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Aims Direct renin inhibitors provide an alternative approach to inhibiting the renin—angiotensin—aldosterone system
(RAAS) at the most proximal, specific, and rate-limiting step. We tested the hypothesis that direct renin inhibition
would attenuate left ventricular remodelling in patients following acute myocardial infarction receiving stable, indivi-
dually optimized therapy, including another inhibitor of the RAAS.

Methods We randomly assigned 820 patients between ~2 and 8 weeks following acute myocardial infarction, with the left ven-

and results tricular ejection fraction (LVEF) <45%, and regional wall motion abnormalities (>20% akinetic area), to receive aliskiren
(n = 423), titrated to 300 mg, or matched placebo (n = 397), added to the standard therapy. All patients were required
to be on a stable dose of an ACE-inhibitor or ARB, and beta-blocker unless contraindicated or not tolerated. Echocar-
diograms were obtained at baseline, and following 26—36 weeks of treatment. The primary endpoint was change in left
ventricular end-systolic volume from baseline to 36 weeks, and was evaluable in 329 patients in the placebo group and
343 patients in the aliskiren group. We observed no difference in the primary endpoint of end-systolic volume change
between patients randomized to aliskiren (—4.4 + 16.8 mL) or placebo (—3.5 + 16.3 mL), or in secondary measures
of end-diastolic volume, or LVEF. We also observed no differences in a composite endpoint of cardiovascular death,
hospitalization for heart failure, or reduction in LVEF >6 points. There were more investigator reported adverse
events in the aliskiren group, including hypotension, increases in creatinine and hyperkalaemia.

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.

Clinical Trials Registration: www.clinicaltrials.gov NCT00414609

Keywords Myocardial infarction e Infraction e Renin-angiotensin system e Remodeling e Clinical trial
Introduction : post-MI patle.nts,.reduced left ventricular (LV) s.ystollc functlf)n is
associated with increased risk of LV remodelling, heart failure,
Morbidity and mortality following acute myocardial infarction ©and mortality. Angiotensin-converting enzyme inhibitors (ACE-)
(AMI) remain high despite major therapeutic advances. In . decrease these risks' > and angiotensin receptor blockers
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(ARBs) can be an effective alternative to ACE-| in this population.
Combining these two classes of RAAS inhibitors, however, in the
Valsartan in Acute Myocardial Infarction (VALIANT) trial* did
not show incremental advantage in post-infarction patients, yet
was associated with more side-effects, in contrast to findings in
patients with chronic heart failure where some additional benefit
from combination therapy was seen in two separate trials.”® Poss-
ible explanations for this discrepancy include the fact that most of
the patients in VALIANT were ACE-| naive when started on two
RAAS inhibitors simultaneously in the acute phase of infarction,
whereas in the heart failure trials the second inhibitor was added
in patients chronically treated with another blocker usually for
montbhs, if not years.

As the excess of hypotension and renal dysfunction with combi-
nation therapy in VALIANT suggests that monotherapy had not
fully blocked the RAAS, we hypothesized that adding a full dose
of a second inhibitor of the RAAS post-MI would have beneficial
effects, as in chronic heart failure, if started in the sub-acute
phase, where combination therapy might be better tolerated and
sustained. This hypothesis was supported by the post hoc finding
in VALIANT of fewer hospitalizations for heart failure and Ml
with captopril and valsartan compared with captopril alone*.

The present study was specifically designed to test the hypoth-
esis that adding the direct renin-inhibitor aliskiren to standard
therapy, including a stable ACE-l or ARB dose, would result in
greater attenuation of adverse LV remodelling after AMI. Aliskiren
blocks the renin—angiotensin—aldosterone system proximally at
the rate-limiting step,”® preventing the compensatory rise in
plasma renin activity and other downstream components of this
system which occurs in the setting of ACE-I or ARB therapy.
These compensatory changes may lead to reactivation of the
RAAS and it has also been suggested that plasma renin activity
itself has potentially detrimental actions. Prior mechanistic
studies have shown favourable effects of adding aliskiren to
another inhibitor of the RAAS in patients with hypertension,”"°
heart failure,)" or diabetic kidney disease."”” The study was
designed as a proof of concept trial to determine whether this

n=1074
n= 820
I
Aliskiren
n=423

Received aliskiren n=422

Died (17), withdrew
consent (11), echo
of insufficient

quality or other (52)

Paired evaluable
echocardiograms
n=343

therapy should be more fully evaluated in a subsequent morbidity
and mortality trial.

Methods

Patients

We studied stable patients at high risk of LV remodelling after AMI.
Patients were eligible for enrolment if they were over 18 years old,
were between 2 and 8 weeks after AMI, and were on stable doses
for 2 weeks of an antiplatelet agent, a statin, a beta-blocker and a phys-
ician determined optimal dose of either an ACE-l or ARB."* Moreover,
to be eligible patients underwent a screening echocardiogram on
which they were required to have an ejection fraction <45% and
infarct size >20%, as assessed in a core laboratory (see below).
Patients receiving both an ACE-l and ARB were excluded, as were
those with refractory hypertension, eGFR <30 mL/min/1.72 m?
(measured by the MDRD formula), or serum potassium >5 mmol/L
(see Supplementary material online, Appendix for complete listing of
inclusion and exclusion criteria). Aldosterone antagonists were
allowed at the discretion of the treating physicians in view of the ben-
eficial effect of this type of treatment in patients with a reduced LVEF
and heart failure after myocardial infarction.™

ASPIRE was conducted in 154 centres from 23 countries. We
screened 1074 consenting patients for potential inclusion in the
study (Figure 7). Of these, 820 fulfilled inclusion criteria and 397
patients were randomized to the placebo group and 423 patients to
the aliskiren group. A total of 422 patients actually received aliskiren.
Sixty-eight patients in the placebo group and 80 patients in the aliskiren
group either died, withdrew consent or had echocardiograms that
were of insufficient quality to be included in the evaluation, leaving
329 patients in the placebo group and 343 patients in the aliskiren
group with evaluable echocardiograms available at baseline and at
end of the study.

Patients who qualified by echocardiographic criteria were random-
ized to aliskiren or placebo, beginning at a dose of 75 mg and titrated
up to 300 mg once daily for 36 weeks. Randomization numbers were
generated using a validated IVRS system that automated the random
assignment of patient numbers to randomization numbers in an
unbiased fashion and concealed randomization codes from patients
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Figure 2 Study design and titration scheme.

and investigator staff. Patients, investigator staff, persons performing
the assessments, and data analysts remained blinded to the identity
of the treatment from the time of randomization until database lock.
Randomization data was kept strictly confidential until the time of
unblinding, and was not accessible by anyone else involved in the
study with the exception of authorized persons, and the identity of
the treatments was concealed by the use of study drugs that were
identical in packaging, labelling, schedule of administration, and appear-
ance. A double-dummy design was used because the identity of the
study drugs could not be disguised due to their different forms. Ran-
domization was stratified according to whether a patient was taking
an aldosterone blocker at baseline and by centre. Patients were
followed for 36 weeks after which the final echocardiogram was
obtained. Details of the study design and titration scheme are shown
in Figure 2.

Efficacy measures

The primary endpoint of the trial was change in end-systolic volume
from baseline to 36 weeks. Key secondary endpoints included a com-
posite of CV death, hospitalization for heart failure, or a reduction in
ejection fraction >6 units and a composite of CV death, hospitaliz-
ation for heart failure, recurrent myocardial infarction, stroke, or
resuscitated sudden death. Additionally, we assessed the overall
safety and tolerability of aliskiren in combination with the standard
therapy and assessed other echocardiographic assessments of cardiac
size and function.

Echocardiographic measurements

Site sonographers received training in optimal echocardiographic
assessment for determining ventricular volumes at investigators meet-
ings and site certification was performed. Echocardiograms were trans-
ferred on CD or videotape to a core laboratory at Brigham and
Women’s Hospital. Ventricular volumes were determined by the
modified Simpson’s method in the apical four and two chamber
views, and the ejection fraction was calculated from volumes in the
standard manner." Infarct segment length was assessed as length of
the akinetic or dyskinetic endocardium as a percentage of the total
perimeter in each view. All echocardiographic images were assessed

: 75mg 150mg. Alskiren 300,

150mg Placebo 300 mg once daily

Total follow-up: 36 weeks

Echocardiograms evaluated in core laboratory
Endpoints adjudicated by blinded central committee

for image quality and for foreshortening that could adversely affect
volumetric measurements. Studies with poor image quality or in
which substantial foreshortening was observed were excluded from
the analyses.

Clinical outcomes and adverse events

Major adverse cardiovascular events, including death, recurrent myo-
cardial infarction, stroke, and heart failure hospitalization, were adjudi-
cated by a central endpoint committee blinded to treatment
assignment according to prespecified standard definitions.

All site investigators reported adverse events and serious adverse
events that were potential endpoints were submitted for adjudication.
Adverse and serious adverse events that represented study endpoints
were reported separately from investigator reported adverse events.

Statistical considerations

For the primary endpoint (change in LVESV from baseline to week 36),
the study was designed to have 80% power to detect a 3.1 mL differ-
ence in change in LVESV at a two-sided 0.05 significance level, with an
estimated total sample size of 800 patients. The prespecified primary
analysis was conducted using the analysis of covariance adjusting for
stratification variables, including region, use of aldosterone antagonists,
as well as baseline LVESV and was based on intent to treat in patients
with both baseline and follow-up echocardiographic assessment.
Non-echocardiographic efficacy endpoints were reported on a strict
intent to treat basis. Adverse events and safety lab measurements
were reported for treated patients.

Baseline characteristics between groups were compared with Stu-
dent’s t-test for continuous variables and X test for categorical vari-
ables. Time-to-event analyses treatment comparisons were made
using Cox regression, adjusted for age, history of prior Ml, and baseline
LVESV. Adverse event and safety lab comparisons were made using
Fisher’s exact test. Post hoc subgroup analyses were performed in the
following subgroups: age > or <65, gender, history of diabetes melli-
tus, history of hypertension, use of aldosterone antagonists, and left
ventricular ejection fraction <35%. Interaction was assessed
between subgroups and the primary outcome, adjusting for baseline
end-systolic volume and stratification variables as with the analysis of
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the primary endpoint. A P-value of < 0.05 was considered significant,
and all between treatment group comparisons were two-sided. All
analyses were performed using Stata, version 11, at Brigham and
Women’s Hospital and confirmed using SAS, version 9.2, by the
sponsor.

The study was designed jointly by the academic steering committee
and the sponsor. The sponsor was involved in study management, data
collection, and data analysis. At the completion of the trial, all data
were transferred to Brigham and Women’s Hospital and analysed by
an independent academic statistician. The manuscript was written by
the academic steering committee. The authors had full access to and
take full responsibility for the integrity of the data. All authors have
read and agree with the manuscript as written.

Results

Baseline characteristics

Baseline characteristics of the patients randomized are shown in
Table 1. On average, patients were ~60 years old, primarily
male, and had a baseline eGFR of 80 mL/min/1.72 m2. The majority
of patients had Q-wave, anterior location infarctions. There were
no statistically significant differences between groups, although a
greater percentage of patients randomized to the aliskiren group
were over 65 years old, had eGFR <60 mL/min/1.72 mz, had a
history of prior Ml or heart failure, and were taking aldosterone
antagonists. Almost all were receiving antiplatelet agents, statins,
beta-blockers, and ACE-Is or ARB at baseline. Forty-four per
cent of patients were taking an optimal dose of an ACE-l or
ARB, defined as daily doses of 150 mg of captopril, 20 mg of ena-
lapril, 20 mg of lisinopril, 8 mg of perindopril, 10 mg of ramipril,
32 mg of candesartan, 320 mg of valsartan, 100 mg of losartan,
or 300 mg of irbesartan. Approximately 27% of patients were
taking an aldosterone blocker. The baseline left ventricular end-
diastolic volume in all patients who had baseline data available
was ~132 mL and end-systolic volume ~84 mL. The average ejec-
tion fraction was 37.5%, and the infarct segment length was just
over 25%. Baseline blood pressures were 121.6 + 16.1/75.2 +
9.4 in the aliskiren group and 121.7 + 16.2/75.4 + 9.3 in the
placebo group. The median time to randomization following Ml
was 43 days.

Blood pressure

The mean sitting blood pressure throughout the trial was slightly
lower in the aliskiren group compared with placebo, with final
blood pressures of 122.1 + 16.0/74.0 + 9.3 in the aliskiren group
and 1242 + 149/764 + 9.4 in the placebo group (between-
treatment change: systolic BP change, P=0.09; diastolic BP
change, P = 0.001).

Efficacy measures

End-systolic volume decreased by 3.5 + 16.3 mL in the placebo
group and by 4.4 + 168 mL in aliskiren group (Table 2; P=
0.44). Similarly, the between group changes in end-diastolic
volume, ejection fraction, infarct segment length, or percent of
patients whose ejection fraction decreased by >6 points did not
differ significantly (Table 2). There were no differences in any of
the clinical secondary efficacy variables (Table 3), including the

Table | Baseline characteristics

Characteristic Placebo, Aliskiren,
n =397 n =423
Male gender (%) 85 81
Age (years + SD) 59 + 12 61+12
Age >65 years (%) 34 40
Baseline eGFR 81+ 19 80 + 21
(mL/min/1.73 m?) (%)
eGFR<60 13 17
History of diabetes 22 23
History of hypertension 50 55
History of Ml 18 22
Prior HF hospitalization 4 6
Infarct type (%)
Q-wave Ml 71 68
Anterior Ml 79 79
Killip class >2 42 45
Reperfusion Therapy 76 73
Baseline medications (%)
Anti-platelet agents 98 98
ACE-| 91 89
ARB 9 10
‘Optimal’ dose ACE-| or 43 44
ARB
Beta-blocker 95 96
Statin 98 97
Aldosterone blocker 24 29
Baseline echocardiographic measures
LVESV (mL) 86.1 +29.9 82.4 + 26.0
LVEDV (mL) 135.7 + 36.2 1305 + 329
Left ventricular ejection 375+58 376 +5.3
fraction (%)
Infarct length (%) 25.0 + 10.6 25.7 +10.6

composite of cardiovascular death, hospitalization for heart
failure or reduction in LVEF by >6 points, or the clinical compo-
site of cardiovascular death, hospitalization for heart failure, recur-
rent Ml, stroke, or resuscitated sudden death. All-cause mortality
was only 2% in the placebo group and numerically, but not statisti-
cally, higher in the aliskiren group (Table 3). A similar proportion of
deaths (6/8 in the placebo group and 13/17 in the aliskiren group)
were adjudicated as cardiovascular. There were no significant
differences between treatment groups in the components of the
adjudicated endpoints. Within post hoc subgroups analysed, there
were no differences in the treatment effect, with the exception
of the diabetic subgroup, for whom we observed a borderline
interaction in favour of aliskiren (Figure 3).

Adverse events

Overall there were more patient or investigator reported adverse
events in the patients receiving aliskiren (P= 0.02; Table 4).
However, the total number of serious adverse events was similar
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Table 2 Changes in echocardiographic measures
Placebo, n = 329 Aliskiren, n = 343 P-value
Baseline Change Baseline Change
LVESV(mL) 842 + 255 —35+163 825 +26.6 —44+ 168 0.44
LVEDV (mL) 1335+ 316 1.7+ 196 1312 £ 339 —32+193 0.26
LVEF (%) 377+ 55 23+ 441 37.9 + 5.1 25+45 0.71
Infarct
Length (%) 244 + 103 —47+95 251+ 104 —56+9.0 0.27
EF drop > 6% 2 (0.6%) 6 (1.8%) 0.17

Treatment group values shown are mean + standard deviation and n (%).
P-value for EF drop >6% based on x? test.

P-values for LVESV, LVEDV, LVEF, and infarct length are from analyses of covariance of change from baseline, adjusted for region, aldosterone antagonist use, and baseline

measurement.

Table 3 Outcome measures

Placebo,
n =397 (%)
Composite of CV death, hospitalization for HF, 24 (6)
LVEF reduction by >6 units
Composite of CV death, hospitalization for HF, 34 (9)
recurrent MI, stroke, resuscitated sudden death
All-cause death 7 (2)
All-cause death without baseline LVESV covariate 8 (2)

Aliskiren, HR 95% CI P-value
n = 423 (%)

29 (7) 1.06 (0.60, 1.85) 0.85

39 (9) 1.01 (0.62, 1.63) 0.98

15 (4) 177 (0.72, 4.36) 0.22

17 (4) 176 (0.76, 4.10) 0.19

Hazard ratios (HR), 95% HR confidence intervals (Cl), and P-values are from a Cox regression adjusted for age, prior Ml, and baseline LVESV unless otherwise noted.

in the two arms (P=0.51). In particular, there were more
investigator reported renal dysfunction (P = 0.09), hypotension
(P=0.02), and hyperkalaemia events (P = 0.001) in the aliskiren
group, but serious adverse events were similar within these cat-
egories as well. Elevations in blood urea nitrogen and creatinine
were more likely in the aliskiren group, and patients in the aliskiren
group were more likely to have a potassium value measured at
>5.5 or >6.0 mmol/L (Table 5).

Discussion

In patients with LV systolic dysfunction after recent acute MI, the
addition of the direct renin inhibitor aliskiren to a standard
optimal medical regimen, including an ACE-I or an ARB, a beta-
blocker and in some cases an aldosterone antagonist, did not
improve ventricular remodelling compared with placebo.

It is unlikely that this lack of effect on remodelling can be
explained by the lack of incremental RAAS blockade as the dose
of aliskiren we used (and a lower dose) is known to result in
further inhibition of the RAAS when added to an ACE-|l or ARB,
with further lowering of blood pressure in patients with hyperten-
sion,10 and further reduction in albuminuria in patients with dia-
betes, chronic kidney disease and albuminuria.’ In patients with
heart failure, addition of aliskiren to the standard therapy, including

an ACE-| or an ARB and beta-blocker decreased plasma BNP con-
centration.” The increased rate of hypotension and renal dysfunc-
tion with dual therapy in the present study is also indicative of
incremental RAAS blockade.

Nor is it likely that the specific approach we used to incremen-
tally block the RAAS was inferior to adding an ARB. Aliskiren is
similarly efficacious to other inhibitors of the RAAS in lowering
blood pressure and urinary albumin excretion in direct compari-
sons.” By competitively inhibiting renin at the most proximal step
in the RAAS cascade, aliskiren has a number of potential advan-
tages over other RAAS inhibitors. It attenuates the reflex rise in
plasma renin activity and angiotensin | and/or angiotensin |l that
occurs with use of an ACE-l or ARB and thus may prevent reacti-
vation of the RAAS. Plasma renin activity itself may have direct det-
rimental biological effects. In support of this hypothesis is the
finding that plasma renin activity is a predictor of adverse out-
comes in patients with heart failure,® and following myocardial
infarction,17 even in the setting of ACE-."81?

The more likely, and simpler, explanation for our findings is that,
in contrast to chronic heart failure,”® in the post-MI setting a single
inhibitor of the renin—angiotensin system is sufficient to attenuate
late remodelling in otherwise well-treated patients, including use of
a beta-blocker in nearly every case. Indeed, we cannot exclude the
possibility that beta-blockers, known inhibitors of renin release,21
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Figure 3 Post hoc subgroup analysis. Aldo, aldosterone.

Table 4 Investigator and patient reported adverse
events

Placebo Aliskiren P-value
(n=397) (n = 422°)
Total adverse events 268 (67.5) 316 (74.9) 0.02
(AEs)
Total serious 92 (232) 107 (254) 0.51
adverse events
(SAEs)
Renal dysfunction
AEs 3(0.8) 10 (24) 0.09
SAEs 1(0.3) 2 (0.5) >0.99
Hypotension
AEs 18 (4.5) 37 (8.8) 0.02
SAEs 3(0.8) 1(0.2) 0.36
Hyperkalaemia
AEs 5(1.3) 22 (5.2) 0.001
SAEs 0 (0) 0 (0) —

Results are based on treated patients. One patient randomized to the aliskiren
group did not take study medication.
P-values from Fisher’s exact test.

contributed to these findings. Nevertheless, these findings contrast
with those of post-MI studies in similar populations with aldoster-
one receptor antagonis‘cs,M’22 suggesting that adding an aldoster-
one receptor antagonist to an inhibitor of the renin—angiotensin
system may be fundamentally different from adding an upstream
inhibitor to an ACE-| or ARB.

Favours Aliskiren

Table 5 Biochemical abnormalities

Biochemical Placebo, Aliskiren, P-value
abnormalities n =397 (%) n =422 (%)
Blood urea nitrogen
>14.3 mmol/L 18 (4.6) 52 (124) <0.001
(40 mg/dL)
Creatinine®
>176 and 4 (1.0) 13 (3.1) 0.041*
<265 pmol/L
(>2and <3 mg/
dL)
>265 pmol/L 1(0.3) 2 (0.5) >0.999*
(>3 mg/dL)
Potassium®
<3.5 mmol/L 11(2.8) 10 (24) 0.826°
>5.5 and 16 (4.0) 32 (7.6) 0.002°
<6.0 mmol/L
>6.0 mmol/L 10 (2.5) 23 (5.5) 0.034°

P-values from Fisher’s exact test.
Creatinine tests for <176 vs. >176 and <265 vs. >265 umol/L.
®Potassium tests for <3.5 vs. >3.5, <5.5 vs. >55, and <6 vs. >6 mmol/L.

We found a borderline statistical interaction between baseline
diabetes status and treatment effect, such that patients with
diabetes-derived greater benefit from aliskiren with respect to
the primary outcome. These findings are similar to those
reported in the Aliskiren in Left Ventricular Hypertrophy
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(ALLAY) Trial in which diabetic patients treated with a combi-
nation of aliskiren and losartan demonstrated greater left ventri-
cular mass regression than patients treated with losartan alone.”®
Nevertheless, these post hoc findings should be considered
hypothesis generating.

Some limitations of this study should be noted. Because
patients were stabilized on optimal medical therapy prior to
initiation of the study drug, which occurred an average of
43 days post-Ml, this study had no opportunity to affect early
post-MI remodelling, during which time the rate of ventricular
remodelling is greatest, although, as found in VALIANT, it is unli-
kely that more intense RAAS blockade could be tolerated in the
acute phase in ACE-I naive patients. Furthermore, an echocardio-
graphic substudy in VALIANT showed no remodelling benefit of
dual therapy started in the early post-MI period”* and a recent
study showed that aliskiren use in acute coronary syndrome
patients did not reduce levels of brain natriuretic peptide.25
The duration of our study was relatively short, and it is possible
that longer administration of aliskiren might be necessary to
demonstrate a benefit, although the present findings suggest a
measureable between-treatment difference would not be appar-
ent for a very long time.

Consequently, we believe that our trial fulfilled its objective in
helping determine whether a large-scale, mortality-morbidity,
trial using aliskiren in addition to an ACE-l or ARB should be
undertaken in high-risk post-MI patients, and that these findings
do not support such a study. On the other hand, our findings
about the potential value of dual RAAS blockade with aliskiren
should not be extrapolated to other populations, including diabetic
nephropathy and heart failure, where the effect on surrogate out-
comes has already been shown, and the effect on clinical outcomes
will be determined in ongoing clinical trials.2%%’

In summary, in a clinical trial comparing aliskiren to placebo in
high-risk post-Ml patients on optimal medical therapy including an
inhibitor of the renin—angiotensin system, we did not observe a
benefit with respect to attenuation of ventricular remodelling.
Patients receiving aliskiren had overall more adverse events,
including hypotension, renal dysfunction, and hyperkalaemia.
These findings do not suggest that dual RAAS blockade with
aliskiren would provide additional benefit in these high-risk
post-MI patients.

Supplementary material

Supplementary material is available at European Heart Journal
online.

Funding
Funded by Novartis.

Conflict of interest: SD.S, MAP, LK, JLR, APM, JJVM,
and AD. have received research support from Novartis. S.D.S,
M.AP, LK, JLR, APM, JJV.M. have consulted for Novartis. R.Y.K.
and A.H. are employees of Novartis.

References

1. Pfeffer MA, Braunwald E, Moye LA, Basta L, Brown EJ, Cuddy TE, Davis BR,
Geltman EM, Goldman S, Flaker GC, Klein M, Lamas GA, Packer M, Rouleau |,

Rouleau JL, Rutherford ], Wertheimer JH, Hawkins CM. Effect of captopril on
mortality and morbidity in patients with left ventricular dysfunction after myocar-
dial infarction: results of the Survival and Ventricular Enlargement trial. N Engl |
Med 1992;327:669—-677.

. Yusuf S, Sleight P, Pogue |, Bosch ], Davies R, Dagenais G. Effects of an

angiotensin-converting-enzyme inhibitor, ramipril, on cardiovascular events in
high-risk patients. The Heart Outcomes Prevention Evaluation Study Investi-
gators. N Engl | Med 2000;342:145—-153.

. Keber L, Torp-Pedersen C, Carlsen JE, Bagger H, Eliasen P, Lyngborg K,

Videbaek ], Cole DS, Auclert L, Pauly NC. A clinical trial of the
angiotensin-converting-enzyme inhibitor trandolapril in patients with left ventri-
cular dysfunction after myocardial infarction. Trandolapril Cardiac Evaluation
(TRACE) Study Group. N Engl | Med 1995;333:1670—1676.

. Pfeffer MA, McMurray JJ, Velazquez EJ, Rouleau JL, Kgber L, Maggioni AP,

Solomon SD, Swedberg K, Van de Werf F, White H, Leimberger |D, Henis M,
Edwards S, Zelenkofske S, Sellers MA, Califf RM. Valsartan in Acute Myocardial
Infarction Trial Investigators. Valsartan, captopril, or both in myocardial infarction
complicated by heart failure, left ventricular dysfunction, or both. N Engl | Med
2003;349:1893—1906.

. McMurray JJ, Ostergren |, Swedberg K, Granger CB, Held P, Michelson EL,

Olofsson B, Yusuf S, Pfeffer MA. CHARM Investigators and Committees.
Effects of candesartan in patients with chronic heart failure and reduced left-
ventricular systolic function taking angiotensin-converting-enzyme inhibitors: the
CHARM-Added trial. Lancet 2003;362:767—-771.

. Cohn JN, Tognoni G. Valsartan Heart Failure Trial Investigators. A randomized

trial of the angiotensin-receptor blocker valsartan in chronic heart failure. N
Engl ] Med 2001;345:1667—1675.

. Gradman AH, Schmieder RE, Lins RL, Nussberger J, Chiang Y, Bedigian MP. Alis-

kiren, a novel orally effective renin inhibitor, provides dose-dependent antihyper-
tensive efficacy and placebo-like tolerability in hypertensive patients. Circulation
2005;111:1012-1018.

. Verdecchia P, Calvo C, Méckel V, Keeling L, Satlin A. Safety and efficacy of the

oral direct renin inhibitor aliskiren in elderly patients with hypertension. Blood
Press 2007;16:381—391.

. Nussberger J, Wuerzner G, Jensen C, Brunner HR. Angiotensin Il suppression in

humans by the orally active renin inhibitor Aliskiren (SPP100): comparison with
enalapril. Hypertension 2002;39:E1—-E8.

. Oparil S, Yarows SA, Patel S, Fang H, Zhang , Satlin A. Efficacy and safety of com-

bined use of aliskiren and valsartan in patients with hypertension: a randomised,
double-blind trial. Lancet 2007;370:221-229.

. McMurray J), Pitt B, Latini R, Maggioni AP, Solomon SD, Keefe DL, Ford J,

Verma A, Lewsey |. Aliskiren Observation of Heart Failure Treatment (ALOFT)
Investigators. Effects of the oral direct renin inhibitor aliskiren in patients with
symptomatic heart failure. Circ Heart Fail 2008;1:17—-24.

. Parving HH, Persson F, Lewis |B, Lewis EJ, Hollenberg NK. AVOID Study Investi-

gators. Aliskiren combined with losartan in type 2 diabetes and nephropathy. N
Engl ] Med 2008;358:2433-2446.

. Antman EM, Anbe DT, Armstrong PW, Bates ER, Green LA, Hand M,

Hochman JS, Krumholz HM, Kushner FG, Lamas GA, Mullany CJ, Ornato JP,
Pearle DL, Sloan MA, Smith SC Jr, Alpert JS, Anderson JL, Faxon DP, Fuster V,
Gibbons RJ, Gregoratos G, Halperin JL, Hiratzka LF, Hunt SA, Jacobs AK. Amer-
ican College of Cardiology; American Heart Association Task Force on Practice
Guidelines; Canadian Cardiovascular Society. ACC/AHA guidelines for the man-
agement of patients with ST-elevation myocardial infarction: a report of the
American College of Cardiology/American Heart Association Task Force on
Practice Guidelines (Committee to Revise the 1999 Guidelines for the Manage-
ment of Patients with Acute Myocardial Infarction). Circulation 2004;110:
e82-e292.

. Pitt B, Remme W, Zannad F, Neaton J, Martinez F, Roniker B, Bittman R, Hurley S,

Kleiman |, Gatlin M. Eplerenone Post-Acute Myocardial Infarction Heart Failure
Efficacy and Survival Study Investigators.: Eplerenone, a selective aldosterone
blocker, in patients with left ventricular dysfunction after myocardial infarction.
N Engl | Med 2003;348:1309-1321.

. Lang RM, Bierig M, Devereux RB, Flachskampf FA, Foster E, Pellikka PA,

Picard MH, Roman MJ, Seward ], Shanewise JS, Solomon SD, Spencer KT,
Sutton MS, Stewart WJ. Recommendations for chamber quantification: a report
from the American Society of Echocardiography’s Guidelines and Standards
Committee and the Chamber Quantification Writing Group, developed in
conjunction with the European Association of Echocardiography, a branch of
the European Society of Cardiology. | Am Soc Echocardiogr 2005;18:
1440-1463.

. Francis GS, Cohn JN, Johnson G, Rector TS, Goldman S, Simon A. Plasma norepi-

nephrine, plasma renin activity, and congestive heart failure. Relations to survival
and the effects of therapy in V-HeFT Il. The V-HeFT VA Cooperative Studies
Group. Circulation 1993;87(6 Suppl):VI40—VI148.

GTO0Z ‘'z ARe uo 1sanb Aq woly papeojumoq


http://eurheartj.oxfordjournals.org/cgi/content/full/ehq522/DC1
http://eurheartj.oxfordjournals.org/cgi/content/full/ehq522/DC1

1234

S.D. Solomon et al.

20.

21.

22.

. Rouleau JL, Packer M, Moyé L, de Champlain J, Bichet D, Klein M, Rouleau R,

Sussex B, Arnold JM, Sestier F, Parker JO, McEwan P, Bernstein V, Cuddy TE,
Lamas G, Gottlieb SS, McCans J, Nadeau C, Delage F, Pfeffer M. Prognostic
value of neurohumoral activation in patients with an acute myocardial infarction:
effect of captopril. | Am Coll Cardiol 1994;24:583-591.

. Latini R, Masson S, Anand |, Salio M, Hester A, Judd D, Barlera S, Maggioni AP,

Tognoni G, Cohn JN. Val-HeFT Investigators. The comparative prognostic value
of plasma neurohormones at baseline in patients with heart failure enrolled in
Val-HeFT. Eur Heart | 2004;25:292-299.

. Masson S, Solomon SD, Angelici L, Latini R, Anand IS, Prescott M, Maggioni AP,

Tognoni G, Cohn JN. Val-HeFT Investigators. Elevated plasma renin activity predicts
adverse outcome in chronic heart failure, independently of pharmacological
therapy. Data from the Valsartan Heart Failure trial (Val-HeFT). | Card Failure 2010;
16:964-970.

Wong M, Staszewsky L, Latini R, Barlera S, Volpi A, Chiang YT, Benza RL,
Gottlieb SO, Kleemann TD, Rosconi F, Vandervoort PM, Cohn JN. Val-HeFT
Heart Failure Trial Investigators. Valsartan benefits left ventricular structure and
function in heart failure: Val-HeFT echocardiographic study. | Am Coll Cardiol
2002;40:970-975.

Assaykeen TA, Clayton PL, Goldfien A, Ganong WF. The effect of alpha- and
beta-adrenergic blocking agents on the renin response to hypoglycemia and epi-
nephrine in dogs. Endocrinology 1970;87:1318—-1322.

Hayashi M, Tsutamoto T, Wada A, Tsutsui T, Ishii C, Ohno K, Fujii M, Taniguchi A,
Hamatani T, Nozato Y, Kataoka K, Morigami N, Ohnishi M, Kinoshita M, Horie M.
Immediate administration of mineralocorticoid receptor antagonist spironolac-
tone prevents post-infarct left ventricular remodeling associated with suppression
of a marker of myocardial collagen synthesis in patients with first anterior acute
myocardial infarction. Circulation 2003;107:2559—-2565.

23.

24.

25.

26.

27.

Solomon SD, Appelbaum E, Manning WJ, Verma A, Berglund T, Lukashevich V,
Cherif Papst C, Smith BA, Dahléf B. Aliskiren in Left Ventricular Hypertrophy
(ALLAY) Trial Investigators. Effect of the direct Renin inhibitor aliskiren, the
Angiotensin receptor blocker losartan, or both on left ventricular mass in patients
with hypertension and left ventricular hypertrophy. Circulation 2009;119:530—-537
Epub 2009 Jan 19.

Solomon SD, Skali H, Anavekar NS, Bourgoun M, Barvik S, Ghali JK, Warnica JW,
Khrakovskaya M, Arnold JM, Schwartz Y, Velazquez EJ, Califf RM, McMurray }V,
Pfeffer MA. Changes in ventricular size and function in patients treated with val-
sartan, captopril, or both after myocardial infarction. Circulation 2005;111:3411-9
Epub 2005 Jun 20.

Scirica BM, Morrow DA, Bode C, Ruzyllo W, Ruda M, Oude Ophuis AJ,
Lopez-Sendon J, Swedberg K, Ogorek M, Rifai N, Lukashevich V, Maboudian M,
Cannon CP, McCabe CH, Braunwald E. Patients with acute coronary syndromes
and elevated levels of natriuretic peptides: the results of the AVANT GARDE-
TIMI 43 Trial. Eur Heart | 2010;31:1993-2005 Epub 2010 Jun 17.

Parving HH, Brenner BM, McMurray J), de Zeeuw D, Haffner SM, Solomon SD,
Chaturvedi N, Ghadanfar M, Weissbach N, Xiang Z, Armbrecht ], Pfeffer MA.
Aliskiren Trial in Type 2 Diabetes Using Cardio-Renal Endpoints (ALTITUDE):
rationale and study design. Nephrol Dial Transplant 2009;24:1663—1671.

Krum H, Massie B, Abraham WT, Dickstein K, Kober L, McMurray J], Desai A,
Gimpelewicz C, Kandra A, Reimund B, Rattunde H, Armbrecht J; ATMOSPHERE
Investigators. Direct renin inhibition in addition to or as an alternative to angio-
tensin converting enzyme inhibition in patients with chronic systolic heart
failure: rationale and design of the Aliskiren Trial to Minimize OutcomeS in
Patients with HEart failuRE (ATMOSPHERE) study. Eur | Heart Failure 2011;13:
107-114.

GTO0Z ‘'z ARe uo 1sanb Aq woly papeojumoq



