type II diabetes with eGFR >
30 mL/min/1.73 m² :

• UACR > 200 mg/g , or

• eGFR <60 mL/min/1.73 m² and

- Either UACR > 20 and <200 mg/g or

- CVD history

Endpoints Primary: Composite of CV and renal components

(CV or renal death, RSD, non-fatal MI, non-fatal 
stroke, HF hospitalization, ESRD, doubling SCr)

Treatment arms Aliskiren vs. Placebo – All on RAS inhibitor

End Date Early termination December 2011



Nov. 2012

Primary composite end point: 
CV Death, Resuscitated Cardiac Arrest, Non-fatal MI, Nonfatal stroke, HF 
hospitalization,  ESRD, Renal Death, Need for RRT, Doubling of Creatinine

Compared to placebo

Aliskiren reduced

SBP/DBP = 1.3/0.6 mmHg

albuminuria = 14% 

(95%CI 11-17%)

Hans Henrik Parving MD DM Sc, Barry M. Brenner MD PhD, John JV McMurray MD, Dick de Zeeuw MD PhD, Steven M 

Haffner MD, Scott D. Solomon MD, Nish Chaturvedi MD, Frederik Persson MD, Akshay S. Desai MD MPH, Maria Nicolaides 

MD, Alexia Richard MSc, Zhihua Xiang PhD, Patrick Brunel MD, and Marc A Pfeffer MD PhD for the ALTITUDE Investigators

CONCLUSIONS: 

The addition of aliskiren to standard therapy with renin-angiotensin system blockade 

in patients with type 2 diabetes who are at high risk for cardiovascular and renal 

events is not supported by these data and may even be harmful.

N = 8561



2012

Adverse events and Study – Drug Discontinuation

Hans Henrik Parving MD DM Sc, Barry M. Brenner MD PhD, John JV McMurray MD, Dick de Zeeuw MD PhD, Steven M 

Haffner MD, Scott D. Solomon MD, Nish Chaturvedi MD, Frederik Persson MD, Akshay S. Desai MD MPH, Maria Nicolaides 

MD, Alexia Richard MSc, Zhihua Xiang PhD, Patrick Brunel MD, and Marc A Pfeffer MD PhD for the ALTITUDE Investigators



Circ Heart Fail 2008;1:17-24

BNP NTpro-BNP



ASTRONAUT
Acute Heart Failure

Population 1639 Patients randomized within 2 days of 
admission for an acute heart failure 
hospitalization (SBP > 110 mm Hg)

• BNP > 400 pg/ml

• LVEF < 40%

Endpoints Primary: CV death, rehospitalization for HF in 6 
months

Treatment arms Aliskiren vs. placebo (on top of standard 
therapy)

Presentation at 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=fBXIe0307VAVyM&tbnid=UKLp0s3QxdiweM:&ved=0CAUQjRw&url=http://www.infinittna.com/news-and-events-trade-show.html&ei=UA8ZUZGqFcnw0QHo74HIDg&bvm=bv.42080656,d.dmQ&psig=AFQjCNE5tJ88EW-7mqTJdo0Ubal5kKSgrQ&ust=1360683209322715


ATMOSPHERE
Chronic Heart Failure

Population

6573 Patients with low ejection fraction heart failure

• NYHA class II – IV, LVEF < 35%

• BNP ≥ 150 pg/ml or ≥ 100 pg/ml with HF 
hospitalization 

Endpoints

Primary: CV death or heart failure hospitalization 

Secondary: QoL / BNP / other CV / renal endpoints

Treatment 
arms

Enalapril vs aliskiren vs enalapril/aliskiren combo 
(on top of usual care – excluding ACEI)



APOLLO High Risk Elderly

Population ~ 12500 Patients; SBP 130-159 mmHg

≥ 65 yrs with CVD or addl. risk factor(s)

or ≥ 70 y/o with or without other CV risks

Endpoints Primary: CV death, non-fatal MI, non-fatal 
stroke, CHF hospitalization

Secondary: cognitive function ("successful 
aging"), renal dysfunction

Treatment 
arms

2x2 factorial (baseline HCTZ or amlo therapy): 
Plus Aliskiren or Placebo

Discontinued by sponsor Jan 2013



Combination of renin angiotensin inhibitors:
VALIANT

 Combining valsartan with a proven dose of 
captopril produced no further reduction in 
mortality—and more adverse drug events.

In patients with MI complicated by heart failure, left
ventricular dysfunction or both:

 Valsartan is as effective as a proven dose of 
captopril in reducing the risk of:

—Death

—CV death or nonfatal MI or heart failure admission

32

Presented at AHA 2003; NEJM 2003
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Historical perspective: what if ARBs and/or direct 

renin inhibitors came before ACEI?



 Ventricular arrhythmias post MI

 LV ejection fraction in HF

 Plasma NE in HF

 Hemoglobin in CKD 

 Endothelial function with HRT

 HbA1C in diabetes

 HDL

 Blood pressure

 Proteinuria

Biomarkers 
& 

Surrogates

CV 
Outcomes≠
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