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Abstract: Morbidity and mortality from cardiovascular diseases are still high, even with the 

use of the best available therapies. There is mounting evidence that excessive renin-angiotensin 

system activation triggers much of the damaging and progressive nature of cardiovascular and 

kidney diseases through expression of angiotensin II. Moreover, angiotensin II play a major role 

in the development of end organ damage through a variety of inflammatory mechanisms. Today, 

angiotensins-converting enzyme (ACE) inhibitors and angiotensin II receptor antagonists have 

clearly demonstrated their efficacy in preventing target organ damage and in reducing cardio-

vascular morbidity and mortality in ischemic heart disease (IHD). Moreover, the development 

of angiotensin II receptor antagonists has enabled a large gain in tolerability and safety. 

Several clinical trials have firmly established that these drugs act on the renin–angiotensin 

system, reducing the incidence of coronary events with monotherapy and combination therapy. 

In this review we summarize the role mono- and combined therapy of ACE inhibitors and 

angiotensin II receptor antagonists play in ischemic heart disease. In this respect the review 

will improve ideas for developing new formulations with combinations of these drugs in the 

future.
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Introduction
Cardiovascular research has the ultimate goal of enhancing the ability to understand 

and ameliorate cardiovascular disease. Coronary heart disease is the leading cause of 

death world wide, and 3.8 million men and 3.4 million women die of the disease each 

year. After an acute myocardial infarction, the use of thrombolytic therapy or primary 

percutaneous coronary intervention (PCI) is the most effective strategy for reducing the 

size of myocardial infarct and improving the clinical outcome. The process of restoring 

blood flow to the ischemic myocardium, however, can induce injury. This phenom-

enon, termed myocardial reperfusion injury, can paradoxically reduce the beneficial 

effects of myocardial reperfusion. The most important development in the treatment 

of myocardial infarction and heart failure, is the emergence of agents which are used 

to limit cardiac remodeling and dysfunction via neurohumoral blockade.1 Myocardial 

ischemia and subsequent reperfusion of the ischemic tissue, has been associated with 

various types of injury, including lethal reperfusion injury, myocardial stunning, and 

cardiac arrhythmias. Preventing or reducing these myocardial ischemia/reperfusion 

injuries could improve the beneficial effects of therapies, (such as coronary artery by-

pass grafting, angioplasty, and thrombolytic agents), intended to cause reperfusion of 

ischemic tissue.2 During ischemia/reperfusion, cells may undergo either the process 
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of necrosis or apoptosis. What determines whether a cell 

initiates apoptosis, necrosis or neither process is  presently 

unclear. However, an agent to minimize the amount of viable 

cells that undergo reperfusion-induced death and decrease 

ventricular tachycardia when coronary blood flow is restored, 

may reduce the extent of sudden death, heart failure and 

ventricular remodeling postmyocardial infarction. Currently, 

no agent is universally accepted for the treatment of reperfu-

sion injury.3

Renin–angiotensin system
Cardiovascular diseases (CVD) such as ischemic heart 

disease and atherosclerosis are characterized by endothelial 

dysfunction, a pro-inflammatory state and often also by 

extensive vascular remodeling. The renin–angiotensin sys-

tem (RAS) plays a key role in the pathophysiology of CVD 

and organ damage across the cardiovascular continuum. 

It controls cardiovascular, renal, and adrenal function by 

regulating body fluids, electrolyte balance, and arterial 

pressure. Renin, released in the kidney in response to a 

reduction in arterial pressure, converts angiotensinogen into 

angiotensin I (Ang I), which is then converted to angiotensin 

II (Ang II) by angiotensin-converting enzyme (ACE). Ang II, 

the main peptide of the RAS, participates in the pathogenesis 

of several cardiovascular diseases. Ang II is a pleiotropic 

vasoactive peptide that binds to two specific receptor sub-

types, AT
1
 and AT

2
. AT

1
 predominates in vascular tissues 

and contributes to chronic diseases, such as hypertension, 

atherosclerosis, cardiac hypertrophy, and renal injury by pro-

moting cell growth, inflammatory responses, and fibrosis. The 

molecular mechanisms elicited by AT
1
 activation are common 

to classical cytokines. The AT
1
 receptor is linked to calcium 

mobilization, production of arachidonic acid metabolites, and 

activation of several kinases, such as protein kinase C (PKC), 

phosphotyrosine kinases (PTK), mitogen-activating protein 

kinases (MAPK), and c-Jun amino terminal kinases (JAK). 

AT
2
 expression can be modulated by pathologic states asso-

ciated with tissue remodeling or inflammation. AT
2
 causes 

cardioprotection, vasodilation, renal natriuresis, cell growth 

inhibition, and renal inflammatory cell infiltration. AT
2
 recep-

tor activation leads to stimulation of the kinin/nitric oxide/

cGMP system, phospholipase A
2
, prostaglandin metabolism, 

and protein tyrosine or serine/threonine phosphatases in a 

Gi protein-dependent manner. Although there is much data 

related to Ang II signaling, our understanding of AT receptor 

signaling mechanisms remains incomplete.4–7

Ang II promotes endothelial dysfunction, vascular 

inflammation and remodeling, at least in part, by inducing 

an excessive vascular oxidative stress following upregula-

tion of NADPH oxidase.8,9 Reactive oxygen species (ROS) 

may act as signal transduction messengers for several 

important transcription factors, including NF-kB and AP-1. 

Ang II activates NF-κB, the key nuclear transcription fac-

tor in inflammatory and fibrotic diseases. Activation of 

NF-κB by Ang II may stimulate transcription of numerous 

inflammatory genes, including monocyte chemoattractant 

protein-1 (MCP-1), RANTES (regulated on active normal 

T cell expressed and secreted) and interleukin (IL)-6, tumor 

necrosis factor- α (TNF-α) and transforming growth factor 

(TGF-β). MCP-1 is one of the most important chemokines 

in Ang II induced inflammatory responses.10 In addition 

Ang II stimulates circulating leukocytes and endothelial 

cells, thereby promoting inflammation and interstitial extra-

cellular matrix accumulation.7 Ang II activation may involve 

ROS activation of Akt, NF-kB activates numerous genes, 

including interleukin (IL)-1, IL-6, IL-8, interferon-γ, TNF-α, 

intercellular adhesion molecule-1 (ICAM-1), VCAM-1, and 

the chemokine MCP-1.11

Methods of RAS blockade:  
ACE inhibitors and ARBs
ACE inhibitors (lisinopril, trandolapril, enalapril, benazepril, 

fosinopril, perindopril, quinapril and captopril) decrease levels 

of circulating Ang II by inhibiting ACE.5 However, ACE 

inhibitors do not fully prevent conversion of Ang I to Ang II 

because other enzymes (eg, chymase and cathepsin G) are 

capable of synthesizing Ang II.12,13 Angiotensin II receptor 

blockers (ARBs) (eg, valsartan, losartan, candesartan, 

telmisartan, olmesartan, and irbesartan) act by selectively 

blocking the AT
1
 receptor, thereby directly blocking the 

vasoconstrictor and growth effects of Ang II.13 Selective 

blockade of the AT
1
 receptor has additional cardiovascular 

benefits resulting in vasodilation, growth inhibition, and nitric 

oxide and bradykinin production.12–14 Figure 1 shows the 

complete process of RAS and the different sites of potential 

pharmacological interruption.

The beneficial effects of AT
1
 antagonists in the treatment 

of cardiovascular diseases are due to the following: firstly, 

the selective AT
1
 blockade targets the final common pathway 

for all major detrimental cardiovascular actions of Ang II. 

Secondly, circulating Ang II levels are increased during AT
1
 

blockade, and free Ang II can bind to AT
2
 receptors. The AT

2
 

stimulation counteracts the negative consequences of Ang II, 

presenting favorable effects on tissue growth and repair pro-

cesses, potentially providing additional endorgan protection. 

The other blockers of the RAS are the ACE inhibitors that 
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Figure 1 Schematic representation of the renin angiotensin system and the different sites of potential pharmacological interruption.
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interrupt this system by preventing the conversion of Ang I 

to Ang II, therefore decreasing local Ang II generation. They 

also increase plasma levels of bradykinin, which possesses 

vasodilator and tissue-protective properties.4,5

RAS blockers in clinical use
ACE inhibitors
ACE inhibitors are widely used in the treatment of hyper-

tension, congestive heart failure (CHF) and post ischemic 

myocardial dysfunction. Long term administration of ACE 

inhibitors has been reported to enhance the endogenous 

antioxidant substances.15 In addition to reducing levels of 

Ang II and increasing bradykinin, emerging evidence suggest 

that ACE inhibitors have important implications for vascular 

oxidative stress. On the basis of a link between ACE action 

and vascular NAD(P)H oxidase activity, ACE inhibitors 

represent a novel antioxidant strategy that targets oxidative 

stress at its source.16

ACE inhibitors have been available in clinical practice 

for almost 20 years. Numerous clinical trials have demon-

strated that ACE inhibitors reduce cardiovascular morbidity 

and/or mortality in patients with hypertension, congestive 

heart failure, myocardial infarction, type 1 and 2 diabetes 

and chronic renal failure. The results of the recent Heart 

Outcomes Prevention Evaluation (HOPE) trial have even 

demonstrated that lisinopril could reduce by 22% the inci-

dence of cardiovascular complications (stroke, myocardial 

and cardiovascular deaths) in patients with a high cardio-

vascular risk who are not necessarily hypertensive and 

decrease the incidence of new cases of diabetes. However, 

some large clinical trials are still underway to evaluate the 

potential benefits of ACE inhibitors in other clinical condi-

tions such as the secondary prevention of coronary heart 

disease or the prevention of stroke. Thus, the results of 

the Perindopril Protection against Recurrent Stroke Study 

(PROGRESS), a study that compares the efficacy of an 

ACE-inhibitor-based therapy in the secondary prevention 

of stroke have been published.17 More recently, the results 

of the EUROPA (EUropean trial on Reduction Of cardiac 

events with Perindorpil in patients with stable coronary 

Artery disease) trial have demonstrated that treatment with 

the ACE inhibitor perindopril reduces the cardiovascular risk 

in a low risk population with stable coronary heart disease 

and no apparent heart failure.18

ACE inhibitors are considered to affect heart failure fol-

lowing myocardial infarction as a consequence of a combina-

tion of neurohormonal, hemodynamic, left ventricular (LV) 

structural remodeling and other effects.19 In patients treated 

with captopril, ischemia-related events were reduced dur-

ing the first 3 to 12 months after myocardial infarction (MI) 

but there was rebound phenomenon after the withdrawal of 

treatment. ACE inhibitors containing sulfhydryl groups may 

have additional beneficial effects in scavenging free radicals 

and reducing reperfusion damage.20 Based on the clinical 

trials study, ACE inhibitors can be utilized in hemodynami-

cally stable patients within the first 24 hours after acute MI, 

asymptomatic LV dysfunction after MI, and CHF.21 There 

were no significant benefits when the ACE inhibitor was 

given within the first 3 weeks after MI. Captopril therapy in 

chronically infarcted rats improved cardiac function when 

therapy was started after completion of the healing process. 

Recent studies revealed the beneficial effects of captopril and 
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imidapril on cardiac dysfunction when these ACE inhibitors 

were administered within 1 to 3 hours after the induction of 

MI in rats.22,23 It is pointed out that the major side effects of 

ACE are cough, renal dysfunction and first dose hypotension. 

These effects are due to ACE inhibitors-induced bradykinin 

formation.24

Angiotensin ii receptor blockers
It is now 10 years from the time since the first ARBs were 

introduced for clinical use. Today, seven orally active ARBs 

have been registered by the US FDA. ARBs effectively lower 

blood pressure in hypertensive patients, without affecting 

heart rate, regardless of gender and age. The antihyper-

tensive efficacy of ARBs is comparable with that of other 

first-line antihypertensive agents. The major advantage of 

Ang II receptor antagonists is their excellent tolerability 

profile.25

Three large trials, of which two have been completed, 

have been designed to assess the effects of ARBs on mor-

bidity and mortality in hypertensive patients. The LIFE 

trial (Losartan Intervention For Endpoint Reduction in 

Hypertension) compared a losartan and an atenolol-based 

regimen in 9,193 hypertensive patients with documented 

left ventricular hypertrophy Several short-term clinical 

studies conducted in patients with symptomatic congestive 

heart failure without ACE inhibitors have demonstrated 

the Ang II receptor antagonists exert beneficial hemody-

namic and neurohormonal effects in heart failure. ARBs 

have no influence on glomerular filtration rate, but they 

increase renal blood flow. In diabetic and nondiabetic 

patients, Ang II antagonists have regularly been found to 

lower urinary albumin excretion.27,28 Some ARBs includ-

ing valsartan, candesartan cilexetil, irbesartan, telmis-

artan and losartan, are currently used for the treatment 

of patients with hypertension.29 It has been reported that 

ARBs are not effective as ACE inhibitors in preventing 

cardiac remodeling, but AT
1
 receptor antagonists do have 

the same effect in attenuating cardiac hypertrophy and 

long-term mortality as compared to ACE inhibitors.30 

In normal rat cardiomyocytes, losartan was shown to 

block the increase of Ca2+ and cell beating stimulated by 

Ang II.31 When losartan was administered locally in the 

coronary circulation of dogs, there was a greater increase 

in coronary cross-section area and coronary blood flow, 

than the results observed in the ACE inhibitor (enalapril) 

trial.32 It has been suggested that nitric oxide released from 

endothelial cells of epicardial vessels may be involved in 

this vasodilatory effect of losartan.33–35

ACE inhibitors and the ischemic 
myocardium
ACE inhibitors have been shown to prolong the survival of 

patients after cardiac infarction. Various experiments on the 

cardioprotective effect of ACE inhibitors in the isolated hearts 

of dogs, guinea pig, and rats, revealed that the kinin B2 recep-

tor via activation of the endothelial nitric oxide (NO) synthase 

is involved in the protection against ischemic reperfusion 

injury and reperfusion induced arrhythmia. ACE inhibitors 

have been shown to reduce myocardial ischemia/reperfusion 

injury. This protective effect is produced through an action 

to preserve the peptide bradykinin from rapid degradation, 

rather than by decreasing production of Ang II. The ACE 

inhibitors reduced myocardial ischemia/reperfusion injury 

in an in vivo model using 30 minutes of regional ischemia 

and 2 hours of reperfusion.36,37

The reasons for the lack of effect of ACE inhibitors in 

some studies are not clear. Some studies have showed that 

captopril but not enalapril was protective in the isolated rat 

heart and attenuated lipid peroxidation. Indeed, it has been 

proposed that ACE inhibitors, such as captopril, that possess 

sulfhydryl moieties, are able to act as scavengers or reactive 

oxygen species and as a consequence are protective when 

administered alone.8,38

The question of whether ACE inhibitors are indepen-

dently cytoprotective in experimental acute myocardial 

ischemia without preconditioning remains unanswered. 

However, the recent HOPE trial demonstrated that lisino-

pril reduced risk of death in patients with coronary artery 

disease,39 an effect that appears to be unrelated to blood 

pressure reduction alone. Recently, large clinical trials have 

been designed to study whether the preventive treatment 

with ACE-inhibitors may also reduce the rate of ischemic 

events. One of these is the PEACE (Prevention of Events 

with Angiotensin-Converting Enzyme inhibitiors) study, 

which tests the effect of trandolapril. The molecular mecha-

nisms by which ACE-inhibitors could play a preventive 

role in ischemic events are still unknown. Besides their 

anti-proliferative and anti-atherogenic activities, ACE-

inhibitors are now considered as myocardial and vascular 

‘protective’ agents. ACE-inhibitors, in addition to their 

inhibitory activity on Ang II production, increase the local 

availability of bradykinin, which plays an important role 

in the regulation of the endothelial constitutive nitric oxide 

synthase (eNOS) the enzyme responsible for nitric oxide 

(NO) production. NO, in turn, could have cardioprotective 

effects since it reduces cardiac function and the rate of 

energy expenditure.40
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ACE inhibitors – angiotensin ii receptor 
blockers: a useful combination?
Hypertension is usually associated with concomitant diseases 

such as congestive heart failure, diabetes, MI, diabetic neph-

ropathy, and IHD. In some cases, the concomitant diseases 

are actually due to long-standing hypertension.41 Two or more 

drugs are needed to control blood pressure in the majority of 

patients with hypertension. The most commonly used com-

binations include a diuretic; however, results of two large, 

controlled trials show that better cardiovascular protection 

is provided by a combination of a renin–angiotensin inhibi-

tor and a long-acting calcium-channel blocker (CCB) than 

combinations that include a diuretic. There are a number of 

reasons why combination therapy is becoming more widely 

available and prescribed. Firstly, data from multiple trials 

indicate that two or more drugs are needed to lower blood 

pressure to the target of ,140/90 mmHg for patients with 

uncomplicated hyper tension, and ,130/80 mmHg for the 

majority of the hypertensive population who have concomi-

tant diseases, including diabetes, chronic kidney disease, or 

IHD. Secondly, the combination of two drugs in one tablet 

improves adherence to therapy and a combination will cost 

less than separate prescriptions. Thirdly, the most widely 

prescribed CCB in the US, amlodipine, is now generic and 

therefore, available as an inexpensive and highly effective 

partner to both ACE inhibitors and ARBs. Two ARB and 

amlodipine combinations have been marketed and many 

more are near approval.42,43

A recent review reported a beneficial effect of combi-

nation therapy: for example the addition of losartan with 

trandolapril proved to be better at reducing the primary end 

point. A second study has compared irbesartan vs amlodipine 

vs placebo. The irbesartan was significantly better that the 

placebo group as well as amlodipine in reducing target 

damage. A third study has compared losartan vs atenolol. 

The overall relative risk reduction was better in the losartan 

group than the atenolol group.41 The latest trial comparing 

two different combinations of antihypertensive medication is 

the ACCOMPLISH (Avoiding Cardiovascular Events through 

Combination Therapy in Patients Living with Systolic 

Hypertension) was designed to compare the generally rec-

ommended combination of an ACE inhibitor with a diuretic, 

with the combination of an ACE inhibitor and a CCB. Only 

32% of patients in each group needed additional medication 

to reduce their blood pressure to target. The trial was stopped 

early (mean follow-up 36 months) because of the signifi-

cantly higher morbidity and mortality in the ACE inhibitor 

plus diuretic group. Overall, patients who received the ACE 

inhibitor plus the CCB had a 20% reduced relative risk for 

the primary end point. Results from the ACCOMPLISH 

study suggest that patients receiving an ACE inhibitor plus a 

CCB do better than patients receiving an ACE inhibitor and a 

diuretic.42–44 The major outcome trials suggests that there are 

some agents that do have protective effects on target organs. 

In general, these agents tend to be ARBs or combination of 

ARBs plus ACE inhibitors.41 In order to answer the question 

of whether the combination of ACE inhibitors and ARBs will 

provide benefits over using ACE inhibitors or ARBs alone, 

both experimental animal models of CHF and clinical stud-

ies were designed with a combination of ACE inhibitor and 

ARB therapy. The preliminary results indicate that the agents 

may be additive.45,46

In salt-depleted normotensive volunteers, the combined 

administration of a standard single oral dose of an ACE inhibitor 

(captopril 50 mg) and an Ang II antagonist (losartan 50 mg) has 

been shown to induce an additional blood pressure reduction 

characterized mainly by a longer duration, and to have a major 

additive effect on the reactive rise in plasma renin activity.47 

More recently, the CALM and the COOPERATE studies have 

shown that combining an ARB (candesartan in CALM and 

losartan in COOPERATE) with an ACE inhibitor produces a 

greater decrease in urinary protein excretion in patients with 

type 2 diabetes (CALM) and in patients with non-diabetic 

proteinuria (COOPERATE).48,49 Based on these results, it is 

proposed that a combination of an ACE inhibitor with an ARB 

could achieve a more complete blockade of the RAS than either 

therapeutic approach alone. However, not all antagonists pro-

vide the same degree of Ang II receptor antagonism, at least at 

the recommended starting dose, and a greater reactive rise in 

plasma Ang II levels can be obtained with 150 mg irbesartan 

than with 50 mg losartan.50 However, the use is lacking in acute 

myocardial ischemia/reperfusion.51

ACE inhibition alone is not sufficient to suppress RAS 

activity due to counter-regulatory pathways such as an increase 

in alternatively-formed Ang II and plasma renin activity 

(PRA). The same is true for AT
1
-receptor inhibition with 

ARBs, which leaves the AT
2
-receptor open for stimulation by 

alternatively formed Ang II. In consequence, the combination 

of ARBs and ACE-inhibitors might produce a more complete 

inhibition of the system and enhance bradykinin accumulation 

resulting in increased endothelial NO production.51,52

A recent study reported that ACE inhibitors or ARBs 

are associated with low incidence of postoperative ran-

domized trial of 4016 patients with blood pressure (BP) 

,160/100 mmHg, had been treated with ACE inhibitors 

for .3 months. The patients discontinued ACE inhibitors 
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and switched to losartan. After 1 month the BP decreased to 

7.7/4.7 mmHg, and after 1 year to 13.8/8.7 mmHg. CORD B 

compared ramipril and losartan in 3813 patients with hyper-

tension who were not being treated with an ACEI or ARB. The 

patients were randomised to ramipril (n = 1926) or losartan 

(n = 1887). After 1 year the BP decreased in the ramipril group 

to 21.8/13.7 mmHg and in the losartan group to 22.0/13.3 

mmHg. No significant differences or adverse effects were 

found. Dry cough was more frequent after ramipril.53–55

Several large, randomized, multicenter studies demon-

strated that ACE inhibitors and ARBs are able to retard renal 

disease progression.56 A review demonstrates that significant 

clinical benefit can be derived from ACE inhibitors and ARBs 

even when added to other currently recommended treatment 

strategies in post-MI patients. The favorable effects of RAS 

inhibition on important prognostic markers such as atrial 

fibrillation, renal function, and diabetes have recently been 

unraveled.57

In diabetic patients ACE inhibitors and ARBs both 

effectively lower blood pressure, particularly in combination 

with low-dose thiazide diuretics, and may be considered 

first line therapies in the treatment of diabetic hypertension. 

Blockade of the RAS with these agents appears to play an 

important role not only in protecting from renal disease, 

but may also help to reduce morbidity and mortality from 

certain vascular diseases in diabetic patients.58 In patients 

with acute high-risk myocardial infarction, the Valsartan 

in Acute Myocardial Infarction Trial (VALIANT) trial has 

established that the ARB was as effective as an ACE inhibi-

tor following myocardial infarction. These studies have thus 

provided clinicians with alternatives to ACE inhibitors in 

these important clinical syndromes.59 ARBs have been shown 

to be selective PPAR-ƒÁ modulators. The therapeutic role 

of RAS Blockade in CHF with myocardial hypertrophy and 

heart failure patients, as shown in LIFE, Candesartan in Heart 

failure: Assessment of Reduction in Mortality and morbidity 

(CHARM) and Valsartan Antihypertensive Long-term Use 

Evaluation (VALUE) studies could partly be attributed to 

this pathway.52,60

Left ventricular hypertrophy (LVH) is a crucial prognostic 

factor for morbidity and mortality in ischemic heart disease. 

Experimental data suggest that RAS blockade should reverse 

or inhibit the development of maladaptive LVH. Many stud-

ies, such as HOPE,61 LIFE62 and Optimal Trial in Myocardial 

Infarction with losartan (OPTIMAAL),63 have demonstrated 

significant benefits of ACE inhibitors or ARB monotherapy 

on left ventricular remodeling.64 For instance, when data 

from the HOPE,65 the European trial on Reduction of Car-

diac Events with Perindopril (EUROPA),66 the PEACE67 and 

Quinapril Ischaemic Event Trial (QUIET)68 studies were 

pooled, the authors of the meta-analysis showed, in a total 

of 31,555 patients, ACE inhibitor therapy produced 14% 

reductions in all-cause mortality and myocardial infarction, 

a 23% reduction in stroke, and a 7% reduction in revascular-

ization procedures compared with placebo.52 Recent studies 

have suggested that dual RAS blockade may be superior to 

monotherapy with losartan or ramipril with respect to cardiac 

remodeling in hypertensive patients. However, the VALIANT 

trial, comparing potential benefits of ACE inhibitors and 

ARB combination therapy in patients with reduced systolic 

function after myocardial infarction, showed no difference 

in therapy with captopril.52,69

Several major trials, such as the Cooperative North 

Scandinavian Enalapril Survival Study (CONSENSUS),70 

have clearly shown that ACE inhibitors reduce cardiovas-

cular mortality and morbidity. The Evaluation of Losartan 

in the Elderly (ELITE) II study, for example, compared the 

effects of losartan and captopril in 3,152 patients with heart 

failure and decreased left ventricular ejection fraction. Fur-

thermore, the Randomized Evaluation of Strategies for Left 

Ventricular Dysfunction (RESOLVD) study also indicated 

that combining an ACE inhibitor with an ARB decreased 

blood pressure.52,71–72

An optimal dosage of the three major neuroendocrine 

antagonists, beta-blockers, ACE inhibitors and/or AT
1
-recep-

tor blockers, contributes to improve the prognosis of CHF 

patients.52,73 A meta-analysis of the effect of a combination of 

ACE inhibitors and ARBs vs ACE inhibitors alone on blood 

pressure found that combination therapy with an ACE inhibi-

tor and an ARB reduced ambulatory blood pressure by 4.7/3.0 

mmHg overall compared with 3.8/2.9 mmHg for ACE inhibi-

tor monotherapy and clinic blood pressure by 3.8/2.7 mmHg 

compared with 3.7/2.3 mmHg.74,75  Combination therapy with 

an ACE inhibitor and an ARB is not beneficial in all situations, 

for example acute myocardial infarction with subsequent heart 

failure, as studied in VALIANT. The (ONTARGET) trial com-

pares the relative benefits of ACE inhibitors, ARBs or both in 

the prevention of CHF in patients at risk for this condition.52

It is clear that further, large-scale, controlled clinical 

studies are required to establish the relative advantages of 

combination therapy with ARBs and ACE inhibitors and 

monotherapy with either treatment alone. One such trial is 

the [ONgoing Telmisartan Alone and in combination with 

Ramipril Global Endpoint Trial] ONTARGET, which is inves-

tigating the benefits of combination treatment with telmisartan 

and ramipril. ONTARGET itself and its sister trial Telm-
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isartan Randomized AssessmeNt Study in aCE- iNtolerant 

subjects with cardiovascular Disease ( TRANSCEND) form 

the largest study program to date comparing ARBs and ACE 

inhibitors and therapy in high-risk patients with controlled 

blood  pressure (the ONTARGET program). ONTARGET 

itself, involving more than 25,500 patients from 40 countries 

worldwide, will compare the effect of ACE inhibition with 

high-dose ramipril with that of the ARB telmisartan and a 

combination of the two on a composite of cardiovascular 

death.75,76

In an animal study of heart failure produced by rapid atrial 

pacing, the ACE inhibitor benazipril resulted in improvement 

in myocyte beta-adrenergic response. The combination of 

benazipril and valsartan resulted in changes in the parameters 

that were greater than those obtained with ACE inhibition 

alone. In rats combination therapy has been shown to reduce 

the deleterious effects.77

Since Ang II can be produced by non-ACE pathways unaf-

fected by ACE inhibitors and furthermore, ACE inhibitor treat-

ment results in upregulation of the AT
1
-receptor, combination 

therapy may be necessary to achieve a more complete blockade 

of the RAS than with ACE inhibitors alone.77 In chronic con-

gestive heart failure, ValHeFT and CHARM-ADDED showed 

beneficial effects of dual RAS blockade.52,78 The beneficial 

action of RAS blockade on cardiac function in CHF are con-

sidered to be due to its ability to limit infarct size, enhance scar 

formation and reduce infarct expansion to decrease ventricular 

wall stress and prevent the ventricular remodeling after MI.79 

The complementary mechanisms of action of these 2 drug 

classes also create a strong rationale for combination therapy 

in high-risk patients because Ang II can be produced by non-

ACE pathways that are unaffected by ACE inhibitors, and 

furthermore, ACE inhibitor treatment results in upregulation 

of the AT
1
 receptor. Thus, combination therapy with ARBs and 

ACE inhibitors may be necessary to achieve more complete 

RAS blockade than can be achieved with either agent alone. 

Adequately powered comparative trials are needed to define the 

relative benefits of ARBs and ACE inhibition.75

Conclusion
This review article points to a need for more in depth under-

standing of the role of ACE inhibitors and ARBs in the car-

diovascular system, especially in ischemic heart disease. Both 

ACE inhibitors and ARBs interfere with the activity of the RAS 

in a different way. Theoretically, one might expect beneficial 

effects when they are used in combination, as a more complete 

suppression of the RAS can be achieved. Several controlled 

trials have demonstrated that combination therapy could have 

additional benefits in hypertensive patients, in chronic heart 

failure patients, and in both  diabetic and nondiabetic neph-

ropathy patients. However, the clinical benefit was not always 

as pronounced as expected and not every patient will benefit 

from dual blockade of the RAS. There is some evidence of 

a less pronounced effect of combination therapy when a full 

dose of the ACE-inhibitor is given. Several studies have now 

demonstrated the physiological and pathological functions 

of Ang II in cardiovascular diseases. Blockade of RAS with 

effective drugs will provide protection against organ damage 

through inhibition of Ang II production. However, it is well 

known that ACE-inhibitors cannot completely suppress the 

formation of Ang II, in particular, when the RAS is activated. 

Indeed, clinical trials indicated that add-on therapy with an 

ARB was especially of use when the RAS remained activated 

despite full-dose ACE-inhibitor treatment. In summary, com-

bination of a full-dose ACE-inhibitor and an ARB can be a 

rational choice in selected patients. However the mechanism 

of action of combined therapy of ACE-inhibitor and an ARB 

remains unproven. More research is required (in both animals 

and humans) with combined therapy.
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