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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.
Semin Nephrol 27:544-554 © 2007 Elsevier Inc. All rights reserved.
Keywords: Combination therapy, renin, RAS blockade
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lockade of the renin-angiotensin system
(RAS) with angiotensin I– converting
enzyme (ACE) inhibitors, AT1 receptor

AT1R) blockers, or a combination of these
rugs1 has become one of the most successful
herapeutic approaches in medicine. There is
onsiderable evidence to show that this treat-
ent reduces blood pressure (BP),2 left ventric-

lar mass,3 and proteinuria.4 RAS blockade de-
reases cardiovascular morbidity and mortality
n patients with chronic heart failure,5–7 or left
entricular systolic dysfunction,8 and in pa-
ients after myocardial infarction.9,10 RAS block-
rs retard the progression of renal insufficiency
n type 1 (ACE inhibitors11) and type 2 (AT1R
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ntagonists12,13) diabetes mellitus and nondia-
etic chronic renal disease.14–17 Finally, an ACE

nhibitor administered in the evening reduces
he rate of death, cardiac events, and stroke in
atients with a high cardiovascular risk at base-

ine.18 A beneficial effect of ACE inhibition in
he prevention of cardiovascular diseases, even
n the absence of high BP, also was reported in
he European Trial on Reduction of Cardiac
vents with Perindopril in Stable Coronary Ar-
ery Disease (EUROPA) trial,19 and in a meta-
nalysis,20 including the Prevention of Events
ith Angiotensin-Converting Enzyme Inhibi-

ion (PEACE) trial.21

VERVIEW OF THE RAS

he RAS is a coordinated hormonal cascade
hat regulates fluid and electrolyte balance
nd arterial pressure, and it plays a major role
n cardiovascular, renal, and adrenal function
for review see Carey and Siragy22 and Paul et
l23). In the classic view of the RAS, angioten-

in (Ang) II, the biologically active octapeptide,

ephrology, Vol 27, No 5, September 2007, pp 544-554
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Combining blockers of the RAS 545
s generated by a 2-step enzymatic process in
hich its precursor, the inactive decapeptide Ang

, is cleaved from angiotensinogen by renin, a
lycosylated aspartyl protease secreted by the re-
al juxtaglomerular granular epithelioid cells. The
econd step of Ang II synthesis is the removal of
he C-terminal dipeptide of Ang I by ACE, a zinc
ipeptidyl carboxypeptidase with 2 catalytic
ites.24 ACE has multiple substrates both in vitro
nd in vivo.24 For instance, in vivo it cleaves and
hus inactivates bradykinin (BK), a vasodilator and
atriuretic peptide,24 substance P,24 and also N-
cetyl-Ser-Asp-Lys-Pro (AcSDKP), a hemoregula-
ory peptide.25 Therefore, ACE generates a potent
asoconstrictor and antinatriuretic peptide, Ang
I, while simultaneously degrading a potent vaso-
ilator and natriuretic peptide, BK. Ang II binds to

ts receptors to activate intracellular signals, and it
lso very rapidly is cleaved by other enzymes,
uch as angiotensinases. into other shorter angio-
ensin-related peptides (Ang III, Ang [1-7], and
ng [3-8]).22 The biological functions of Ang III
re well known. Although Ang (1-7) and Ang (3-8)
re biologically active, their functions in vivo have
ot been elucidated fully. The majority of the
ffects of Ang II—vascular smooth muscle cell
ontraction and pressor response, aldosterone se-
retion, inhibition of renin release (negative feed-
ack loop), renal sodium reabsorption, vasopres-
in secretion, dipsogenic responses, generation of
rowth-promoting cytokines, free oxygen radi-
als, and fibrosis mediators in tissues—are medi-
ted by the AT1 receptor.22 Ang II also binds the
ng II type 2 receptor, whose functions remain
ontroversial.26

This view of the RAS has been expanded by
dditional findings. First, besides the circulating
AS, numerous studies have proven the impor-

ance of a local tissue RAS in the kidney, brain,
eart, blood vessels, and adrenal glands in medi-
ting diverse physiologic functions.23 Second, al-
ernative non–ACE-dependent pathways of Ang II
eneration, such as chymase27 and chymotrypsin-
ike angiotensin-generating enzyme,28 and new
nzymes such as the zinc metallo-carboxypepti-
ase ACE2, have been described.29,30 ACE2 hy-
rolyzes Ang I to Ang (1-9), Ang II to Ang (1-7),
nd BK to des-Arg9-BK and other substrates in
itro, but its functions in vivo remain to be

lucidated.29,30 ACE2 counterbalances the func- a
ions of ACE and the balance between these 2
roteases may determine local and systemic

evels of RAS peptides such as Ang II and Ang
1-7).30 Third, besides the AT1 and AT2 recep-
ors, other receptors (AT4) and other signaling
athways have been characterized.31 Finally,
he discovery of the prorenin/renin receptor
as given renin and prorenin a direct biological
ole in stimulating intracellular pathways inde-
endently of Ang II.32,33

ECHANISM OF ACTION
F SINGLE-SITE RAS BLOCKERS

CE Inhibitors and AT1R Antagonists

everal mechanisms contribute to the beneficial
ffects of RAS blockers in cardiovascular and
enal therapy: the hemodynamic consequences
f Ang II neutralization34 and the suppression of
he Ang II–dependent generation of growth-
romoting cytokines, free oxygen radicals, and
brosis mediators in tissues35 However, the var-

ous methods used to inhibit the RAS differ in
erms of their biochemical effects (Table 1).36

lthough single-site RAS inhibitors allow mainly
or inhibition of both the circulating and tissue
AS, depending on their primary target and the
istribution of the drug, alternative mecha-
isms may be involved in their overall pharma-
odynamic effect. AT1R antagonists block the
ffects of Ang II generated by pathways other
han ACE, such as chymotrypsin-like angioten-
in-generating enzyme28 or chymase.27 In some
rgans, such as the kidneys,37 heart,27 and
lood vessels,38,39 Ang II continues to be pro-
uced in patients treated with ACE inhibitors.
on-ACE pathways may be activated in some
athologic situations. ACE inhibitors induce the
ccumulation of vasodilator and natriuretic pep-
ides, such as BK and Ang (1-7),40 and of the
ematologic peptide AcSDKP.25 ACE inhibitors
ecrease BK degradation, thereby activating the
2 receptor, leading to the release of nitric oxide
NO), prostacyclin, and other potent endothelial-
erived local vasodilator substances,41 which may

n turn increase their short-term hemodynamic
ffects. During chronic ACE inhibition, increases
n Ang (1-7) levels may enhance the vasodilator
ctivity of BK by stimulating NO release.40 AT1R

ntagonists stimulate potentially functional AT2
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546 M. Azizi and G. Wuerzner
eceptors, which then may trigger a vasodilator
nd natriuretic cascade involving BK, NO, and
yclic guanosine monophosphate,26 and other
ng II receptors, the functions of which remain
nclear. Little is known about the physiologic
onsequences of activating these receptors
ut if their activation should prove to
e deleterious, an issue that remains seriously
ebated,42,43 then renin inhibitors would have
linical advantages over alternative RAS inhib-
tors. During chronic ACE inhibition, in-
reases in AcSDKP levels may have beneficial
ardiac and renal effects. AcSDKP has been
hown to have an antiproliferative effect on
enal fibroblasts and human mesangial cells
n vitro,44,45 and on cardiac fibroblasts in vitro
nd in vivo.46 It also has an antifibrotic effect
n the heart and the kidney in different
xperimental models47,48 via inhibition of
mad2, the transforming growth factor � sig-
al transduction pathway, and thus inhibition
f expression of extracellular matrix pro-

Table 1. Biochemical Effects of RAS Blockers G
Single-Site RAS Blockad

ACE
Inhibitors

AT1R
Antagonists

Enzymes
Plasma renin activity Increased Increased In
Plasma renin

concentration
Increased Increased In

Plasma ACE Inhibited Not inhibited N
Tissue ACE Inhibited Not inhibited N

Substrate concentrations
Angiotensinogen Decreased Decreased N
Ang I Increased Increased D

BK Increased No change N
AcSDKP Increased No change N

Receptors
AT1 receptors Not stimulated Blocked N

AT2 receptors Not stimulated Stimulated N
BK (B2) receptors Stimulated Stimulated N

End-products
Ang II Decreased Increased D

Non–ACE-dependent
Ang II

Present Blocked N

Angiotensin-related
peptides

Decreased Increased D

Aldosterone Decreased Decreased D
eins.49 –51 Finally, AcSDKP has been shown to s
ave a direct nephroprotective effect in dia-
etic db/db mice52 and in rats with anti–
lomerular basement membrane nephritis.53

locking the RAS at its
nitial Step: Renin Inhibition

enin long has been recognized as the pre-
erred, logical target for RAS blockade because
t corresponds to the first, highly regulated and
ate-limiting step of the system. Renin also
as a remarkably high specificity for only one
nown substrate, angiotensinogen contrary
o ACE. The clinical development of the first
ransition-state synthetic analogs capable of
nhibiting renin has faced a number of tech-
ical problems. The oral administration of
hese renin inhibitors in human beings—
GP32860A,54 remikiren,55,56 and zankiren57—
id not meet all the necessary criteria (specific-

ty, potency, pharmacokinetic profile, and
evelopment costs) for these drugs to be con-

Alone or in Combination
Dual RAS Blockade

n
ors

ACE
Inhibitors �

AT1R
Antagonists

Renin
Inhibitors �

AT1R
Antagonists

Renin
Inhibitors �

ACE
Inhibitors

Additive effect Inhibited Inhibited
Additive effect Additive effect Additive effect

ited Inhibited Not inhibited Inhibited
ited Inhibited Not inhibited Inhibited

e Additive effect No change No change
d Additive effect Decreased or

normal
Decreased or

normal
e Increased No change Increased
e Increased No change Increased

lated Not stimulated
and blocked

Not stimulated
and blocked

Not stimulated

lated Minor stimulation Not stimulated Additive effect
lated Additive effect Not stimulated Stimulated

d Decreased or
normal

Decreased or
normal

Additive effect

lated Blocked Blocked Inhibited

d Decreased or
normal

Decreased or
normal

Additive effect

d No major additive
effect

Additive effect Additive effect
iven
e

Reni
Inhibit

hibited
creased

ot inhib
ot inhib

o chang
ecrease

o chang
o chang

ot stimu

ot stimu
ot stimu

ecrease

ot stimu

ecrease

ecrease
idered clinically useful. Molecular modeling
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Combining blockers of the RAS 547
nd determination of the structure of the active
ite of renin have led to the identification of
ew renin inhibitors.58 The first representative
f this class of nonpeptide drugs is aliskiren, a
otent hydrophilic transition-state mimetic al-
ane carboxamide renin inhibitor with a very
igh binding affinity for renin, resulting in se-

ectivity for this enzyme over other aspartyl
roteases.59,60 It is a potent competitive renin

nhibitor (IC50: 0.6 nmol/L) that binds strongly
o renin and is highly specific for human and
rimate renin, and is less active against renin

rom dog, rat, rabbit, pig, and cat.60 This com-
ound is available in an orally active form and,
ccording to preclinical and clinical investiga-
ions, may be valuable for patients with cardio-
ascular and renal disorders.

As with ACE inhibitors and AT1R antago-
ists, the administration of a renin inhibitor

ncreases circulating and intrarenal enzyme
renin) levels by interrupting the Ang II–renin
egative feedback loop. However, with a re-
in inhibitor, the catalytic activity of the re-
in molecules newly released from the kidney

s inhibited completely throughout the day,
esulting in very low circulating levels of Ang
, Ang II, and other Ang I– derived peptides,
hereby rendering the RAS quiescent. In con-
rast, the renin molecules newly released
rom the kidney remain enzymatically active
fter administration of an AT1R antagonist or
n ACE inhibitor, resulting in high circulating
evels of Ang I, with variable levels of Ang II
epending on the drug used. This counter-
egulatory renin release could offset the phar-
acologic inhibition of the RAS at the end of

ach dosing interval, when the amount of
ompetitive inhibitor or antagonist on the
nzyme (ACE) or receptor (AT1R) is decreas-
ng.1

Renin inhibitors also may provide additional
rotection over other RAS inhibitors by inter-

ering with the enhanced catalytic activity of
enin and prorenin after the binding of these
olecules to the (pro)renin receptor or by in-

erfering with the binding of these molecules
o their receptor. If renin inhibitors not only
lock the enzymatic activity of renin in vivo but
lso change the conformation of prorenin,61,62
hen they also may modify renin metabolism63 t
nd binding to various receptors, including
he mannose 6–phosphate/insulin-like growth
actor 2 receptor64,65 or the renin receptor.33

hese putative effects of renin inhibitors poten-
ially may be useful in patients with diabetes
ellitus in whom prorenin levels are increased

nd are a powerful predictor of microvascular
omplications,66 or if prorenin has a direct
oxic effect.67

Some of the properties of renin inhibitors
ay have important clinical implications. Renin

nhibitors induce a stronger renal vasodilator
esponse than ACE inhibitors in sodium-re-
tricted healthy subjects.68 In circumstances in
hich Ang II generation within the kidney is

ctivated by pathways dependent on or inde-
endent of ACE, as in patients with diabetic
ephropathy,69 or in African American hyper-
ensive patients on a high-salt diet,70 we would
xpect to see specific renal benefits of renin
nhibition in renal tissue71 after the administra-
ion of an orally active renin inhibitor.

Taking into account the very different angio-
ensin profiles achieved with the various single-
ite RAS blockers, the similarity of acute and
ong-term BP reductions achieved with certain
oses of aliskiren and AT1R antagonists in
ifferent clinical settings should improve our
nderstanding of the potential role of increased
ng (1-7) and BK-cyclic guanosine monophos-
hate-NO–mediated Ang II type 2 receptor
timulation on the hemodynamic effects of
T1R antagonists and ACE inhibitors.

HE NECESSITY OF
PTIMIZING THE RAS BLOCKADE

e have entered a new era in which the
uestion is no longer whether RAS inhibition
elps, but rather how we can optimize inhi-
ition to achieve optimal cardiovascular and
enal protection. The usual once-daily doses
f ACE inhibitors and AT1R antagonists ini-
ially were selected on the basis of hyperten-
ion trial results, but the dose-response curve
or decreasing proteinuria and retarding pro-
ression of renal failure,12,72 for retarding vas-
ular lesions,18 and for preventing cardiovas-
ular death in patients with chronic heart
ailure73 may not be the same as for BP reduc-

ion. For instance, in type 2 diabetic patients
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548 M. Azizi and G. Wuerzner
ith microalbuminuria or macroalbuminuria,
1.25-mg daily dose of ramipril was not ef-

ective to decrease cardiovascular risk in the
oninsulin-dependent Diabetes, Hyperten-

ion, Microalbuminuria, Proteinuria, Cardio-
ascular Events, and Ramipril (DIABHYCAR)
tudy,74 whereas a 10-mg dose reduced car-
iovascular mortality and morbidity in the
icroalbuminuria, Cardiovascular, and Renal
utcomes HOPE (MICROHOPE) substudy.75

n the Peridopril Protection Against Recur-
ent Stroke (PROGRESS) study,76 a 4-mg daily
ose of perindopril alone was not effective to
revent cardiovascular events in patients
ith a previous stroke, whereas an 8-mg daily
ose of the same ACE inhibitor was effective

n patients with coronary heart disease.19 In
ypertensive patients with type 2 diabetes
nd microalbuminuria, the highest dose of
rbesartan (300 mg/d) was effective to reduce
rine albumin excretion and the incidence of
vert nephropathy, whereas the low dose of
50 mg of irbesartan was not.77

Numerous data have shown that the RAS is
ot blocked fully over 24 hours with current
oses of RAS blockers, and that this absence
f full blockade may have clinical implica-
ions. An ACE inhibitor administered at the
sual daily dose only suppresses plasma Ang
I levels for a few hours after dose intake;
imilarly, the usual daily dose of an AT1R
ntagonist does not block AT1Rs over a 24-
our period.78,79 The escape observed with
ingle-site RAS blockers is caused by the pro-
ressive clearance from the body of the drug
t the end of the dosing interval in conjunc-
ion with the counter-regulatory reactive in-
rease in plasma active renin, which in-
reases Ang I, the ACE substrate, or Ang II,
he AT1R agonist, proportionally to the sup-
ression of the Ang II negative feedback on
enin release.78 Low drug concentrations at
he end of the dosing interval and the
ounter-regulatory increase in renin release
riggered by these drugs both could offset
harmacologic inhibition of the RAS. Simi-

arly, the administration of a renin inhibitor
ncreases circulating and intrarenal enzyme
renin) levels. However, given its high affinity

or renin, its potency to inhibit renin (IC50� e
.6 nmol/L), its very slow apparent dissocia-
ion rate, and its long pharmacokinetic half-
ife, the renin inhibitor, aliskiren, should in-
ibit each new renin molecule released into
he bloodstream or kidney, making it less
ensitive than ACE inhibitors and AT1R antag-
nists to this counter-regulatory phenome-
on.
These phenomena can explain why, in the

resence of persistent plasma ACE inhibition,
n escape of the BP response to ACE inhibi-
ors occurs 24 to 48 hours after last drug
ntake,80 with an even faster return of the
lasma Ang II level toward its initial level.78

his counter-regulation contributes to the flat
ose-response curve of BP measured at
rough that has been reported for most RAS
lockers tested in hypertensive patients.81,82

n addition to the escape of aldosterone,83 the
ncomplete RAS blockade84 in many patients

ith congestive heart failure contributes to
he deterioration of left ventricular function
nd to a poor cardiac prognosis, associated
ith a persistence of neurohormonal activa-

ion despite maximally recommended doses
f ACE inhibitors.85

Finally, this phenomenon also may explain
hy many patients with chronic diabetic or
ondiabetic nephropathy do not reach BP tar-
ets and have persistently increased protein-
ria, despite treatment with several antihyper-
ensive agents, including recommended doses
f ACE inhibitors or AT1R antagonists. Apart
rom age, individual susceptibility, genetic fac-
ors, implication of multiple biological patho-
enic factors, and the lag time between protein-
ria appearance and treatment initiation, the

nsufficient response may be explained by
ncomplete RAS blockade,86 especially if intra-
enal RAS is regulated independently of circulat-
ng RAS.87–90 The huge amount of renin synthe-
ized and released locally, the limited amount of
enal endothelial ACE,91 the compartmentaliza-
ion of Ang II in interstitial and tubular fluids,92

he intrarenal consumption of angiotensino-
en,87 and the uptake of Ang II by the renal
T1Rs93 influences the intrarenal levels of Ang I
nd Ang II, which differ from their plasma lev-

ls.



A
T
B
A
D

A
r
a
d
c
i
g

h
a
h
t
s
b
a
d
b
n
c
o
g
R
i
t
i
v
s
R
t
T
b
a

f
t
h
d
f
a
a
u
c
h
w
m

a
p
e
r
t
e
d
i
l

a
t
n
t
i
o
t
s
m
c
l
e
w
m
s
c
c
b
i
w
h

a
h
s
r
p
p
p
l
c
m
t
o
p
h

p
a

Combining blockers of the RAS 549
VAILABLE THERAPEUTIC STRATEGIES
O OPTIMIZE RAS BLOCKADE: DUAL RAS
LOCKADE WITH ACE INHIBITORS AND
T1R ANTAGONISTS VERSUS ULTRAHIGH
OSES OF SINGLE-SITE RAS BLOCKERS

ll the results from experimental models of
enal insufficiency,94 myocardial infarction,95

nd atherosclerosis,96–98 and those from ran-
omized controlled clinical trials, have shown
onvincingly that the higher the doses of ACE
nhibitor18,73,99 and AT1R antagonist,77,100 the
reater the effect on target organ damage.

Numerous experimental and clinical studies
ave suggested that a combination of currently
vailable ACE inhibitors and AT1R antagonists
as additive or synergistic effects on BP and on
he prevention of cardiovascular and renal le-
ions,1,72,101 with the combination of 2 RAS
lockers maximizing the cardioprotection101

nd nephroprotection72 afforded by even high
oses of single-site RAS blockers. This may be
ecause AT1R antagonists inhibit the effects of
on–ACE-dependent Ang II production or be-
ause ACE inhibition has an impact on BK–NO
r AcSDKP-related effects. However, the syner-
istic/additive effects of low doses of 2 different
AS inhibitors probably are explained better by

nhibition of the biological effects of the reac-
ive renin release triggered by single-site RAS
nhibition. One problem with these studies in-
olves the issue of dose. The question of dose
election and dosing interval is critical for all
AS inhibitors and substantially may influence

heir effects on BP and target organ protection.
he additive or synergistic effects of such com-
inations are most evident at low doses (which
re the usual doses) than at high doses.102

An alternative strategy to overcome the ef-
ects of the counter-regulatory renin release is
o use single-site RAS inhibitors at doses much
igher than usual and/or by fractionating the
aily doses over 24 hours.103,104 The dose range
or ACE inhibitors is limited because of their
dverse effects, but this does not apply to AT1R
ntagonists. They are well tolerated and can be
sed in doses far greater than those used for BP
ontrol. The short-term administration of ultra-
igh doses of an AT1R antagonist to patients
ith type 2 diabetes and persistent microalbu-

inuria105 or to patients with chronic nephrop- b
thy and persistent proteinuria106 was accom-
anied by a further reduction in urine albumin
xcretion/proteinuria with no additional BP
eduction. Although these studies emphasized
he use of high doses of single-site RAS block-
rs, we still need more long-term and safety
ata, even though there was no safety issues

n these 2 short-term studies performed in se-
ected patients.

How can we choose between these 2 avail-
ble strategies? Pharmacologically, a combina-
ion of an ACE inhibitor with an AT1R antago-
ist provides a more effective RAS blockade
han each drug alone, and to achieve the same
nhibition, much higher doses of AT1R antag-
nists than those presently prescribed, or a
wice-daily prescription, would be neces-
ary.103,104 Combined RAS inhibition therefore
akes it possible to use lower doses of each

omponent to achieve a more effective and
ong-lasting RAS inhibition, and preserves the
ffects of ACE inhibitors on the BK–NO path-
ay (Table 1). Combined RAS inhibition also
ay recruit more responders to this therapeutic

trategy owing to pharmacokinetic or pharma-
odynamic reasons.107,108 On the other hand,
ombinations including an ACE inhibitor will
e subject to the specific side effects of ACE

nhibition (cough, angioneurotic edema),
hich will not be the case when using ultra-
igh doses of an AT1R antagonist.
In terms of safety, both strategies (dual block-

de or ultrahigh doses) share the same potential
azards of complete RAS inhibition, especially in
ituations in which BP and renal function are
enin-dependent: elderly or salt-depleted patients,
atients receiving cyclo-oxygenase inhibitors,
atients with renal artery stenosis, and patients
laced under anesthesia. The risks of hyperka-

emia and anemia also may be increased, espe-
ially in patients with renal insufficiency. A
ore complete and rigorous assessment of

hese risks is needed. This will require studies
f large numbers of diverse patients with hy-
ertension, renal insufficiency, or congestive
eart failure.
Finally, another potential pharmacologic ap-

roach to reinforce RAS blockade is to combine
renin inhibitor with an AT1R antagonist (Ta-

le 1).109 Indeed, in sodium-depleted normoten-
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550 M. Azizi and G. Wuerzner
ive subjects, the increase in the plasma con-
entration of immunoreactive active renin
aused by the interruption of the Ang II–renin
eedback by a single oral dose of an AT1R an-
agonist, valsartan, was enhanced synergistically
y the concomitant inhibition of renin activity by
he co-administration of aliskiren, which also neu-
ralized the valsartan-induced increase in plasma
ng II concentration.60,109 This proof-of-concept
tudy subsequently has been confirmed by inves-
igations of a BP decreasing effect of combined
AS blockade in experimental and clinical hyper-

ension studies. In telemetered spontaneously
ypertensive rats, the decrease in BP after treat-
ent with a submaximal dose of benazeprilate

3 mg/kg/d) or valsartan (3 mg/kg/d) was more
ronounced when aliskiren (30 mg/kg/d) was
o-administered by osmotic minipumps.110 In a
actorial design study including 1,123 patients
ith mild to moderate hypertension, an 8-week

reatment with a combination of 75 mg
liskiren and 80 mg valsartan induced a de-
rease in BP similar to that achieved with doses

times higher than each monotherapy
aliskiren 300 mg or valsartan 320 mg), even
hough the BP effects of 75 mg aliskiren or 80
g valsartan alone were not significantly

reater than placebo.111 In another double-
lind study including 1,797 patients with hy-
ertension, the combination of maximum rec-
mmended doses of aliskiren (300 mg/d) and
alsartan (320 mg/d) provided significantly
reater reductions in BP than each component
onotherapy.112 In terms of safety, the propor-

ion of patients with a transient increase of
erum potassium above 5.5 mmol/L was higher
n the combination group (4%) than in the
liskiren (2%) and valsartan monotherapy
roups (2%) or in the placebo group (3%).
hese approaches need additional evaluation.

ONCLUSIONS

ver the past 2 or 3 decades, studies of RAS
lockade have addressed the question of whether
uch blockades reduce morbidity and/or mortal-
ty in various patient populations. We now need
o determine how to optimize RAS blockade.
he use of ACE inhibitor/AT1R antagonist com-
inations,1 or of ultrahigh doses of AT1R antag-

nists,105,106 has been proposed as a means of
aximizing the cardiovascular and renal bene-
ts of RAS blockade. These approaches still are
nder investigation. The largest study to date
ith a combined RAS blockade, The Ongoing
elmisartan Alone and in Combination With
amipril Global Endpoint Trial (ONTARGET), is
ngoing.113 It explores the risk/benefit ratio of
more intense RAS blockade obtained by com-
ining 10 mg ramipril with 80 mg telmisartan,
ompared with 10 mg ramipril once daily, a
reatment that prevented cardiovascular events
n the high cardiovascular risk patients of the
eart Outcomes Prevention Evaluation (HOPE)

tudy.18 If the combination of 80 mg telmisartan
nd 10 mg ramipril has a superior protective
ardiovascular effect than 10 mg ramipril alone
n these patients, this will confirm that as com-
lete as possible RAS blockade is the preferred
ption for maximal protection, irrespective of
he mechanism (tissular or hemodynamic).
herefore, this combination may become the
old standard to provide optimal cardiovascular
revention in high-risk normotensive and hy-
ertensive individuals. Such a result will greatly

mpact the future use of RAS blockers, ACE
nhibitors, AT1R antagonists, and the new class
f renin inhibitors.36
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