Rationale for Combining
Blockers of the Renin-Angiotensin System

Michel Azizi, MD, PhD, and Grégoire Wuerzner, MD

Summary: Blockade of the renin-angiotensin system (RAS) with angiotensin I-converting
enzyme (ACE) inhibitors and AT1-receptor (AT1R) blockers has become one of the most
successful therapeutic approaches in medicine. The question is no longer whether RAS
inhibition helps, but rather how we can optimize inhibition to achieve optimal cardiovascular
and renal protection. Indeed, numerous data have shown that the RAS is not blocked fully
over 24 hours with current doses of RAS blockers because they trigger a counter-regulatory
renin release that can offset pharmacologic inhibition of the RAS. This absence of full
blockade may have clinical implications. Combination therapy with ACE inhibitors and AT1R
antagonists thus has been proposed to inhibit the biological effects of the reactive renin
release triggered by single-site RAS inhibition. By using this approach, numerous experimen-
tal and clinical studies have suggested that this combination therapy has additive or syner-
gistic effects on blood pressure and on the prevention of cardiovascular and renal lesions.
Although similar intensity of RAS blockade can be achieved by either combination therapy or
by using high doses of an AT1-receptor antagonist given alone, the ACE inhibitor present in
the combination interferes with the bradykinin-nitric oxide pathway and the N-acetyl-Ser-

Asp-Lys-Pro metabolism, which both may have additional biological effects.
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(RAS) with angiotensin I-converting

enzyme (ACE) inhibitors, AT1 receptor
(AT1R) blockers, or a combination of these
drugs! has become one of the most successful
therapeutic approaches in medicine. There is
considerable evidence to show that this treat-
ment reduces blood pressure (BP),? left ventric-
ular mass,? and proteinuria.* RAS blockade de-
creases cardiovascular morbidity and mortality
in patients with chronic heart failure,>7 or left
ventricular systolic dysfunction,® and in pa-
tients after myocardial infarction.®!° RAS block-
ers retard the progression of renal insufficiency
in type 1 (ACE inhibitors'") and type 2 (AT1R
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antagonists'>13) diabetes mellitus and nondia-
betic chronic renal disease.'#-!7 Finally, an ACE
inhibitor administered in the evening reduces
the rate of death, cardiac events, and stroke in
patients with a high cardiovascular risk at base-
line.'® A beneficial effect of ACE inhibition in
the prevention of cardiovascular diseases, even
in the absence of high BP, also was reported in
the European Trial on Reduction of Cardiac
Events with Perindopril in Stable Coronary Ar-
tery Disease (EUROPA) trial,'” and in a meta-
analysis,?° including the Prevention of Events
with Angiotensin-Converting Enzyme Inhibi-
tion (PEACE) trial.?!

OVERVIEW OF THE RAS

The RAS is a coordinated hormonal cascade
that regulates fluid and electrolyte balance
and arterial pressure, and it plays a major role
in cardiovascular, renal, and adrenal function
(for review see Carey and Siragy?? and Paul et
al?¥). In the classic view of the RAS, angioten-
sin (Ang) II, the biologically active octapeptide,
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is generated by a 2-step enzymatic process in
which its precursor, the inactive decapeptide Ang
I, is cleaved from angiotensinogen by renin, a
glycosylated aspartyl protease secreted by the re-
nal juxtaglomerular granular epithelioid cells. The
second step of Ang II synthesis is the removal of
the C-terminal dipeptide of Ang I by ACE, a zinc
dipeptidyl carboxypeptidase with 2 catalytic
sites.?* ACE has multiple substrates both in vitro
and in vivo.24 For instance, in vivo it cleaves and
thus inactivates bradykinin (BK), a vasodilator and
natriuretic peptide,>* substance P,?* and also N-
acetyl-Ser-Asp-Lys-Pro (AcSDKP), a hemoregula-
tory peptide.?> Therefore, ACE generates a potent
vasoconstrictor and antinatriuretic peptide, Ang
I, while simultaneously degrading a potent vaso-
dilator and natriuretic peptide, BK. Ang II binds to
its receptors to activate intracellular signals, and it
also very rapidly is cleaved by other enzymes,
such as angiotensinases. into other shorter angio-
tensin-related peptides (Ang III, Ang [1-7], and
Ang [3-8]).2? The biological functions of Ang III
are well known. Although Ang (1-7) and Ang (3-8)
are biologically active, their functions in vivo have
not been elucidated fully. The majority of the
effects of Ang II—vascular smooth muscle cell
contraction and pressor response, aldosterone se-
cretion, inhibition of renin release (negative feed-
back loop), renal sodium reabsorption, vasopres-
sin secretion, dipsogenic responses, generation of
growth-promoting cytokines, free oxygen radi-
cals, and fibrosis mediators in tissues—are medi-
ated by the AT1 receptor.?? Ang II also binds the
Ang II type 2 receptor, whose functions remain
controversial.2°

This view of the RAS has been expanded by
additional findings. First, besides the circulating
RAS, numerous studies have proven the impor-
tance of a local tissue RAS in the kidney, brain,
heart, blood vessels, and adrenal glands in medi-
ating diverse physiologic functions.?> Second, al-
ternative non-ACE-dependent pathways of Ang II
generation, such as chymase?” and chymotrypsin-
like angiotensin-generating enzyme,”® and new
enzymes such as the zinc metallo-carboxypepti-
dase ACE2, have been described.?3* ACE2 hy-
drolyzes Ang I to Ang (1-9), Ang II to Ang (1-7),
and BK to des-Arg?-BK and other substrates in
vitro, but its functions in vivo remain to be
elucidated.?**° ACE2 counterbalances the func-

tions of ACE and the balance between these 2
proteases may determine local and systemic
levels of RAS peptides such as Ang II and Ang
(1-7).3° Third, besides the AT1 and AT2 recep-
tors, other receptors (AT4) and other signaling
pathways have been characterized.’! Finally,
the discovery of the prorenin/renin receptor
has given renin and prorenin a direct biological
role in stimulating intracellular pathways inde-
pendently of Ang II.3233

MECHANISM OF ACTION
OF SINGLE-SITE RAS BLOCKERS

ACE Inhibitors and AT1R Antagonists

Several mechanisms contribute to the beneficial
effects of RAS blockers in cardiovascular and
renal therapy: the hemodynamic consequences
of Ang II neutralization3* and the suppression of
the Ang II-dependent generation of growth-
promoting cytokines, free oxygen radicals, and
fibrosis mediators in tissues®> However, the var-
ious methods used to inhibit the RAS differ in
terms of their biochemical effects (Table 1).3¢
Although single-site RAS inhibitors allow mainly
for inhibition of both the circulating and tissue
RAS, depending on their primary target and the
distribution of the drug, alternative mecha-
nisms may be involved in their overall pharma-
codynamic effect. AT1R antagonists block the
effects of Ang II generated by pathways other
than ACE, such as chymotrypsin-like angioten-
sin-generating enzyme?® or chymase.?’” In some
organs, such as the kidneys,®” heart,?’” and
blood vessels, 333 Ang II continues to be pro-
duced in patients treated with ACE inhibitors.
Non-ACE pathways may be activated in some
pathologic situations. ACE inhibitors induce the
accumulation of vasodilator and natriuretic pep-
tides, such as BK and Ang (1-7),° and of the
hematologic peptide AcSDKP.?> ACE inhibitors
decrease BK degradation, thereby activating the
B2 receptor, leading to the release of nitric oxide
(NO), prostacyclin, and other potent endothelial-
derived local vasodilator substances,*!' which may
in turn increase their shortterm hemodynamic
effects. During chronic ACE inhibition, increases
in Ang (1-7) levels may enhance the vasodilator
activity of BK by stimulating NO release.®> ATIR
antagonists stimulate potentially functional AT,
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Table 1. Biochemical Effects of RAS Blockers Given Alone or in Combination

Single-Site RAS Blockade

Dual RAS Blockade

ACE Renin Renin
Inhibitors + Inhibitors + Inhibitors +
ACE AT,R Renin AT1R AT1R ACE
Inhibitors Antagonists Inhibitors Antagonists Antagonists Inhibitors
Enzymes
Plasma renin activity Increased Increased Inhibited Additive effect Inhibited Inhibited
Plasma renin Increased Increased Increased Additive effect Additive effect Additive effect
concentration
Plasma ACE Inhibited Not inhibited Not inhibited Inhibited Not inhibited Inhibited
Tissue ACE Inhibited Not inhibited Not inhibited Inhibited Not inhibited Inhibited
Substrate concentrations
Angiotensinogen Decreased Decreased No change Additive effect No change No change
Ang | Increased Increased Decreased Additive effect Decreased or Decreased or
normal normal
BK Increased No change No change Increased No change Increased
AcSDKP Increased No change No change Increased No change Increased
Receptors
AT1 receptors Not stimulated Blocked Not stimulated Not stimulated Not stimulated Not stimulated
and blocked and blocked
AT2 receptors Not stimulated Stimulated Not stimulated Minor stimulation Not stimulated Additive effect
BK (B2) receptors Stimulated Stimulated Not stimulated Additive effect Not stimulated Stimulated
End-products
Ang |l Decreased Increased Decreased Decreased or Decreased or Additive effect
normal normal
Non-ACE-dependent Present Blocked Not stimulated Blocked Blocked Inhibited
Ang Il
Angiotensin-related Decreased Increased Decreased Decreased or Decreased or Additive effect
peptides normal normal
Aldosterone Decreased Decreased Decreased No major additive Additive effect Additive effect

effect

receptors, which then may trigger a vasodilator
and natriuretic cascade involving BK, NO, and
cyclic guanosine monophosphate,?® and other
Ang II receptors, the functions of which remain
unclear. Little is known about the physiologic
consequences of activating these receptors
but if their activation should prove to
be deleterious, an issue that remains seriously
debated,*?43 then renin inhibitors would have
clinical advantages over alternative RAS inhib-
itors. During chronic ACE inhibition, in-
creases in AcSDKP levels may have beneficial
cardiac and renal effects. AcSDKP has been
shown to have an antiproliferative effect on
renal fibroblasts and human mesangial cells
in vitro,*%45 and on cardiac fibroblasts in vitro
and in vivo. It also has an antifibrotic effect
on the heart and the kidney in different
experimental models?-% via inhibition of
Smad?2, the transforming growth factor 3 sig-
nal transduction pathway, and thus inhibition
of expression of extracellular matrix pro-
teins.*?->! Finally, AcSDKP has been shown to

have a direct nephroprotective effect in dia-
betic db/db mice>® and in rats with anti-
glomerular basement membrane nephritis.>?

Blocking the RAS at its
Initial Step: Renin Inhibition

Renin long has been recognized as the pre-
ferred, logical target for RAS blockade because
it corresponds to the first, highly regulated and
rate-limiting step of the system. Renin also
has a remarkably high specificity for only one
known substrate, angiotensinogen contrary
to ACE. The clinical development of the first
transition-state synthetic analogs capable of
inhibiting renin has faced a number of tech-
nical problems. The oral administration of
these renin inhibitors in human beings—
CGP32860A,5* remikiren,>>5 and zankiren>”—
did not meet all the necessary criteria (specific-
ity, potency, pharmacokinetic profile, and
development costs) for these drugs to be con-
sidered clinically useful. Molecular modeling
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and determination of the structure of the active
site of renin have led to the identification of
new renin inhibitors.>® The first representative
of this class of nonpeptide drugs is aliskiren, a
potent hydrophilic transition-state mimetic al-
kane carboxamide renin inhibitor with a very
high binding affinity for renin, resulting in se-
lectivity for this enzyme over other aspartyl
proteases.”® It is a potent competitive renin
inhibitor (ICso: 0.6 nmol/L) that binds strongly
to renin and is highly specific for human and
primate renin, and is less active against renin
from dog, rat, rabbit, pig, and cat.® This com-
pound is available in an orally active form and,
according to preclinical and clinical investiga-
tions, may be valuable for patients with cardio-
vascular and renal disorders.

As with ACE inhibitors and AT1R antago-
nists, the administration of a renin inhibitor
increases circulating and intrarenal enzyme
(renin) levels by interrupting the Ang II-renin
negative feedback loop. However, with a re-
nin inhibitor, the catalytic activity of the re-
nin molecules newly released from the kidney
is inhibited completely throughout the day,
resulting in very low circulating levels of Ang
I, Ang II, and other Ang I-derived peptides,
thereby rendering the RAS quiescent. In con-
trast, the renin molecules newly released
from the kidney remain enzymatically active
after administration of an AT1R antagonist or
an ACE inhibitor, resulting in high circulating
levels of Ang I, with variable levels of Ang II
depending on the drug used. This counter-
regulatory renin release could offset the phar-
macologic inhibition of the RAS at the end of
each dosing interval, when the amount of
competitive inhibitor or antagonist on the
enzyme (ACE) or receptor (AT1R) is decreas-
ing.!

Renin inhibitors also may provide additional
protection over other RAS inhibitors by inter-
fering with the enhanced catalytic activity of
renin and prorenin after the binding of these
molecules to the (pro)renin receptor or by in-
terfering with the binding of these molecules
to their receptor. If renin inhibitors not only
block the enzymatic activity of renin in vivo but
also change the conformation of prorenin,®!-%2
then they also may modify renin metabolism®

and binding to various receptors, including
the mannose 6-phosphate/insulin-like growth
factor 2 receptor®%> or the renin receptor.3?
These putative effects of renin inhibitors poten-
tially may be useful in patients with diabetes
mellitus in whom prorenin levels are increased
and are a powerful predictor of microvascular
complications,®® or if prorenin has a direct
toxic effect.®”

Some of the properties of renin inhibitors
may have important clinical implications. Renin
inhibitors induce a stronger renal vasodilator
response than ACE inhibitors in sodium-re-
stricted healthy subjects.®® In circumstances in
which Ang II generation within the kidney is
activated by pathways dependent on or inde-
pendent of ACE, as in patients with diabetic
nephropathy,® or in African American hyper-
tensive patients on a high-salt diet,”® we would
expect to see specific renal benefits of renin
inhibition in renal tissue’! after the administra-
tion of an orally active renin inhibitor.

Taking into account the very different angio-
tensin profiles achieved with the various single-
site RAS blockers, the similarity of acute and
long-term BP reductions achieved with certain
doses of aliskiren and AT1R antagonists in
different clinical settings should improve our
understanding of the potential role of increased
Ang (1-7) and BK-cyclic guanosine monophos-
phate-NO-mediated Ang II type 2 receptor
stimulation on the hemodynamic effects of
AT1R antagonists and ACE inhibitors.

THE NECESSITY OF
OPTIMIZING THE RAS BLOCKADE

We have entered a new era in which the
question is no longer whether RAS inhibition
helps, but rather how we can optimize inhi-
bition to achieve optimal cardiovascular and
renal protection. The usual once-daily doses
of ACE inhibitors and AT1R antagonists ini-
tially were selected on the basis of hyperten-
sion trial results, but the dose-response curve
for decreasing proteinuria and retarding pro-
gression of renal failure,'?7? for retarding vas-
cular lesions,!'® and for preventing cardiovas-
cular death in patients with chronic heart
failure’® may not be the same as for BP reduc-
tion. For instance, in type 2 diabetic patients
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with microalbuminuria or macroalbuminuria,
a 1.25-mg daily dose of ramipril was not ef-
fective to decrease cardiovascular risk in the
Noninsulin-dependent Diabetes, Hyperten-
sion, Microalbuminuria, Proteinuria, Cardio-
vascular Events, and Ramipril (DIABHYCAR)
study,” whereas a 10-mg dose reduced car-
diovascular mortality and morbidity in the
Microalbuminuria, Cardiovascular, and Renal
Outcomes HOPE (MICROHOPE) substudy.””
In the Peridopril Protection Against Recur-
rent Stroke (PROGRESS) study,’® a 4-mg daily
dose of perindopril alone was not effective to
prevent cardiovascular events in patients
with a previous stroke, whereas an 8-mg daily
dose of the same ACE inhibitor was effective
in patients with coronary heart disease.!® In
hypertensive patients with type 2 diabetes
and microalbuminuria, the highest dose of
irbesartan (300 mg/d) was effective to reduce
urine albumin excretion and the incidence of
overt nephropathy, whereas the low dose of
150 mg of irbesartan was not.””

Numerous data have shown that the RAS is
not blocked fully over 24 hours with current
doses of RAS blockers, and that this absence
of full blockade may have clinical implica-
tions. An ACE inhibitor administered at the
usual daily dose only suppresses plasma Ang
II levels for a few hours after dose intake;
similarly, the usual daily dose of an ATIR
antagonist does not block AT1Rs over a 24-
hour period.”®”? The escape observed with
single-site RAS blockers is caused by the pro-
gressive clearance from the body of the drug
at the end of the dosing interval in conjunc-
tion with the counter-regulatory reactive in-
crease in plasma active renin, which in-
creases Ang I, the ACE substrate, or Ang II,
the ATI1R agonist, proportionally to the sup-
pression of the Ang II negative feedback on
renin release.”® Low drug concentrations at
the end of the dosing interval and the
counter-regulatory increase in renin release
triggered by these drugs both could offset
pharmacologic inhibition of the RAS. Simi-
larly, the administration of a renin inhibitor
increases circulating and intrarenal enzyme
(renin) levels. However, given its high affinity
for renin, its potency to inhibit renin (ICsy=

0.6 nmol/L), its very slow apparent dissocia-
tion rate, and its long pharmacokinetic half-
life, the renin inhibitor, aliskiren, should in-
hibit each new renin molecule released into
the bloodstream or kidney, making it less
sensitive than ACE inhibitors and AT1R antag-
onists to this counter-regulatory phenome-
non.

These phenomena can explain why, in the
presence of persistent plasma ACE inhibition,
an escape of the BP response to ACE inhibi-
tors occurs 24 to 48 hours after last drug
intake 8 with an even faster return of the
plasma Ang II level toward its initial level.”®
This counter-regulation contributes to the flat
dose-response curve of BP measured at
trough that has been reported for most RAS
blockers tested in hypertensive patients.8!:82
In addition to the escape of aldosterone,®? the
incomplete RAS blockade®* in many patients
with congestive heart failure contributes to
the deterioration of left ventricular function
and to a poor cardiac prognosis, associated
with a persistence of neurohormonal activa-
tion despite maximally recommended doses
of ACE inhibitors.®>

Finally, this phenomenon also may explain
why many patients with chronic diabetic or
nondiabetic nephropathy do not reach BP tar-
gets and have persistently increased protein-
uria, despite treatment with several antihyper-
tensive agents, including recommended doses
of ACE inhibitors or AT1R antagonists. Apart
from age, individual susceptibility, genetic fac-
tors, implication of multiple biological patho-
genic factors, and the lag time between protein-
uria appearance and treatment initiation, the
insufficient response may be explained by
incomplete RAS blockade,® especially if intra-
renal RAS is regulated independently of circulat-
ing RAS.8-° The huge amount of renin synthe-
sized and released locally, the limited amount of
renal endothelial ACE,”! the compartmentaliza-
tion of Ang II in interstitial and tubular fluids,”?
the intrarenal consumption of angiotensino-
gen,®” and the uptake of Ang II by the renal
AT1Rs?? influences the intrarenal levels of Ang I
and Ang II, which differ from their plasma lev-
els.
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AVAILABLE THERAPEUTIC STRATEGIES
TO OPTIMIZE RAS BLOCKADE: DUAL RAS
BLOCKADE WITH ACE INHIBITORS AND
ATTR ANTAGONISTS VERSUS ULTRAHIGH
DOSES OF SINGLE-SITE RAS BLOCKERS

All the results from experimental models of
renal insufficiency,”* myocardial infarction,”
and atherosclerosis,”®-8 and those from ran-
domized controlled clinical trials, have shown
convincingly that the higher the doses of ACE
inhibitor!®73%? and ATI1R antagonist,””>'%° the
greater the effect on target organ damage.

Numerous experimental and clinical studies
have suggested that a combination of currently
available ACE inhibitors and AT1R antagonists
has additive or synergistic effects on BP and on
the prevention of cardiovascular and renal le-
sions,72101 with the combination of 2 RAS
blockers maximizing the cardioprotection'®!
and nephroprotection’? afforded by even high
doses of single-site RAS blockers. This may be
because AT1R antagonists inhibit the effects of
non-ACE-dependent Ang II production or be-
cause ACE inhibition has an impact on BK-NO
or AcSDKP-related effects. However, the syner-
gistic/additive effects of low doses of 2 different
RAS inhibitors probably are explained better by
inhibition of the biological effects of the reac-
tive renin release triggered by single-site RAS
inhibition. One problem with these studies in-
volves the issue of dose. The question of dose
selection and dosing interval is critical for all
RAS inhibitors and substantially may influence
their effects on BP and target organ protection.
The additive or synergistic effects of such com-
binations are most evident at low doses (which
are the usual doses) than at high doses.!??

An alternative strategy to overcome the ef-
fects of the counter-regulatory renin release is
to use single-site RAS inhibitors at doses much
higher than usual and/or by fractionating the
daily doses over 24 hours.!9%1%4 The dose range
for ACE inhibitors is limited because of their
adverse effects, but this does not apply to AT1R
antagonists. They are well tolerated and can be
used in doses far greater than those used for BP
control. The short-term administration of ultra-
high doses of an AT1R antagonist to patients
with type 2 diabetes and persistent microalbu-
minuria'® or to patients with chronic nephrop-

athy and persistent proteinuria'®® was accom-
panied by a further reduction in urine albumin
excretion/proteinuria with no additional BP
reduction. Although these studies emphasized
the use of high doses of single-site RAS block-
ers, we still need more long-term and safety
data, even though there was no safety issues
in these 2 short-term studies performed in se-
lected patients.

How can we choose between these 2 avail-
able strategies? Pharmacologically, a combina-
tion of an ACE inhibitor with an AT1R antago-
nist provides a more effective RAS blockade
than each drug alone, and to achieve the same
inhibition, much higher doses of AT1R antag-
onists than those presently prescribed, or a
twice-daily prescription, would be neces-
sary.103194 Combined RAS inhibition therefore
makes it possible to use lower doses of each
component to achieve a more effective and
long-lasting RAS inhibition, and preserves the
effects of ACE inhibitors on the BK-NO path-
way (Table 1). Combined RAS inhibition also
may recruit more responders to this therapeutic
strategy owing to pharmacokinetic or pharma-
codynamic reasons.'®”19% On the other hand,
combinations including an ACE inhibitor will
be subject to the specific side effects of ACE
inhibition (cough, angioneurotic edema),
which will not be the case when using ultra-
high doses of an AT1R antagonist.

In terms of safety, both strategies (dual block-
ade or ultrahigh doses) share the same potential
hazards of complete RAS inhibition, especially in
situations in which BP and renal function are
renin-dependent: elderly or salt-depleted patients,
patients receiving cyclo-oxygenase inhibitors,
patients with renal artery stenosis, and patients
placed under anesthesia. The risks of hyperka-
lemia and anemia also may be increased, espe-
cially in patients with renal insufficiency. A
more complete and rigorous assessment of
these risks is needed. This will require studies
of large numbers of diverse patients with hy-
pertension, renal insufficiency, or congestive
heart failure.

Finally, another potential pharmacologic ap-
proach to reinforce RAS blockade is to combine
a renin inhibitor with an AT1R antagonist (Ta-
ble 1).19 Indeed, in sodium-depleted normoten-
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sive subjects, the increase in the plasma con-
centration of immunoreactive active renin
caused by the interruption of the Ang II-renin
feedback by a single oral dose of an AT1R an-
tagonist, valsartan, was enhanced synergistically
by the concomitant inhibition of renin activity by
the co-administration of aliskiren, which also neu-
tralized the valsartan-induced increase in plasma
Ang II concentration.®>1% This proof-of-concept
study subsequently has been confirmed by inves-
tigations of a BP decreasing effect of combined
RAS blockade in experimental and clinical hyper-
tension studies. In telemetered spontaneously
hypertensive rats, the decrease in BP after treat-
ment with a submaximal dose of benazeprilate
(3 mg/kg/d) or valsartan (3 mg/kg/d) was more
pronounced when aliskiren (30 mg/kg/d) was
co-administered by osmotic minipumps.''? In a
factorial design study including 1,123 patients
with mild to moderate hypertension, an 8-week
treatment with a combination of 75 mg
aliskiren and 80 mg valsartan induced a de-
crease in BP similar to that achieved with doses
4 times higher than each monotherapy
(aliskiren 300 mg or valsartan 320 mg), even
though the BP effects of 75 mg aliskiren or 80
mg valsartan alone were not significantly
greater than placebo.!'! In another double-
blind study including 1,797 patients with hy-
pertension, the combination of maximum rec-
ommended doses of aliskiren (300 mg/d) and
valsartan (320 mg/d) provided significantly
greater reductions in BP than each component
monotherapy.!'? In terms of safety, the propor-
tion of patients with a transient increase of
serum potassium above 5.5 mmol/L was higher
in the combination group (4%) than in the
aliskiren (2%) and valsartan monotherapy
groups (2%) or in the placebo group (3%).
These approaches need additional evaluation.

CONCLUSIONS

Over the past 2 or 3 decades, studies of RAS
blockade have addressed the question of whether
such blockades reduce morbidity and/or mortal-
ity in various patient populations. We now need
to determine how to optimize RAS blockade.
The use of ACE inhibitor/AT1R antagonist com-
binations,! or of ultrahigh doses of AT1R antag-
onists, %1% has been proposed as a means of

maximizing the cardiovascular and renal bene-
fits of RAS blockade. These approaches still are
under investigation. The largest study to date
with a combined RAS blockade, The Ongoing
Telmisartan Alone and in Combination With
Ramipril Global Endpoint Trial (ONTARGET), is
ongoing.!!3 It explores the risk/benefit ratio of
a more intense RAS blockade obtained by com-
bining 10 mg ramipril with 80 mg telmisartan,
compared with 10 mg ramipril once daily, a
treatment that prevented cardiovascular events
in the high cardiovascular risk patients of the
Heart Outcomes Prevention Evaluation (HOPE)
study.!® If the combination of 80 mg telmisartan
and 10 mg ramipril has a superior protective
cardiovascular effect than 10 mg ramipril alone
in these patients, this will confirm that as com-
plete as possible RAS blockade is the preferred
option for maximal protection, irrespective of
the mechanism (tissular or hemodynamic).
Therefore, this combination may become the
gold standard to provide optimal cardiovascular
prevention in high-risk normotensive and hy-
pertensive individuals. Such a result will greatly
impact the future use of RAS blockers, ACE
inhibitors, AT1R antagonists, and the new class
of renin inhibitors.3¢
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