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Activation of the renin–angiotensin–aldosterone system (RAAS) results in vasoconstriction, muscular (vascular and cardiac)
hypertrophy and fibrosis. Established arterial stiffness and cardiac dysfunction are key factors contributing to subsequent
cardiovascular and renal complications. Blockade of RAAS has been shown to be beneficial in patients with hypertension, acute
myocardial infarction, chronic systolic heart failure, stroke and diabetic renal disease. An aggressive approach for more
extensive RAAS blockade with combination of two commonly used RAAS blockers [ACE inhibitors (ACEIs) and angiotensin
receptor blockers (ARBs)] yielded conflicting results in different patient populations. Combination therapy is also associated
with more side effects, in particular hypotension, hyperkalaemia and renal impairment. Recently published ONTARGET study
showed ACEI/ARB combination therapy was associated with more adverse effects without any increase in benefit. The Canadian
Hypertension Education Program responded with a new warning: ‘Do not use ACEI and ARB in combination’. However, the
European Society of Cardiology in their updated heart failure treatment guidelines still recommended ACEI/ARB combo as a
viable option. This apparent inconsistency among guidelines generates debate as to which approach of RAAS inhibition is the
best. The current paper reviews the latest evidence of isolated ACEI or ARB use and their combination in cardiovascular diseases,
and makes recommendations for their prescriptions in specific patient populations.
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Introduction

The renin–angiotensin–aldosterone system (RAAS) is a
complex system that plays an important role in maintaining
haemodynamic stability in the human body through regula-
tion of arterial blood pressure, water and electrolyte balance
(Skeggs et al., 1976). However, pathological activation of the
RAAS results in excessive vasoconstriction, abnormal muscu-
lar (vascular and cardiac) hypertrophy and fibrosis. Estab-
lished arterial stiffness and cardiac dysfunction are key factors
contributing to subsequent cardiovascular and renal compli-
cations (Topouchian et al., 2007). Blockade of RAAS has been
shown to be beneficial in patients with hypertension, acute

myocardial infarction (AMI), chronic systolic heart failure,
stroke and diabetic nephropathy (DN). ACE inhibitor (ACEI)
and angiotensin receptor blocker (ARB) are two major RAAS
inhibitors commonly used in clinical practice. Recently, an
aggressive approach of more extensive RAAS blockade with
their combination (ACEI/ARB combo) has been addressed in a
number of large randomized trials. In this paper, the latest
evidence concerning the use of these two agents in cardiovas-
cular diseases will be discussed.

RAAS: historical perspective

The RAAS has been discovered for more than a century. In
1898, Tigerstedt and Bergman first demonstrated that an
extract from the renal cortex of rabbits (later named renin)
increased blood pressure when it was injected intravenously
to recipient rabbits (Tigerstedt and Bergman, 1898). However,
the findings of Tigerstedt could not be reproduced in other

Correspondence: Associate Professor Yat-Yin Lam, Department of Medicine &
Therapeutics, The Chinese University of Hong Kong, Hong Kong Special
Administrative Region. E-mail: homalam@hotmail.com
Received 23 December 2009; revised 12 February 2010; accepted 1 March
2010

British Journal of Pharmacology (2010), 160, 1273–1292
© 2010 The Authors
Journal compilation © 2010 The British Pharmacological Society All rights reserved 0007-1188/10
www.brjpharmacol.org



studies, and the discovery of renin was once disputed and
ignored. It took another 40 years for scientists to realize that
renin functioned as an enzyme on a protein substrate to
produce a peptide that mediated the vasopressor effect of
renin (Braun-Menendez et al., 1940; Page and Helmer, 1940).
The protein substrate was later named angiotensinogen (Skeggs
et al., 1956; Kageyama et al., 1984), and the peptide known as
angiotensin (Braun-Menendez and Page, 1958). Further work
by Skeggs et al. demonstrated that angiotensin existed in two
distinct forms: angiotensin I (A-I) and angiotensin II (A-II)
(Skeggs et al., 1957a), where A-I was cleaved by ACE to gen-
erate the biologically active A-II (Skeggs et al., 1957b). The
relationship between A-II and aldosterone was hypothesized
by Gross (1958) and subsequently confirmed by Davis (1959).
These precious works led to ongoing research and increasing
understanding of the RAAS (Hedner et al., 1998).

Current concept of the RAAS

The classical RAAS hormonal cascade begins with production
of renin (Figure 1). Renin, an aspartyl protease produced by
the juxtaglomerular cells of the kidney, regulates the initial
and rate-limiting step of the RAAS by converting angiotensi-
nogen to A-I (Hackenthal et al., 1990; Persson et al., 2004).
Angiotensinogen is an alpha-2-globulin mainly produced by
the liver (Ménard et al., 1983; Deschepper, 1994; Hall, 2003).
A-I is a biologically inactive decapeptide, which requires
further activation by ACE, a dipeptidyl carboxypeptidase, to

form the biologically active octapeptide A-II (Ng and Vane,
1967; Corvol et al., 1995). ACE is a membrane-bound zinc
metalloprotease, mainly produced by the lungs (Corvol et al.,
1995). A-II acts on the adrenal cortex and causes the release of
aldosterone (Quinn and Williams, 1988). The net effects of
the activation of the RAAS include vasocontriction, sodium
and water retention, increased arterial blood pressure and
increased myocardial contractility, which in combination
increase the effective circulating volume. An increase in per-
fusion of the juxtaglomerular apparatus inhibits the release of
renin through a negative feedback mechanism. Apart from
the classical endocrine pathway in the circulation, there is
increasing evidence that the renin–angiotensin system (RAS)
functions at tissue level in a paracrine or autocrine manner
(Paul et al., 2006). Generally speaking, it is thought that the
tissue or local RAS works with the classical circulating RAAS in
a complementary manner.

Pathophysiological role of RAAS
in cardiovascular disorders

Dysregulation of the RAAS has been implicated in the patho-
physiology of various cardiovascular disorders including
hypertension, AMI, congestive heart failure (CHF) and stroke,
as well as renal disorders especially DN.

RAAS and hypertension
RAAS is involved in certain forms of secondary hypertension,
including renin-secreting neoplasms, renovascular hyperten-
sion (e.g. renal artery stenosis), malignant hypertension,
pheochromocytoma and primary hyperaldosteronism. In
patients with primary (essential) hypertension, the plasma
renin activity (PRA) can be high, normal or low (Bühler et al.,
1984). ‘Low-renin’ hypertension is more commonly seen in
the eldery, diabetic patients, and those with chronic renal
parenchymal disease. Studies have shown that the PRA may
not necessarily reflect tissue activities (such as the vascular
endothelium, kidneys, brain and the adrenal glands) (Red-
grave et al., 1985; Johnston, 1992). This was evidenced by
experimental models that in transgenic rats into which a
mouse renin gene was inserted to produce angiotensin-
mediated hypertension, the PRA, plasma A-II level and renal
renin content were all below normal, while adrenal renin
content, vascular A-II formation and plasma level of prorenin
(the precursor of active renin) were all markedly elevated
(Bachmann et al., 1992). These findings suggest a possible link
between primary hypertension and abnormal activation of
local RAS.

RAAS and AMI
Activation of the RAAS begins shortly after AMI. Traditionally,
such activation has been considered as a compensatory and
adaptive response to maintain blood pressure and systemic
perfusion. However, sustained activation of the RAAS has
been shown to be associated with a poor prognosis (Vaney
et al., 1984; Remes, 1994; Isnard et al., 2000). A-II, being posi-
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Figure 1 RAAS. Renin, produced by the juxtaglomerular cells of the
kidney converts angiotensinogen to A-I. Angiotensinogen is an alpha-
2-globulin mainly produced by the liver. A-I is biologically inactive
and is activated by ACE, mainly produced by the lungs to form A-II.
A-II acts on A-II receptors. The angiotensin type 1 (AT1) receptor
governs most physiological effects. The net effects of activation of the
RAAS include vasocontriction, increased arterial blood pressure,
increased myocardial contractility, sodium and water retention which
subsequently increases the effective circulating volume. Renin–
angiotensin–aldosterone blockade can be achieved by direct renin
inhibitor, ACEI, ARB and AA. A-II can also be produced by alternative
pathways by enzymes like chymase and cathepsin G, which form the
basis of ‘A-II escape’. This is also the rationale for using dual blockade
of the system by ACEI and ARB.

RAAS blockade
1274 TKW Ma et al

British Journal of Pharmacology (2010) 160 1273–1292



tively inotropic, increases myocardial oxygen demand, but
causes vasoconstriction of the coronary vasculatures at the
same time. This further exacerbates oxygen imbalance and
myocardial ischaemia after myocardial infarction, and may
result in irreversible myocardial damage (Perondi et al., 1992).
A-II also has direct toxic effect on myocytes and stimulates
myocyte hypertrophy, growth of vascular smooth muscle cells
and fibroblasts (Lonn et al., 1994). Moreover, loss of myocytes
triggers abnormal deposition of fibrillar collagen in the heart
(Weber and Brilla, 1991). All these factors lead to progressive
ventricular dysfunction after myocardial infarction.

RAAS and systolic heart failure
Packer (1992) first proposed that neurohormonal mechanisms
played a central role in the progression of systolic heart
failure, where activation of the sympathetic nervous system
and RAAS had a direct deleterious effect on the heart that was
independent of the haemodynamic disturbance produced by
these endogenous systems. The degree of neurohormonal
activation in patients with heart failure has been shown to be
related to the severity of left ventricular dysfunction (Benedict
et al., 1994). The major neurohormonal systems involved are
the sympathetic nervous system, RAAS and anti-diuretic
hormone (Francis et al., 1984; Dzau, 1987). Other vasoactive
substances including endothelin, atrial natriuretic peptide
and nitric oxide are also involved. A-II is an important media-
tor of cardiac remodelling. It stimulates fibroblasts to produce
collagen, causes hypertrophy of cardiac myocytes (Sadoshima
and Izumo, 1993) and promotes cardiac fibrosis (Kawano
et al., 2000). There is now increasing evidence that the local
cardiac (Raman et al., 1995; Dostal and Baker, 1999) and renal
(Schunkert et al., 1992) activation of renin and angiotensin is
involved in the neurohormonal adaptation. Secondary hyper-
aldosteronism is commonly seen in patients with chronic
heart failure, and aldosterone per se may also induce cardiac
fibrosis (Lijnen and Petrov, 2000). The net result will be
pathological and maladaptive cardiac remodelling, which
runs in a viscious cycle and causes progressive decline in the
cardiac function.

RAAS and atherosclerosis
Hypertension is a major risk factor for both haemorrhagic and
ischaemic stroke (especially small vessel disease). Atheroscle-
rosis is another important factor in the pathophysiology of
ischaemic stroke. There is increasing evidence that RAAS, in
particular A-II, is closely related to atherosclerosis (Weiss et al.,
2001). A-II promotes generation of oxidative stress in the
vasculatures, which appears to be a key mediator of endothe-
lial dysfunction, endothelial cell apoptosis and lipoprotein
peroxidation (Dimmeler and Zeiher, 2000). A-II also induces
cellular adhesion molecules, and chemotactic and pro-
inflammatory cytokines, all of which participate in the induc-
tion of an inflammatory response in the vessel wall (Phillips
and Kagiyama, 2002). In addition, A-II triggers responses in
vascular smooth muscle cells that lead to proliferation, migra-
tion and a phenotypic modulation, resulting in production of
growth factors and extracellular matrix. While all these effects
contribute to neointima formation and development of ath-

erosclerotic lesions, A-II may also be involved in acute com-
plications of atherosclerosis by promoting plaque rupture and
a hyperthrombotic state (Schmidt-Ott et al., 2000).

DN
DN is a major complication of both type 1 (insulin-dependent
diabetes mellitus) and type 2 (non-insulin-dependent diabe-
tes mellitus) diabetes. It is characterized by microalbuminuria
in the early stage, followed by overt proteinuria and progres-
sive, irreversible decline in glomerular filtration rate (GFR).
Albuminuria is a risk factor for cardiovascular events in indi-
viduals with or without DM (Gerstein et al., 2001). Dysregu-
lation of RAAS plays a pivitol role in the pathogenesis of DN.
Pathological hallmarks of DN include expansion of mesangial
cells, accumulation of extracellular matrix protein, thickening
of glomerular and tubular basement membranes, tubuloint-
erstitial fibrosis, glomerulosclerosis and renal endothelial dys-
function (Schrijvers et al., 2004; Kanwar et al., 2008).
Hyperglycaemia is associated with increased production of
A-II in glomerular mesangial cells (Singh et al., 2003). A-II
increases the expression of transforming growth factor, which
stimulates the mesangial matrix synthesis (Kagami et al.,
1994; Davis et al., 2008). It also decreases mesangial matrix
degradation through promoting synthesis of type 1 plasmi-
nogen activator inhibitor (PAI-1) (Wilson et al., 1997) and
inhibiting activity of mesangial cell collagenase (Singh et al.,
1999). Other mechanisms of renal injury include production
of reactive oxygen species (ROS) (Giacchetti et al., 2005) and
renal fibrosis by up-regulating the expression of Rho A and
activating Rho/Rho kinase pathway (Ruiz-Ortega et al., 2006).
These structural changes lead to microalbuminuria, followed
by macroalbuminuria and finally chronic renal failure.

RAAS: an important therapeutic target

Four groups of RAAS blockers (Figure 1) have been developed,
namely direct renin inhibitor (DRI), ACEI, ARB and aldoster-
one antagonist (AA). Aliskiren was the first DRI and was
approved by the United States Food and Drug Administration
in 2007 for the treatment of primary hypertension. Remikiren
is another DRI currently under development. ACEI inhibits
ACE and can be divided into three groups based on their
chemical structures, namely dicarboxylate containing (e.g.
benazepril, enalapril, lisinopril, perindopril, ramipril,
quinapril), sulphydryl containing (e.g. captopril, zofenopril)
and phosphate containing (fosinopril). ARBs block the acti-
vation of A-II type 1 receptors. Examples include candesartan,
eprosartan, irbesartan, losartan, olmesartan and telmisartan.
AA blocks the action of aldosterone on mineralocorticoid
receptors. Spironolactone was the first member of the class.
Other examples include eplerenone and canrenone. In this
review, only the role of ACEI and ARB, and their combination
in hypertension, myocardial infarction, heart failure, stroke
and DN will be discussed.

Hypertension
Anti-hypertensive therapy has been shown to reduce the risk
of stroke (35–40%), myocardial infarction (20–25%) and heart
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failure (>50%) (Neal et al., 2000). Despite the negative result
of the Captopril Prevention Project (Hansson et al., 1999b),
subsequent large trials involving other ACEIs (e.g. ramipril,
perindopril, lisinopril, enalapril) like STOP-2 (Hansson et al.,
1999a), HOPE (Yusuf et al., 2000) and ACCOMPLISH (Jamer-
son et al., 2008) showed that anti-hypertensive treatment
with ACEI improved clinical outcomes (Table 1). Previous
meta-analysis raised the concern that controlling hyperten-
sion (with thiazide or beta-blocker as first line treatment,
resulting in a mean reduction of systolic blood pressure by
15.0 mm Hg and diastolic blood pressure by 6.1 mm Hg) in
the very old may increase the risk of death (Gueyffier et al.,
1999). In the HYVET-Pilot study which involved hypertensive
patients older than 80, use of ACEI (lisinopril and enalapril)
reduced the risk of stroke by 40%, but was associated with a
trend of increased risk of total deaths (RR 1.14, 95% confi-
dence interval [CI] 0.65–2.02) and cardiac deaths (RR 1.40,
95% CI 0.50–3.92) (Bulpitt et al., 2003). The later HYVET
study, in which indapamide was used as the first line therapy
and perindopril as add-on therapy, however, showed
improvement in cardiovascular outcomes with no increase in
adverse events (Beckett et al., 2008). In this study, 23.9% and
49.5% of patients were receiving perindopril 2 mg and perin-
dopril 4 mg in addition to indapamide at 2 years.

ARBs have been compared with other classes of anti-
hypertensive drugs in large clinical trials. In the LIFE study,
losartan and atenolol achieved similar blood pressure reduc-
tion in patients with essential hypertension and left ventricu-
lar hypertrophy (Dahlöf et al., 2002). Losartan was superior to
atenolol in decreasing risk of cardiovascular death, stroke or
MI and new-onset diabetes. In the VALUE study, valsartan was
comparable to amlodipine in terms of reducing cardiac mor-
tality and morbidity in hypertensive patients at high cardio-
vascular risk (Julius et al., 2004). Although the amlodipine
group had a significantly lower incidence of myocardial inf-
arction than the valsartan group, it could be explained by the
fact that the amlodipine group attained a lower blood pres-
sure. Similar to the LIFE study, patients receiving valsartan
had a lower incidence of new-onset diabetes.

AMI
Treatment with ACEI is beneficial following AMI (Table 2).
Seven major prospective randomized trials have evaluated the
use of ACEI following AMI. These trials could be divided into:
(i) those in which ACEI were given to all AMI patients in a
randomized fashion (ISIS-4, GISSI-3 and CONSENSUS II); and
(ii) those that required evidence of asymptomatic or symp-
tomatic left ventricular dysfunction before randomization
[SAVE, TRACE, Acute Infarction Ramipril Efficacy (AIRE) and
SMILE]. In the ISIS-4 (ISIS-4 Collaborative Group, 1995) and
GISSI-3 (Gruppo Italiano per lo Studio della Sopravvivenza
nell’Infarto Miocardico, 1994; 1996) studies, captopril and
lisinopril as compared to placebo resulted in a 7% (at 5 weeks)
and 12% (12% at 6 weeks; 6.2% at 6 months) reduction in
mortality, respectively, beyond that achieved by thrombolytic
therapy. The negative result shown by the CONSENSUS II
study (Swedberg et al., 1992) was likely explained by the
higher frequency of hypotension caused by intravenous
enalaprilat given in the first 24 h after AMI. These data sup-

ported the use of oral ACEI in the early phase of AMI if
hypotension could be avoided. In patients with AMI and left
ventricular systolic dysfunction, captopril and trandolapril
versus placebo resulted in 32% and 25–30% reduction in
mortality in SAVE (Rutherford et al., 1994) and TRACE trials
(Kober et al., 1995; Torp-Pedersen and Kober, 1995). Sustained
clinical benefits were observed at 10- to 12-year follow-up
(Buch et al., 2005). In patients with clinically evident CHF,
ramipril reduced mortality and heart failure progression as
compared to placebo (The AIRE Study Investigators, 1993;
Cleland et al., 1997). The AIRE results suggested halting heart
failure progression in AMI patients could improve survival by
reducing the risks of circulatory failure and sudden death, and
the benefit was sustained for many years (Hall et al., 1997).
The SMILE study showed that in patients with anterior AMI
without thrombolysis, zofenopril reduced mortality and inci-
dence of severe heart failure (Ambrosioni et al., 1995) when
the drug was started within 24 h after the onset of AMI.
Several meta-analyses of ACEI trials have consistently dem-
onstrated a favourable effect on survival after AMI (ACE
Inhibitor Myocardial Infarction Collaborative Group, 1998;
Flather et al., 2000; Latini et al., 2000; Rodrigues et al., 2003).
Studies regarding ACEI in low-risk patients with stable coro-
nary heart disease were more conflicting. The PEACE (Braun-
wald et al., 2004), QUIET (Pitt et al., 2001) and CAMELOT
(MacMahon et al., 2000) all showed negative results, whereas
the large-scale EUROPA (Fox and The European Trial on
Reduction of Cardiac Events with Perindopril in Stable Coro-
nary Artery Disease Investigators, 2003) study demonstrated
beneficial effect of perindopril in low-risk patients with stable
coronary heart disease and no apparent heart failure, in par-
ticular those with history of myocardial revascularization
(Bertrand et al., 2009). Meta-analysis of pooled data showed
that use of ACEI was associated with a reduction in cardio-
vascular mortality (RR 0.83, 95% CI 0.72–0.96, P = 0.01),
non-fatal MI (RR 0.84, 95% CI 0.75–0.94, P = 0.003), all-cause
mortality (RR 0.87, 95% CI 0.81–0.94, P = 0.0003) and revas-
cularization rates (RR 0.93, 95% CI 0.87–1.00, P = 0.04) (Al-
Mallah et al., 2006).

ARBs also save lives in AMI patients as shown in two major
randomized control studies. In OPTIMAAL study, AMI
patients with CHF randomized to losartan or captopril had
similar outcomes after a mean follow-up of 2.7 years (Dick-
stein et al., 2002). However, losartan was better tolerated than
captopril with fewer patients withdrawing from treatment
(17% vs. 23%, RR 0.70, 95% CI 0.62–0.79, P < 0.0001). Simi-
larly, valsartan had been shown to be equally effective as
captopril in reducing mortality in AMI patients in the
VALIANT study (Pfeffer et al., 2003).

Chronic systolic heart failure
Previous meta-analysis showed that ACEI therapy increased
survival, reduced heart failure-related hospitalizations and
improved symptoms in patients with left ventricular dysfunc-
tion or heart failure (Flather et al., 2000). Three out of the five
trials included for analysis enrolled patients within a week
after AMI. The CONSENSUS (The CONSENSUS Trial Study
Group, 1987) and SOLVD (The SOLVD Investigators, 1991)
studies showed that enalapril reduced mortality by up to 40%
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in patients with symptomatic severe systolic heart failure
(Table 3). In asymptomatic patients with left ventricular dys-
function, enalapril could reduce the incidence of heart failure,
rate of related hospitalizations (The SOLVD Investigators,
1992) and a statistically insignificant trend towards reduced
mortality due to cardiovascular causes. Compared with
hydralazine and isosorbide dinitrate combination, enalapril
was superior in terms of reducing mortality as shown in the
V-HeFT II study (Cohn et al., 1991), although subsequent
analysis showed that the mortality benefit was only seen in
white patients with hypertension and higher PRA (Carson
et al., 1999). In the FEST study, fosinopril increased exercise
tolerance and reduced the frequency of clinical events indica-
tive of worsening heart failure in patients with mild to
moderately severe heart failure, despite no significant
improvement in overall mortality (Erhardt et al., 1995).

The role of ARB in heart failure has been evaluated as
primary therapy compared with ACEI (ELITE-I and ELITE-II)
or placebo [Assessment of Response to Candesartan in Heart
Failure in Japan (ARCH-J)], as an alternative in patients intol-
erant of ACEIs (CHARM-alternative and SPICE) and as add-on
therapy in patients already treated with an ACEI (which will
be discussed later). The ELITE-I study showed losartan pro-
vided a smilar benefit when compared with captopril, and
had a similar risk of renal dysfunction (Pitt et al., 1997). There
was a trend towards better clinical outcome in terms of death
and/or hospital admission for heart failure in the losartan
group (9.4% in losartan group vs. 13.2% in captopril group) (P
= 0.075), primarily due to a decrease in all-cause mortality
(4.8% vs. 8.7%; P = 0.035). However, such mortality benefit
was not seen in the ELITE-II study, which showed a similar
all-cause mortality (11.7% vs. 10.4% average annual mortality
rate), sudden death or resuscitated cardiac arrests (9.0% vs.
7.3%) between losartan group and captopril group (Pitt et al.,
2000). The authors commented that the superiority of losar-
tan to captopril in reducing mortality in the ELITE-I study
should be taken as a chance finding as the observations were
based on a small number of deaths. The ELITE-II study had
four times as many patients and 10 times more events (Pitt
et al., 2000). Subsequent analysis of the ELITE-II study sug-
gested that losartan and captopril did not differ in terms of
heart failure-related outcomes, NYHA class and quality of life
(Konstam et al., 2005). The ARCH-J study was prematurely
terminated when candesartan was shown to reduce progres-
sion of CHF by 66.7% (P < 0.001) and incidence of cardiovas-
cular events by 53% (P < 0.01) when compared with placebo
(Matsumori and ARCH-J Study Investigators, 2003). In the
CHARM-alternative study, candesartan was shown to reduce
cardiovascular deaths or hospital admissions for heart failure
by 30% (P < 0.0001) in patients intolerant to ACEI (Granger
et al., 2003). Although the SPICE trial failed to demonstrate
any benefit in terms of mortality and morbidity, this may be
accountable by the relatively small sample size, low event
rates and short follow-up period (Granger et al., 2000). One
meta-analysis showed that ARB reduced all-cause mortality
and heart failure hospitalizations as compared with placebo,
and had similar efficacy when compared with ACEI in
patients with chronic heart failure (Lee et al., 2004). The
recent HEAAL study suggested that in patients with heart
failure (NYHA class II-IV), LVEF 40% or less, and intolerant to

ACEI, losartan 150 mg daily was superior to 50 mg daily in
reducing the mortality or admissions for heart failure, sug-
gesting that increased doses of an ARB would be needed to
achieve the maximal benefit (Konstam et al., 2009). While the
HEAAL study certainly added information that losartan at
150 mg daily seemed to be more effective and generally tol-
erated, it did not provide any information about whether a
high-dose ARB is better than ACEI monotherapy. Neither did
it offer insights about whether maximizing the dose of one
RAAS blocker would be better than the use of combination
therapy (e.g. comparing high-dose ARB with low-dose ARB
plus low-dose ACEI).

Stroke
RAAS blockers could lower stroke risk by mechanisms other
than blood pressure-lowering effect. The benefit of ACEI in
stroke was supported by two large trials (PROGRESS and
HOPE) (Table 4). In the PROGRESS study, which was a ran-
domized, double-blind, placebo-controlled trial of 6105 indi-
viduals with history of cerebrovascular disease, patients were
randomly assigned to receive perindopril with or without
addition of indapamide or placebo (PROGRESS Collaborative
Group, 2001). After a mean follow up of 4 years, perindopril
alone reduced the incidence of recurrent stroke by 28%, while
the combination with indapamide reduced stroke risk by
43%. Benefits of treatment were consistent across important
patient subgroups, including those with and without hyper-
tension, and for both ischaemic and haemorrhagic strokes.
Similarly, ramipril reduced the relative risk of any stroke by
32% (Yusuf et al., 2000) and the risk of fatal stroke by 61%
(Bosch et al., 2002) in the HOPE study.

Four ARBs (candesartan, losartan, telmisartan, eprosartan)
have been tested in large clinical trials, both as primary pre-
vention (LIFE, SCOPE, TRANSCEND and ONTARGET) and
secondary prevention (ACCESS, MOSES and PRoFESS) in the
treatment of stroke. In the LIFE study, losartan was shown to
be superior to atenolol in terms of stroke prevention, where
losartan reduced the risk of fatal or non-fatal stroke by 25% (P
= 0.001) (Dahlöf et al., 2002). Similarly, candesartan reduced
the risk of non-fatal stroke by 27.8% (P = 0.04), and all stroke
by 23.6% (P = 0.056) in the SCOPE study (Lithell et al., 2003).
In the TRANSCEND study, despite a 13% reduction in the risk
of the secondary composite outcome of cardiovascular death,
myocardial infarction or stroke by telmisartan (P = 0.048), the
reduction of stroke risk in isolation was statistically insignifi-
cant (3.8% vs. 4.6%; P = 0.136) (Yusuf et al., 2008b). The
stroke subgroup of ONTARGET study also showed that telm-
isartan treatment only produced a statistically insignificant
trend towards reduced risk of recurrent stroke compared with
ramipril (HR 0.91; P = 0.85) (Yusuf et al., 2008c). Studies on
benefit of ARB in terms of secondary prevention of stroke
generated inconsistent results as well. In the ACCESS study,
candesartan reduced the number of vascular events by more
than 50% (P = 0.026) when compared with placebo in
patients with ischaemic stroke and hypertension. There was a
trend towards improved 12 month mortality in the cande-
sartan group (2.9% vs. 7.2%; P = 0.07). (Schrader et al., 2003).
In the MOSES study, eprosartan was superior to nitrendipine
by reducing the risk of combined cardiovascular events by
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21% (P = 0.014) and cerebrovascular events by 25% (P = 0.03)
despite a similar degree of blood pressure reduction (Schrader
et al., 2005). However, the PRoFESS trial, which was the largest
stroke trial, failed to demonstrate such benefit. The PRoFESS
study was designed to compare the effects of telmisartan
against placebo, in addition to standard stroke prevention
therapy including other anti-hypertensive drugs on the
further reduction of recurrent stroke. In this study, 20 332
patients with ischaemic stroke were randomized to telmisar-
tan versus placebo and to two anti-platelets (aspirin and dipy-
ridamole) in a 2 ¥ 2 factorial design. After a mean follow-up of
2.5 years, telmisartan showed an insignificant lower rate of
recurrent stroke (HR 0.95, 95% CI 0.86–1.04, P = 0.23) (Yusuf
et al., 2008a). The findings of the PRoFESS study have raised
the question of whether ARBs offer additional benefits inde-
pendent of their effects on blood pressure, as suggested in
both the HOPE and LIFE studies. Afterall, ARB remains an
appropriate alternative in patients who are intolerant to ACEI,
but whether ARB should be used as the first line agent in
stroke prevention requires further clarification.

DN
ACEI and ARB have been shown to be effective in delaying
disease progression in both type 1 and type 2 diabetic patients
with microalbuminuria or established DN, although there is
no evidence that they are effective in the primary prevention
of DN (Table 5). Early randomized trials showed that in nor-
motensive patients with type 1 diabetes and persistent
microalbuminuria, captopril significantly reduced the risk of
progression to clinical proteinuria (Viberti et al., 1994; The
Microalbuminuria Captopril Study Group, 1996). In the cap-
topril study, which involved patients with overt proteinuria
and mild renal impairment (creatinin � 220 mmol·L-1), cap-
topril reduced the risk of combined end point of mortality,
dialysis and transplatation by 50% (Lewis et al., 1993). Further
analysis of the captopril study showed that captopril induced
remission of nephrotic-range proteinuria in 16.7% patients,
compared with only 1.5% with placebo (Hebert et al., 1994).
The beneficial effect of captopril is consistent among both
hypertensive and normotensive subjects (Kasiske et al., 1993).
Long-term remission of nephrotic syndrome and preservation
of renal function have also been described (Wilmer et al.,
1999). Remission of nephrotic range proteinuria has been
associated with a 28% risk reduction in terms of end-stage
renal diseaes (dialysis or transplantation) or death (Hovind
et al., 2004).

A similar benefit has been observed in patients with type 2
diabetes. In one early study, enalapril significantly decreased
albuminuria and prevented decline in kidney function in type
2 diabetics with microalbuminuria and normal renal function
(Ravid et al., 1994). In the MICRO-HOPE study, which was a
sub-study of the diabetic population in the HOPE study, rami-
pril reduced the risk of developing overt nephropathy by 24%
(P = 0.027) (Heart Outcomes Prevention Evaluation Study
Investigators, 2000). The ADVANCE study showed a 9% rela-
tive risk reduction in a major macrovascular or microvascular
event with perindopril/indapamide combination (Patel et al.,
2007). In terms of renal outcome, perindopril/indapamide
significantly reduced the rate of new-onset microalbuminuria

and in the combined end point of new-onset or worsening
microalbuminuria or proteinuria. Such benefit was seen even
among those with initial BP < 120/70 mm Hg (de Galan et al.,
2009). However, it is impossible to predict the degree to which
the renal benefits in ADVANCE study were due to the ACEI or
to the lower blood pressure.

Several major trials have demonstrated a clear benefit in
terms of renoprotection with ARB in patients with nephropa-
thy due to type 2 diabetes (IDNT, RENAAL and DETAIL). In
the IDNT study, 1715 hypertensive patients with nephropa-
thy due to type 2 diabetes were randomly assigned to irbe-
sartan, amlodipine or placebo (Lewis et al., 2001). At 2.6 years,
irbesartan was associated with a risk of the combined end
point (doubling of the plasma creatinine, development of
end-stage renal disease or death from any cause) that was 23
and 20% lower than with amlodipine and placebo respec-
tively. These benefits were independent of the differences in
the magnitude of blood pressure reduction among the groups
(Berl et al., 2005; Pohl et al., 2005). In another randomized
trial which involved 590 hypertensive patients with type 2
diabetes and microalbuminuria, irbesartan at a dose of
300 mg daily reduced the risk of overt DN by 70% when
compared with placebo (P < 0.001) (Parving et al., 2001b). In
the RENAAL study, 1513 patients with type 2 diabetes and
nephropathy were randomly assigned to losartan or placebo,
both in addition to conventional anti-hypertensive therapy
(excluding ACEI). At 3.4 years, losartan reduced the incidence
of a doubling of the plasma creatinine by 25% (P = 0.006) and
end-stage renal disease by 28% (P = 0.002). The composite end
point of doubling of the base-line serum creatinine concen-
tration, end-stage renal disease or death was reduced by 16%
in the losartan group (P = 0.02). These benefits were again not
associated with differences in blood pressure levels between
the groups (Brenner et al., 2001). The DETAIL study demon-
strated similar efficicacy of telmisartan and enalapril in
patients with early nephropathy (Barnett et al., 2004).

Combination therapy of ACEI and ARB

After the publication of several large clinical trials involving
combination therapy of ACEI and ARB (ACEI/ARB combo),
the Canadian Hypertension Education Program (CHEP)
responded with a bold new warning: ‘Do not use ACEI and
ARB in combination’. However, the European Society of Car-
diology (ESC) in their updated heart failure treatment guide-
lines still recommended ACEI/ARB combo as a viable option.
The rationale of giving ACEI/ARB combo is large based on a
phenomenon called ‘A-II escape’. There is evidence that stan-
dard doses of ACEI only offer a partial blockade of ACE
(Ennezat et al., 2000). One proposed explanation was that
enzymes such as chymase, cathepsin G and chymostatin-
sensitive angiotensin-generating enzyme can form A-II from
angiotensinogen and other peptide substrates (Balcells et al.,
1997). Because this mode of A-II generation is independent of
ACE, it can proceed regardless of the presence of an ACEI. By
targeting both the ACE and the angiotensin receptors, the
goal of therapy is to provide a more complete blockade of the
effect of A-II produced by the alternative pathway. Certain
ARBs (especially telmisartan) have also been shown to be
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selective peroxisome proliferator-activated receptor modula-
tors (Schupp et al., 2005) implicating an effect on the metabo-
lism, proliferation and inflammation of cardiovascular cells
(Brown and Plutzky, 2007). In the following section, the role
of ACEI and ARB combination therapy in the aforementioned
cardiovascular diseases and DN will be discussed (Table 6).

ACEI/ARB combo and hypertension
Doulton et al. (2005) analysed the blood pressure effect of
ACEI/ARB combo in different populations (uncomplicated
essential or isolated systolic hypertension, chronic renal
failure, type 1 and type 2 diabetes) in a meta-analysis which
included 14 trials. Overall, ACEI/ARB combo reduced 24 h
ambulatory blood pressure by 4.7/3.0 mm Hg compared with
ACEI monotherapy, and 3.8/2.9 mm Hg compared with ARB
monotherapy. Proteinuria was also reduced by 30 and 39%
when compared with ACEI monotherapy and ARB mono-
therapy respectively. However, one drawback of this meta-
analysis was that the majority of included studies used
submaximal doses or once-daily dosing of shorter-acting
ACEIs and had a short duration of follow-up (4–8 weeks).
Hence, the long-term effect of adding ARB to chronic ACEI
therapy could not be concluded. The study with the longest
duration of follow-up (2.9 years) included in this meta-
analysis was the COOPERATE study, which used the longest
acting ACEI trandolapril and showed no additional reduction
in trough blood pressure with combination therapy (trandola-
pril plus losartan) compared with monotherapy (Nakao et al.,
2003). However, the COOPERATE study was recently retracted
due to problems with authenticity of the data. As a result,
most of the evidence concerning the effect of ACEI/ARB
combo on hypertension came from the ONTARGET study
(Yusuf et al., 2008c). The ONTARGET study was the world’s
largest morbidity and mortality trial involving ARB and ACEI/
ARB combination so far which compared ramipril, telmisar-
tan and their combination in patients with vascular disease or
high-risk diabetes. The principle questions to be addressed
were: (i) whether an ARB, specifically telmisartan, is as effec-
tive as ACEI, specifically ramipril, in high-risk patients (as
shown in the HOPE study); (ii) whether combination therapy
of ramipril and telmisartan can further improve clinical out-
comes; and (iii) whether such combination was associated
with more adverse side effects. A total of 25 620 patients were
randomized to ramipril 10 mg daily, telmisartan 80 mg dialy
or combination of both. Both telmisartan and ramipril
reduced blood pressure to a similar extent (about 6 mm Hg
reduction for systolic and 5 mm Hg for diastolic blood pres-
sure). Mean blood pressure reductions were slightly greater,
although statistically insignificant with ramipril/telmisartan
combination compared with ramipril alone (8.4/6.0 vs. 6.0/
4.6 mm Hg) (Elliott, 2009). However, there was no significant
difference in the incidence of the primary outcome (death
from cardiovascular causes, myocardial infarction, stroke or
hospitalization for heart failure). The JNC-7 (Seventh Report
of the Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure) (Choban-
ian et al., 2003) and 2007 guidelines for the management of
arterial hypertension from the European Society of Hyperten-
sion and ESC (Mancia et al., 2007), both of which were pub-

lished before the ONTARGET study, did not have specific
mentioning on the role of ACEI/ARB combination in the
management of hypertension. However, the latest 2009 CHEP
recommendations specifically stated that regarding treatment
for adults with hypertension without compelling indications
for specific agents, ‘the combination of ACEI and ARB is not
recommended (grade A)’, and therapy using the combination
of an ACEI and an ARB should only be considered in selected
and closely monitored patients with advanced heart failure or
proteinuric nephropathy (Campbell et al., 2009).

ACEI/ARB combo and AMI
The role of ACEI/ARB combination in patients with myocar-
dial infarction was addressed in the VALIANT study (Pfeffer
et al., 2003). A total of 14 703 patients with less than 10 day
history of myocardial infarction and heart failure were ran-
domized into three groups: captopril 50 mg daily (n = 4909),
valsartan 160 mg twice daily (n = 4909) or combination of two
drugs (n = 4885). After a median follow-up of 24.7 months,
the mortality rate was 19.5% in the captopril group, 19.9% in
the valsartan group and 19.3% in the combination group. The
rate of the secondary end point of death from cardiovascular
causes, recurrent myocardial infarction or hospitalizations for
heart failure was also similar in the three groups. However,
patients receiving combination therapy had a significantly
higher rate of adverse effects, in particular hypotension and
renal impairment. The incidence of hyperkalaemia was
similar among the three groups. Combining valsartan with
captopril in patients with myocardial infarction and heart
failure increased the rate of adverse events without improving
survival. The ONTARGET study population shared a high
cardiovascular risk (Yusuf et al., 2008c). In the three treatment
arms, about 75% had a clinicaly history of coronary artery
disease and about 50% had previous myocardial infarction.
Besides, in each of the three groups, more than 20% of
patients had coronary artery bypass grafting and about 30%
had previous percutaneous coronary intervention. All
patients received similar medical therapies in terms of anti-
platelets, statins and anti-hypertensives in the form of
beta-blockers, diuretics or calcium channel blockers. In this
high-risk population, the combination of ramipril and telm-
isartan did not reduce the risk of death from cardiovascular
causes, myocardial infarction or stroke when compared with
ramipril alone. All the current evidence does not support
ACEI/ARB combination therapy in the setting of AMI. For
patients with coronary artery disease, the CHEP recommen-
dation suggested ‘the combination of an ACEI and ARB is not
recommended in patients without co-existing systolic heart
failure’ (Campbell et al., 2009).

ACEI/ARB combo and chronic systolic heart failure
Studies showed that ACEI/ARB combination therapy damp-
ened neurohormonal and haemodynamic disturbance,
reduced cardiac remodelling and improved left ventricular
dysfunction in patients with chronic systolic heart failure
(Baruch et al., 1999; McKelvie et al., 1999; Murdoch et al.,
2001). It may also improve symptoms, exercise capacity and
quality of life (Kum et al., 2008). In the Val-HeFT study, 5010
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patients with heart failure of NYHA class II–IV and receiving
standard therapy were randomly assigned to receive 160 mg
of valsartan or placebo twice daily (Cohn et al., 2001). At the
time of randomization, 93% of the patients were being treated
with ACEIs. Overall mortality was similar in the two groups.
The incidence of the combined end point of mortality and
morbidity (defined as the incidence of cardiac arrest with
resuscitation, hospitalizations for heart failure or receipt of
intravenous inotropic or vasodilator therapy for at least 4 h)
was 13.2% lower with valsartan than with placebo (P = 0.009).
Treatment with valsartan also resulted in significant improve-
ments in NYHA class, left ventricular ejection fraction and
quality of life as compared with placebo. In the subgroup
analysis, valsartan had an adverse effect on mortality and was
associated with a trend towards an increase in the combined
end point of mortality and morbidity among those who were
receiving both ACEI and beta-blocker at base line. However,
further analysis of subjects in Val-HeFT receiving ACEI, but
not beta-blocker at baseline, showed that mortality was not
affected by valsartan, but morbidity end points were signifi-
cantly reduced (Krum et al., 2004). Quality of life was signifi-
cantly improved; ejection fraction was significantly increased;
left ventricular diameter was significantly reduced; and
plasma B-type natriuretic peptide, norepinephrine and aldos-
terone levels were significantly reduced with valsartan com-
pared to placebo. In the CHARM-Added study, 2548 patients
with NYHA class II–IV heart failure and being treated with
ACEI were randomized to candesartan or placebo. The
primary outcome (composite of cardiovascular death or hos-
pital admission for heart failure) was significantly lower in the
candesartan group (38% vs. 42% in placebo group, HR 0.85,
95% CI 0.75–0.96, P = 0.011). The benefits of candesartan
were similar in patients receiving baseline beta-blocker treat-
ment (McMurray et al., 2003). Incorporating the positive find-
ings of the Val-HeFT and CHARM-Added studies, the latest
AHA/ACC guidelines suggest that addition of an ARB may be
considered in persistently symptomatic patients with reduced
LVEF who are already being treated with conventional
therapy (Hunt et al., 2009). This was supported by the latest
guidelines by the Canadian Cardiovascular Society (Howlett
et al., 2009) and ESC (Dickstein et al., 2008). It should be
noted that the Val-HeFT investigators have subsequently
pointed out that in those patients on optimal or maximally
tolerated doses of ACEI, there was no benefit of adding val-
sartan. A recent meta-analysis also suggested that overall com-
bination therapy did not reduce mortality in patients with
heart failure, although it may reduce hospitalizations for
heart failure (Phillips et al., 2007). It also led to more adverse
effects (especially hypotension and hyperkalaemia), and did
not change overall hospitalization rates. ACEI/ARB combina-
tion therapy in heart failure should be individualized. Some
specific patients, for instance, those with good renal function
or younger patients might still benefit from this combination.
A close monitoring of renal function and serum potassium
level is mandatory.

ACEI/ARB combo and stroke
Majority of the evidence came from the ONTARGET study.
Although subgroup analysis showed that telmisartan showed

a trend towards reducing recurrent stroke versus ramipril (HR
0.91, 95% CI 0.79–1.05), ACEI/ARB combination therapy was
not associated with any additional benefit in this group of
high-risk patients (Yusuf et al., 2008c). The CHEP 2009 rec-
ommendations advised against ACEI/ARB combination for
patients with stroke (Campbell et al., 2009).

ACEI/ARB combo and DN
Although several early studies suggested that ACEI/ARB com-
bination provided additive benefit in DN, most of these
studies were small in size and had a short duration of follow-
up. In one meta-analysis which included 10 trials, 156
patients received ACEI/ARB combination therapy and 159
received ACEI only (Jennings et al., 2007). The duration of
follow-up for most studies was between 8 and 12 weeks.
ACEI/ARB combination was shown to reduce proteinuria, at
the expense of statistically and clinically significant reduction
in GFR and increase in serum creatinine. The authors sug-
gested that this decrease could be secondary to the observed
reductions in both systolic and diastolic blood pressure,
which could have resulted in diminished renal perfusion. The
duration of the included studies was relatively short, and
hence such decrease in GFR could also have been a transient
reduction. However, it was also stated that ‘a decrease of
nearly 4 mL·min-1 in GFR after only 2–3 months of dual
therapy is somewhat concerning and should be considered in
assessing the risk/benefit of this treatment strategy’. Analysis
of the renal outcome of the ONTARGET study showed that
the primary renal outcome (composite of dialysis, doubling of
serum creatinine and death) was similar for telmisartan
(13.4%) and ramipril (13.5%), but was increased with combi-
nation therapy (14.5%, P = 0.037) (Mann et al., 2008). The
secondary renal outcome (dialysis or doubling of serum crea-
tinine) was also more frequent with combination therapy (HR
1.24, 95% CI 1.01–1.51, P = 0.038). Although combination
therapy was associated with reduced albuminuria, it caused
the greatest decline in the estimated GFR. These findings
suggested that ACEI/ARB combination reduced proteinuria to
a greater extent than monotherapy with ACEI, but overall it
worsened major renal outcomes. The Combination Angio-
tensin Receptor Blocker and Angiotensin-converting Enzyme
Inhibitor for Treatment of Diabetic Nephropathy (VA
NEPHRON-D) study is an ongoing, randomized, double-
blind, multicentre clinical trial to assess the effect of combi-
nation losartan and lisinopril, compared with losartan alone,
on the progression of kidney disease in 1850 patients with
diabetes and overt proteinuria. The result will certainly
provide more information on this particular area (Fried et al.,
2009). The KDOQI guideline in 2004 (Kidney Disease Out-
comes Quality Initiative, 2004) suggested ‘ACEIs and ARBs
can be used in combination to lower blood pressure or reduce
proteinuria’, but this recommendation was based on early
small studies. The CHEP 2009 recommendation advised
against combination of an ACEI and ARB for patients with
non-proteinuric chronic kidney disease or in patients with
diabetes and normal urinary albumin levels (Campbell et al.,
2009). Overall, although evidence from previous short-term
studies indicates that combined therapy with ACEI/ARB
reduced proteinuria, there was no evidence of a beneficial
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effect of ACEI/ARB on progression of DN, and combination
therapy resulted in a clinically significant decrease in GFR in
some studies (Dalla Vestra et al., 2009).

Safety profile of ACEI/ARB combination

Adverse effects observed with ACEI/ARB have been relatively
mild. Most commonly reported were hypotension, dizziness,
increased serum creatinine and hyperkalaemia. Careful moni-
toring of renal function and serum potassium level is neces-
sary. In one meta-analysis which involved 17 337 patients,
ACEI/ARB combination was associated with significantly
higher rates of medication discontinuation because of adverse
effects. There were also significant increases in worsening
renal function, hyperkalaemia and symptomatic hypotension
(Phillips et al., 2007). The ONTARGET study also showed a
worse clinical outcome with combination therapy, but
patients with heart failure were excluded. Given the potential
benefit of ACEI/ARB combo in patients with systolic heart
failure, such combination remains a reasonable option, pro-
vided a close monitoring of renal function and potassium
level during the course of treatment. There has been no con-
census in terms of how to monitor patients on ACEI/ARB
combination therapy. The ESC 2008 guideline only men-
tioned how to use ACEI or ARB monotherapy in heart failure
(Dickstein et al., 2008). In real clinical practice, many patients
with advanced heart failure are of advanced age and have
brittle haemodynamic status. Addition of ARB to pre-existing
chronic ACEI therapy should be started at a low dose and
titrated up slowly on an individual basis in order to prevent
excessive hypotension. Baseline renal function should be
obtained before adding ARB to ACEI and preferrably, renal
function should be checked after 1 week of treatment. Early
onset renal impairment (e.g. increase in serum creatinin
> 30% of baseline) or hyperkalaemia (serum potassium >
5.5 mmol·L-1) should alert the clinician to seriously recon-
sider the risks and benefits of combination therapy. It seems
reasonable to recheck renal function at 1 week after any
up-titration of treatment. Preferrably, patients on mainte-
nance therapy should have at least a monthly monitoring of
renal function. The dosage of ACEI and ARB should also be
individualized based on tolerability.

Other types of combined RAAS blockade
There was some evidence that combination therapy with the
DRI aliskiren and an ACEI or ARB provided additional blood

pressure reductions compared with monotherapy in patients
with mild-to-moderate hypertension, and reduced surrogate
markers of organ damage in patients with heart failure or DN
(Düsing and Sellers, 2009). Such combination appeared to be
safe and generally well tolerated. However, longer-term trials
are required to establish whether more complete RAAS block-
ade with aliskiren-based therapy translates into improved
clinical outcomes. Aldosterone blockade with spironolactone,
eplerenone or canrenone was shown to improve all-cause
mortality by 20% in patients with heart failure and post-MI
(Ezekowitz and McAlister, 2009). The AHA/ACC guidelines
suggested addition of AAs in selected patients with moder-
ately severe to severe symptoms of heart failure (NYHA III or
IV) and reduced LVEF (Hunt et al., 2009). The ESC guidelines
recommended that low-dose AA should be considered for
patients with LVEF less than 35% and severe symptoms of
heart failure (NYHA III B or IV) (Dickstein et al., 2008). In
patients with chronic kidney disease who are already on ACEI
and ARB, addition of AAs may further reduce proteinuria
(Navaneethan et al., 2009). However, such combination was
associated with increased risk of hyperkalaemia. Most studies
were small and had relatively short duration of follow-up.
Therefore, long-term effects on renal outcomes, mortality and
safety are still largely unknown.

Conclusion

There is ample evidence that RAAS plays an important role in
the pathophysiology of many cardiovascular diseases. RAAS
blockade by ACEI or ARB has greatly improved clinical out-
comes in a wide range of patients. ACEI intolerance is
common, majority of which being attributed to cough. ARB
has evolved to become an effective alternative to ACEI and
may even be used as first line treatment in selected cases. The
aim of ACEI/ARB combination therapy is to overcome the
phenomenon of ‘angiotensin escape’ and provides more com-
plete blockade of the RAAS. However, despite a theoretical
advantage, ‘ACEI/ARB combo’ has not been shown to provide
additional benefits in most patients, with the exception of
systolic heart failure and possibly overt proteinuria due to DN
(Table 7). It should not be routinely prescribed and if indi-
cated, a close monitoring of renal function and potassium
level will be warranted. Further studies are warranted to look
for the optimal strategy of RAAS blockade.

Table 7 Expert guidelines regarding ACEI/ARB combination

CHEP recommendations 2009 Therapy using the combination of an ACE inhibitor and an ARB should only be
considered in selected and closely monitored people with advanced heart failure
or proteinuric nephropathy.

Canadian Cardiovascular Society Consensus 2009 ARBs should be added to an ACE inhibitor for patients with persistent HF
symptoms despite optimal treatment with other recommended drugs.

ACC/AHA guideline 2009 Focused Update: ACCF/AHA
Guidelines for the Diagnosis and Management of
Heart Failure in Adults

The addition of an ARB may be considered in persistently symptomatic patients
with reduced LVEF who are already being treated with conventional therapy.

ESC Guidelines for Diagnosis and Treatment for Acute or
Chronic Heart Failure 2008

Unless contraindicated or not tolerated, ARB is recommended in patients with HF
and LVEF < 40% who remain symptomatic despite optimal treatment with ACEI
or beta blocker.

K/DOQI Clinical Practice Guidelines on Hypertension and
Anti-hypertensive Agents in Chronic Kidney Disease
2004

ACE inhibitors and ARBs can be used in combination to lower blood pressure or
reduce proteinuria.
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