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Clinical trials have proved that blockade of the
renin-angiotensin-aldosterone system (RAAS) offers
primary and secondary protection of the cardiovas-
cular system, brain, and kidneys. Drugs that inter-
rupt the RAAS do so by several diverse mechanisms
but it remains to be fully proved whether these
mechanistic differences are associated with mean-
ingful differences in clinical outcomes. This review
summarizes current information about the basic
mechanisms of action of three classes of anti-RAAS
drugs: angiotensin-converting enzyme (ACE) in-
hibitors, combined ACE-neutral endopeptidase in-
hibitors, and angiotensin receptor antagonists as
well as results of major clinical outcome trials with
these agents. Basic and clinical science information
is then blended with insights from the clinical phar-
macology of anti-RAAS drugs to address four cur-
rent controversies in clinical medicine: whether
ACE inhibitors and angiotensin receptor antago-
nists are interchangeable, optimal dosing of avail-
able agents, potential justification of ACE in-
hibitor/angiotensin receptor antagonist combina-
tions, and first-line use of anti-RAAS drugs in anti-
hypertensive therapy. (J Clin Hypertens. 2002;4(6
suppl 2):11–19, 31) ©2002 Le Jacq Communications, Inc.

Our appreciation of the value of drugs that 
block the renin-angiotensin-aldosterone sys-

tem (RAAS) has increased steadily over the past
two decades so that today, many physicians rou-
tinely identify angiotensin-converting enzyme
(ACE) inhibitors as preferred first-line antihyper-
tensive agents.1 It is also recognized that anti-
RAAS drugs are especially valuable in high-risk hy-
pertensive patients, a realization that provided the
impetus for the Joint National Committee on
the Prevention, Detection, Evaluation, and Treat-
ment of High Blood Pressure (JNC) in 1997 to rec-
ognize “compelling” clinical trial evidence that
ACE inhibitors exerted favorable effects on the
natural history of heart failure, myocardial infarc-
tion, and diabetic nephropathy.2

Amid the many successes, numerous controversies
and uncertainties have arisen regarding the exact
mechanisms by which anti-RAAS drugs work and in
practical matters of how best to use the various sub-
classes of RAAS blockers. New basic science discover-
ies about “tissue renin-angiotensin systems,” alternate
pathways of angiotensin metabolism, and angiotensin
receptor subtype interactions have not yet been
matched by appropriate human studies that fully
identify their potential clinical importance. Yet future
interpretation of clinical significance is likely to be-
come even more complicated because of ongoing in-
terest in the development of new compounds with ad-
ditional mechanisms of action, including ACE-neutral
endopeptidase (NEP) inhibitors.3 This review is in-
tended to provide interested practitioners with a foun-
dation for interpretation of basic and clinical issues
regarding anti-RAAS drugs.
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ACE INHIBITORS
Appreciation of the far-reaching effects of the RAAS
has arisen largely from discoveries that have occurred
since the release of ACE inhibitors over 20 years ago.
We now understand a great deal more about the
ubiquitous and pervasive nature of the RAAS in ex-
citable and secretory tissues and the wide variety of
biochemical and clinical consequences that arise from
blockade of ACE.4 These effects can be divided arbi-
trarily into biochemical-hormonal, hemodynamic,
and cellular-structural mechanisms. 

Biochemical-Hormonal Mechanisms
The fundamental mechanism of action of ACE in-
hibitors is simultaneous inhibition of the formation of
the pressor octapeptide angiotensin II (Ang II) and in-
hibition of the breakdown of the vasodilator peptide
bradykinin.5,6 Inhibition of ACE reduces the rate of
conversion of Ang I, an inactive decapeptide, into the
active octapeptide Ang II. Ang II is a formidable multi-
dimensional pressor hormone that defends or raises
blood pressure via several interacting mechanisms, vir-
tually all of which are diminished by ACE inhibition.
Direct arteriolar constriction is caused by Ang II type
1 (AT1)-receptor-mediated cytosolic calcium release
within vascular smooth muscle cells.7 Indirect arterio-
lar and venous constriction is the result of multi-level
stimulatory effects of Ang II on the sympathetic ner-
vous system and concomitant facilitation of release of
other vasoactive substances such as vasopressin and
endothelin. Extracellular fluid volume expansion re-
sults via aldosterone release.5,6 Recent suggestions that
other angiotensins—most notably Ang 1-7, which
may interact with the biologic effects of Ang II—can
affect blood pressure8 requires further confirmation. It
has been shown that blood pressure can be increased
equally by infusion of renin or Ang II.9

Additional antihypertensive actions of ACE in-
hibitors appear to depend partly on the potentia-
tion of bradykinin, nitric oxide stimulation, and
vasodilator prostaglandin release.5 Acute adminis-
tration of bradykinin inhibitors during ACE inhi-
bition tends to diminish the antihypertensive effect
of ACE inhibition.10,11 Recent opinion suggests
that bradykinin also exerts favorable effects on
cardiovascular structural remodeling, probably
through the stimulation of nitric oxide.11

Hemodynamic Effects
ACE inhibitors reduce cardiac preload and afterload
in a very balanced fashion.6 On the arterial side, re-
duction in Ang II allows arteriolar dilation and im-
proved arterial compliance, which reduces afterload.
On the venous side, bradykinin enhancement causes

active endothelially mediated venodilation,12 which
tends to reduce cardiac preload. The venodilatory ef-
fects of ACE inhibitors are quite apparent in dilated
cardiomyopathies, where therapy for excessive pre-
load improves the overall hemodynamic profile.13 The
importance of venomotor effects in sustaining inap-
propriately high cardiac preload in human hyperten-
sion, however, has been systematically overlooked,
largely because venomotor properties are not mea-
sured clinically. If hemodynamic studies are performed
in the sitting or upright position, where active veno-
constriction is necessary to maintain cardiac filling, the
abilities of nitrates and other venodilators such as
ACE inhibitors to reduce cardiac filling and cardiac
output become more apparent. Because of the bal-
anced reduction of preload and afterload by ACE in-
hibitors, and because of direct antisympathetic effects
within the central nervous system,5,6 ACE inhibition is
not accompanied by reflex tachycardia, another fea-
ture that protects against cardiac overload. 

Cellular and Structural Effects
It has been shown that blood pressure can be in-
creased equally by infusion of renin or Ang II.9 Most
excitable (nerve or muscle) and secretory (glandular)
cells produce most of the components of the RAAS in-
tracellularly.4 This “tissue renin-angiotensin system”
responds to hormonal and local environmental stimuli
and is believed to be important in the regulation of cell
structure and function. Much attention has been paid
in recent years to the question of how much the indi-
vidual contributions of circulating and “tissue” RAAS
determine a given biologic effect. But closer scrutiny
suggests that significant confounding occurs because
circulating components of the RAAS are quite avidly
taken up by blood vessels and other tissues.9,14 These
bidirectional movements of RAAS components across
cell membranes suggest that it may be clinically irrele-
vant to assign respective contributions of circulating
and tissue RAAS components to a given process. In-
stead, it may be more appropriate to view overall
RAAS activity as the sum of the circulating (hormon-
al) and “tissue” RAAS components and to focus on
inhibition of the entire system rather than to decide
which component predominates in a given situation. 

One of the breakthroughs in understanding the
RAAS came with the realization that Ang II modi-
fies both function and structure. In addition to its
short-term hormonal and vasoconstrictive effects,
Ang II also promotes pro-growth forces such as hy-
pertrophy and hyperplasia of vascular smooth
muscle.4,15 Current views hold that Ang II-induced
cell hypertrophy or hyperplasia are counterbalanced
by depressor-antigrowth effects of bradykinin and
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nitric oxide.16 These basic cellular changes also af-
fect the basic anatomic structure of the heart and
vasculature.4,15 More recently it has been found that
Ang II tends to favor the formation of superoxide
radicals, which are thought to be important media-
tors of tissue damage and atherosclerosis.17

Clinical Benefits
ACE inhibitors have a large number of major clinical
trials documenting their abilities to protect target or-
gans. All ACE inhibitors marketed in the United
States are indicated for the treatment of both systolic
and diastolic hypertension and most ACE inhibitors
(captopril, enalapril, lisinopril, ramipril, fosinopril,
trandolapril) have received indications for the treat-
ment of heart failure. Captopril has also been ap-
proved for secondary cardiovascular risk reduction in

individuals with prior myocardial infarction18 and
more recently ramipril has been approved for primary
and secondary cardiovascular protection in diabetics
and other individuals at high risk for coronary artery
disease (in the Heart Outcomes Prevention Evaluation
[HOPE]).19 In diabetic and nondiabetic renal diseases,
ACE inhibition markedly reduces albuminuria and
extends the time to dialysis or transplantation.20,21

Reports also indicate a benefit of ACE inhibitors
(with a diuretic) in the prevention of recurrent
stroke.22 In almost all of these trials, some confound-
ing of the benefit of ACE inhibitors is present because
multiple medications were used to achieve blood pres-
sure lowering.

A variety of other potential clinical benefits are doc-
umented in smaller studies. ACE inhibitors are more
effective than diuretics23 or β blockers24 in reducing
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Table. Evidence for Clinical Outcome Benefits by Specific Drug Classes in High-Risk Hypertension With Target
Organ Damage. Studies* Included Have Been Published Since the JNC VI Report in 1997

DRUG CLASS

DIURETIC β BLOCKER CALCIUM
ANTAGONIST

ACE
INHIBITOR

ARA

HIGH-RISK
COMORBID
CONDITION

• Systolic 
hypertension

JNC VI2

SHEP67

STOP-231

JNC VI2

STOP-231
Syst-Eur68

STOP-231
STOP-231

• Post myocardial 
infarction

JNC VI2 JNC VI2

• High CAD risk HOPE19

• Left ventricular 
hypertrophy

LIFE69

• Heart failure JNC VI2 MERIT70

COPERNICUS70
PRAISE (neutral
outcome)71

JNC VI2 ELITE I72,II44

Val-HeFT45

• Diabetes with 
proteinuria

UKPDS73 UKPDS73 UKPDS73

ABCD (negative 
CVD outcome)74

Lewis, et al.20

UKPDS73

JNC VI2

RENAAL47

IDNT48

IRMA233

LIFE46

• Nondiabetic 
renal failure

REIN75

AASK32

• Stroke/TIA SHEP67 SHEP67

(with diuretic)
Syst-Eur68 PROGRESS22

(with diuretic)
LIFE69

JNC=Joint National Committee; ACE=angiotensin-converting enzyme; ARA=angiotensin receptor antagonist;
SHEP=Systolic Hypertension in the Elderly; STOP-2=Swedish Trial in Old Patients with Hypertension; Syst-
Eur=Systolic Hypertension in Europe; CAD=coronary artery disease; MERIT=Metoprolol Controlled Release
Randomized Intervention; COPERNICUS=Carvedilol Prospective Randomized Cumulative Survival;
PRAISE=Prospective Randomized Amlodipine Survival Evaluation; UKPDS=United Kingdom Prospective Diabetes
Study; ABCD=Appropriate Blood Pressure Control in Diabetes; CVD=cardiovascular disease; REIN=Randomized
Efficacy in Nephropathy; PROGRESS=Perindopril Protection Against Recurrent Stroke Study; TIA=transient
ischemic attack; *most studies defined in text.



large arterial stiffness. They are more effective than β
blockers and at least as effective as diuretics in regress-
ing left ventricular hypertrophy.25 ACE inhibition im-
proves insulin sensitivity26 and forestalls the develop-
ment of overt clinical diabetes.19 There is a beneficial
effect of ACE inhibitors on endothelial dysfunction27

and remodeling of arteriolar smooth muscle hypertro-
phy in hypertension.28 ACE inhibitors have been
shown to increase plasminogen activator inhibitor-1.6
It has even been reported that ACE inhibitors reduce
the incidence of new cancers.29 Additional clinical tri-
als are being conducted to prove whether ACE in-
hibitors can achieve other important benefits such as
prevention of blindness or dementia.30 Whether these
theoretical benefits exceed those achieved by a diuretic
(with or without a β blocker) remains to be proven in
uncomplicated essential hypertension.

In more complicated cases of hypertension
(Table), the beneficial impact of ACE inhibition is
substantial. In diabetics, morbidity and mortality are
reduced to a greater degree when ACE inhibitors are
part of a treatment program but overall cardiovascu-
lar event rates appear to be reduced equally by a reg-
imen that includes a diuretic and β blocker. ACE in-
hibitor-based therapy has been found to be superior
to calcium antagonist-based therapy with respect to
coronary heart disease events, heart failure incidence,
and renal disease progression (Swedish Trial in Old
Patients with Hypertension [STOP-2],31 African
American Study of Kidney Disease and Hypertension
[AASK],32 and Irbesartan in Patients With Type 2
Diabetes and Microalbuminuria [IRMA].)33

Adverse Effects
ACE inhibitors are well tolerated and have been
shown to actually improve the quality of life in pa-
tients with hypertension.34 It is clinically important
to recognize that the adverse effects of ACE in-
hibitors are generally idiosyncratic and not dose-de-
pendent. The most common ACE inhibitor side ef-
fect, cough, occurs in 10%–20% of the treated pop-
ulation.35 It has been long speculated that the cough
is related to accumulation of bradykinin but recent
data point to a metabolic difference in susceptible in-
dividuals that leads to accumulation of an abnormal
bradykinin metabolite, des-Arg9-bradykinin.36 The
most serious potential adverse effect of ACE in-
hibitors is angioedema, which occurs in less than
about 1% of the population,37 but newer data sug-
gest that blacks are two to three times more suscepti-
ble than whites to ACE inhibitor-induced angioede-
ma (Omapatrilat Cardiovascular Treatment Assess-
ment vs. Enalapril [OCTAVE]).38 Nevertheless, any
potential racial differences in efficacy and safety are

relatively small when compared to the potential ben-
efits of ACE inhibition on blood pressure and target
organs and it would be inappropriate to conclude
that ACE inhibitor use in blacks should be curtailed
based on differences in tolerability. 

Hyperkalemia during ACE inhibition occurs as a
result of reduced aldosterone secretion in the setting of
reduced distal tubular sodium delivery. Serum potassi-
um values rarely reach critical ranges unless patients
also have advanced renal failure or practice marked
sodium restriction. In these cases, an increase in di-
etary salt along with increased diuretic therapy, espe-
cially with loop diuretic-thiazide combinations, is usu-
ally highly effective in controlling hyperkalemia.39

Clinically significant hypotension with ACE inhibitors
generally occurs only in individuals who are markedly
sodium-depleted (especially in those who have been
“over-diuresed”), patients with advanced heart failure,
or those taking multiple vasodilators. 

COMBINED ACE-NEP INHIBITORS
Recently, there has been a modification to the
ACE inhibitor class. By adding a side chain that si-
multaneously inhibits NEP (which is ordinarily re-
sponsible for the degradation of natriuretic pep-
tides or atriopeptins), a new potent antihyperten-
sive subclass, combined ACE-NEP inhibition, has
been formed. 

Physiologic Effects of Atriopeptins
Atriopeptins are potent endogenous vasodilators
whose actions are similar in many respects to
bradykinin; both hormones have short plasma half-
lives and stimulate the nitric oxide-cyclic guanosine
monophosphate vasodilator cascade in vascular
smooth muscle.40 There are three major atriopeptin
isoforms synthesized in the heart: atrial natriuretic
peptide (ANP), brain natriuretic peptide, and vascu-
lar natriuretic peptide. All are vasodilators that also
cause natriuresis. ANP and brain natriuretic peptide
inhibit a variety of vasoconstrictors such as endothe-
lin, cause inhibition of sympathetic nervous and
RAAS activity, and blunt cell proliferation and hy-
pertrophy. All three atriopeptins are degraded by
NEPs, which are ubiquitous peptide scavenger en-
zymes. At present, no orally active analogs of ANP
are available, so the clinical approach to enhancing
the biologic effects of ANP has been to administer
molecules that inhibit NEP. 

Pharmacodynamic Effects of ACE-NEP Inhibitors
ACE-NEP inhibitors, which suppress the formation of
Ang II and simultaneously inhibit breakdown of
bradykinin and natriuretic peptides, exert potent anti-
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hypertensive effects in animals with both “low-renin”
and “high-renin” forms of hypertension.41 Early ob-
servations suggesting, that combined ACE-NEP in-
hibitors are more potent antihypertensive drugs than
ACE inhibitors alone41 have been confirmed in the
large clinical trial OCTAVE.38 Why the ACE-NEP in-
hibitor combination is superior in potency to ACE in-
hibitors alone is an interesting phenomenon given that
“pure” NEP inhibitors cause no marked effects on
blood pressure, even in the setting of heart failure.42

Clinical Aspects
Large-scale trials with the first ACE-NEP inhibitor,
omapatrilat (OCTAVE)38 are now completed.
Omapatrilat was more effective in lowering systolic
and diastolic blood pressure than ACE inhibitors
but was no more effective in blacks than ACE in-
hibitors. In OCTAVE, omapatrilat use was associ-
ated with a significantly higher overall incidence of
nonfatal angioedema compared to enalapril (2.2%
vs. 0.7%), a problem that was amplified in African
Americans (5.5% vs. 2.2%, respectively). The
mechanisms for these differences remain unknown
but are presumed to be related to abnormal
bradykinin metabolism.37 Based on these safety
concerns, no ACE-NEP inhibitor is currently ap-
proved for clinical use.

ANGIOTENSIN RECEPTOR ANTAGONISTS (ARAs)
Drugs that specifically block the actions of Ang II
at the peripheral AT1 receptors have been success-
fully used clinically for almost a decade and their
role in the crowded field of antihypertensive drugs
is expanding. Wheras ACE inhibitors block the
generation of Ang II, the ARAs block the effects of
this vasoconstrictor at the tissue or vascular level.

Physiologic and Pharmacologic Mechanisms
The vast majority of the clinically relevant effects
of Ang II receptor antagonists (ARAs) are related
to the direct blockade of AT1 receptors on periph-
eral tissues, especially on cell membranes of ex-
citable and secretory tissues. Currently available
ARAs have little effect on other known Ang II re-
ceptors, including the AT2 and AT4 receptors,
whose functions are not fully understood. AT1 re-
ceptors activate cells by stimulating the release of
calcium from intracellular stores. The physiologic
ramifications of AT1 receptor blockade reflect the
actions of the hormone Ang II. ARAs increase
plasma renin activity via inhibition of the negative
feedback loop by which Ang II suppresses juxta-
glomerular  cell renin release. As a result, the lev-
els of circulating Ang I and Ang II are actually in-

creased during chronic ARA therapy, but the ef-
fects of Ang II remain blocked. Additional stimu-
lation of the AT2 receptor by increased Ang II dur-
ing chronic ARA therapy may augment the depres-
sor effect of the drugs. ARAs cause a balanced he-
modynamic effect that reduces both cardiac out-
put and systemic resistance with no reflex tachy-
cardia, a pattern similar to ACE inhibitors. 

Clinical Benefits
In an early heart failure trial in which losartan was
investigated for its effects on renal function (no ad-
verse effects were found), the drug was incidentally
found to be superior to captopril in reducing mortali-
ty (Evaluation of Losartan in the Elderly [ELITE
I]).43 In the larger follow-up trial that followed
(ELITE II),44 captopril and losartan were both bene-
ficial in their abilities to reduce mortality (about
10%) and heart failure rehospitalization rates (about
30%–40%). Roughly equal reductions in heart fail-
ure rehospitalization rates were observed in the sub-
group of ACE-intolerant individuals in the Valsartan
Heart Failure Trial (Val-HeFT).45 As a result, valsar-
tan has been deemed “approvable” by the Food and
Drug Administration (FDA) for the treatment of
heart failure in ACE inhibitor-intolerant patients.
ARAs have most recently been shown to exert a fa-
vorable effect on left ventricular hypertrophy, an im-
portant precursor of heart failure. Preliminary re-
ports of the Losartan Intervention For Endpoint re-
duction in hypertension (LIFE)46 study, which com-
pared losartan to atenolol in patients with document-
ed left ventricular hypertrophy, indicate a more fa-
vorable effect of ARAs than β blockers on cardiovas-
cular morbidity and mortality, especially in reducing
the incidence of stroke. In high-risk patients with dia-
betic renal disease ARAs have been proved to be ben-
eficial in comparison to standard therapy (that did
not include an ACE inhibitor) in two large random-
ized trials in high-risk type 2 diabetic patients with
nephrotic-range proteinuria.47,48 Losartan in RE-
NAAL (Reduction of Endpoints in Non-Insulin-De-
pendent Diabetes Mellitus with the Angiotensin II
Antagonist Losartan study)47 and irbesartan in
IDNT (Irbesartan Diabetic Nephropathy Trial)48

both reduced the composite end point (rate of dou-
bling of serum creatinine, death, and time to initia-
tion of end-stage renal therapy) and the rate of albu-
min excretion. Neither study demonstrated that
ARAs reduce mortality rates in this high-risk popula-
tion but in RENAAL, the end-stage renal disease in-
cidence rate and the rate of heart failure hospitaliza-
tion were significantly decreased by losartan therapy
compared to treatments that did not include an
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ARA. Beneficial effects of ARAs have also been
demonstrated in lower risk type 2 diabetics with nor-
mal glomerular filtration rates in the IRMA 2
study,33 where irbesartan reduced the microalbumin
excretion rate in a dose-dependent fashion. It should
again be emphasized that in all of these trials a ma-
jority of subjects also received a diuretic.

Adverse Effects and Interactions
The reported side effect profiles of ARAs are simi-
lar to placebo in hypertension and heart failure.
ARAs can thus be characterized as having a wide
therapeutic window, with virtually no dose-depen-
dent side effects. This finding, taken together with
some data of improved outcomes at higher doses,
suggests higher doses might provide better target
organ protection. A possible exception to the ben-
efits of ARAs in heart failure is their potential lack
of safety in combination with β blockers. In
ELITE II, mortality was higher with the β blocker-
losartan combination than with β blocker-capto-
pril44 and in Val-HeFT, valsartan caused higher
mortality than placebo in individuals receiving
both ACE inhibitors and β blockers.45 However,
potential mechanisms explaining the increased
mortality of the β blocker-ARA combination are
not known at this time.

CRITICAL CLINICAL ISSUES
Despite the explosion of knowledge regarding the
mechanisms and impact of anti-RAAS drugs, sev-
eral critical clinical issues and questions remain to
be addressed.

Are ARAs Functionally Equivalent to ACE Inhibitors?
There are at least two possible points of differenti-
ation in the mechanisms of action of ACE in-
hibitors and ARAs: potential benefit of AT2 recep-
tor activation with ARAs and degree of
bradykinin potentiation by ACE inhibitors. The
increased Ang II during chronic ARA therapy is
not believed to be harmful because the AT1 recep-
tor is blocked and effects of Ang II are proportion-
ally diminished. Additional AT2 receptor stimula-
tion has been thought to potentiate the vasodilato-
ry and antihypertrophic effects of ARAs49 but the
relative merits of chronic AT2 receptor stimulation
are still unclear. Plasminogen activator inhibitor-1
is reduced chronically in insulin-resistant hyper-
tensives by ACE inhibition but not by ARA. (D.
Vaughan, personal communication, 2002) but
whether this finding is clinically significant re-
mains to be established.

Blood pressure response patterns in hyperten-

sion also suggest that ACE inhibitors and ARAs
overlap substantially. Theoretically, ARAs should
be effective in more individuals than ACE in-
hibitors, yet both drugs are effective as monother-
apy in less than 50% of hypertensives. Like ACE
inhibitors, they are consistently more effective as
monotherapy in “high-renin” forms of hyperten-
sion50 and less effective as monotherapy in “low-
renin” subgroups such as blacks.51

Careful examination of the pattern of end organ
protection with ACE inhibitors and ARAs reveals sim-
ilar beneficial effects of both drug classes on hyperten-
sion and the associated conditions of albuminuria,
progression of renal disease, and heart failure.52 A
number of outcome studies with regard to cardiovas-
cular end points (Heart Outcomes Prevention Evalua-
tion [HOPE] and others) favor ACE inhibitors, largely
because they have been investigated for a longer peri-
od of time and to a greater extent than ARAs (See
Table). Overall it seems appropriate to conclude that
because the biologic effects of ACE inhibitors and
ARAs overlap to a great extent, their benefits in hyper-
tension and in cerebrovascular and renal diseases are
quite similar and that the two subclasses may be func-
tionally interchangeable in most conditions. Significant
points requiring additional clarification include
whether ARAs can be administered safely in combina-
tion with β blockers in heart failure and whether ACE
inhibitors are preferred in coronary artery disease. If
the answer is negative, a clear point of differentiation
will have been established.

Whether or not ACE inhibitors and ARAs are
equivalent in lowering blood pressure or protect-
ing target organs, there is at least one subgroup of
individuals in whom ACE inhibitors and ARAs
are clearly not fully interchangeable: those who
develop side effects on one or the other drug. 

What Are the Optimal Doses of ACE 
Inhibitors and ARAs? 
In general, there is a reluctance among practitioners
to employ higher doses of anti-RAAS drugs, a phe-
nomenon that may contribute to suboptimal reduc-
tions in morbidity and mortality. The principal rea-
sons for underdosing include a general lack of
knowledge of the pharmacodynamics of anti-RAAS
drugs, inappropriately low FDA-approved dose
ranges, and lack of useful clinical markers for dosing
the drugs in conditions such as heart failure.

The most important reason for underdosing of
anti-RAAS drugs is probably the general lack of un-
derstanding of their pharmacodynamic effects. The
concept of routine clinical underdosing is supported
by recent studies demonstrating that the usual
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clinical doses of lisinopril, an ACE inhibitor,  do not
fully block the pressor effects of infused Ang I.53 Low
doses of ARAs similarly fail to achieve effective 24-
hour duration of action and also fail to fully block
the pressor effects of infused Ang II.54 Twenty-four
hour duration of antihypertensive effect is also com-
monly ignored in favor of data relating to peak ef-
fects, which occur at about 2–4 hours after each dose
for virtually all ACE inhibitors. Underdosing is also
the result of a general failure to recognize that clinical
end points such as the reduction in proteinuria may
require higher doses of ACE inhibitors and ARAs,
plus the use of other medications, than those that
lower blood pressure.55 Although blood pressure af-
fords a clear titratable end point in hypertension,
dosing in heart failure is much more difficult because
of the lack of a clinical variable to be monitored. In
this setting it is necessary to turn to population-based
outcome studies, where inadequate doses of anti-
RAAS cause unnecessary rehospitalizations for heart
failure.56,57 Despite these findings, low-dose therapy
with ACE inhibitors (less than 20 mg daily of
enalapril or equivalent) and ARAs (less than 100 mg
daily of losartan or equivalent) remains prevalent.58

In the treatment of heart failure, clinicians should
first recall that because the vast majority of side ef-
fects of ACE inhibitors and ARAs are not dose-de-
pendent, there is no valid clinical reason to use lower
doses. Physicians attempting to minimize side effects
by using low doses are therefore more likely to mini-
mize the beneficial effects than the adverse effects. In
summary, for ACE inhibitors and ARAs in general,
there are few compelling reasons not to use the maxi-
mum amounts listed in the product literature.

Is It Necessary to Combine ACE Inhibitors and
ARAs to Achieve Full RAAS Blockade?
Monotherapy with an ACE inhibitor (or ARA) is ef-
fective in lowering blood pressure in about one half of
the population. It is also true that the response pat-
terns within individuals and groups are similar for
both drug subclasses.59 These findings suggest a strong
overlap in mechanisms of action of ACE inhibitors
and ARAs.

On the other hand, because only about one half
of the population does not respond to either class, it
is possible that Ang II generated by non-ACE path-
ways including chymases may be clinically impor-
tant.60 These findings have caused some experts to
conclude (perhaps prematurely) that “ACE inhibitor
escape” is an intrinsic feature of chronic therapy
with ACE inhibitors and that monotherapy with
ACE inhibitors is limited in its benefits. There is
some evidence suggesting a return to baseline of

plasma Ang II during chronic ACE inhibition61 but
it should be pointed out that this oft-quoted study
utilized a nonspecific assay system that obscured the
actual changes in circulating Ang II and thus should
not be interpreted to suggest that ACE escape actu-
ally occurs. Even if “non-ACE” pathways are found
in man, significant population heterogeneity seems
likely and individual effects may be different than
population effects. 

The question of the need for combination therapy
with ACE inhibitors and ARAs is also confounded
by the problem of inadequate dosing. Based on ani-
mal pharmacology studies, the amount of ACE in-
hibitor necessary to achieve maximum blood pres-
sure lowering is probably 3–30 times more than has
been used routinely in clinical studies. It is thus en-
tirely predicable that studies employing the lowest
doses of an ACE inhibitor often found an added ben-
efit of combination therapy with an ACE inhibitor
and ARA,62 whereas studies employing higher ACE
inhibitor doses (e.g., enalapril 40 mg daily) have typi-
cally failed to demonstrate an additive effect of ACE
inhibitors and ARAs.63 Overall, it does not seem like-
ly that substantial additive effects of ACE inhibitors
and ARAs will occur in most people because of the
overlap in the basic mechanisms of action (i.e., RAAS
blockade) of the two classes. A more effective antihy-
pertensive combination is either an ACE inhibitor or
ARA with a diuretic.

Should ACE Inhibitors or ARAs Be First-Line
Therapy in Hypertension?
The JNC established a precedent in 1997 by recom-
mending specific drugs for high-risk cases2 based on
clinical trial evidence that certain drugs had demon-
strated particularly favorable outcomes in those at
the highest risk for adverse cardiovascular outcomes
(individuals with diabetes, renal disease, ischemic
heart disease and heart failure). Since 1997, addition-
al studies have been completed and an expanded list
of “compelling indications” can be created (see
Table). These new studies in systolic hypertension64

diabetes with proteinuria,33,47,48 high-risk cardiac pa-
tients without overt hypertension,19 and individuals
with all forms of progressive renal disease21 have
added greatly to our knowledge of the value of anti-
RAAS drugs. In the case of isolated systolic hyperten-
sion, the National Heart, Lung and Blood Institute
(NHLBI) clinical advisory statement issued in May,
2000 identifies ACE inhibitors as effective agents.65

Perhaps what is most striking about the observed
pattern (see Table) is that anti-RAAS drugs confer
distinct benefits in all conditions tested to date. This
statement also stands in contrast to studies that sug-
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gest poorer cardiovascular outcomes with other drug
classes such as α blockers66 or calcium antagonists.64

A review of the more recent trials is found on page
20 of this supplement.

The value of ACE inhibitors and ARAs in high-risk
conditions brings about an obvious question: if anti-
RAAS drugs are effective agents in the most complicat-
ed forms of hypertension, isn’t it logical to assume that
these same agents will be more effective at preventing
the development of target organ damage? It remains
unclear whether all target organ damage is the result of
elevated pressure per se or whether there is a specific
“toxic” role of Ang II and other hormones in addition
to the effects of blood pressure. Definitive differences
between drug classes may be demonstrated by the
huge Antihypertensive and Lipid-Lowering Treatment
To Prevent Heart Attack Trial (ALLHAT)66 study but
the absence of between-class differences in ALLHAT
results could easily be falsely negative because of the
relatively short duration of follow-up, the heterogene-
ity of clinical conditions in the study subjects, and the
relatively low doses of the study drugs that were used.
For the present, the physician is left to interpret the in-
complete existing data that point to superiority of
RAAS blockers and to decide whether it is important
to treat patients now or to wait for “definitive” clinical
results that in fact may never come. It seems logical to
include the use of an agent that blocks the RAAS sys-
tem as one of the preferred initial medications in addi-
tion to diuretics and perhaps β blockers.

CONCLUSIONS 
Despite the advances made in understanding the
basic and clinical science of anti-RAAS drugs, there
are important unanswered questions about the clini-
cal implications of the different mechanisms of ac-
tion of ACE inhibitors and ARAs. It is indisputable
that drugs that interrupt the RAAS can improve and
extend the lives of many people. For these benefits
to occur, however, clinicians must be sure to use ad-
equate doses of ACE inhibitors and ARAs and to
concentrate less on the potential between-drug dif-
ferences and more on improving overall blood pres-
sure control by using more effective drug combina-
tions, especially ACE inhibitor-diuretic and ARA-di-
uretic combinations. On balance, the bulk of current
evidence is consistent with the recommendation that
ACE inhibitors and ARAs are appropriate first-line
and second-line agents in hypertension. 
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