REVIEW

Role of the angiotensin Il
receptor blocker valsartan
in heart failure

Randy L Webb PhD', Marc de Gasparo MD?
"Metabolic and Cardiovascular Diseases, Novartis Pharmaceuticals Corporation, Summit, New Jersey, USA,
and *Rossemaison, Switzerland

RL Webb, M de Gasparo. Role of the angiotensin II receptor
blocker valsartan in heart failure. Exp Clin Cardiol
2001;6(4):215-221.

Despite an enormous amount of research carried out in the past
10 to 20 years, the role of the renin-angiotensin system in the
development of heart failure is still not very well understood. This
review looks at preclinical data on the role of angiotensin II as a
circulating and local hormone, and the effects of stimulation of the
respective receptors in heart tissue. Recent large scale clinical
trials have begun to furnish evidence of the effects of blocking the
renin-angiotensin system in patients with heart failure using

angiotensin-converting enzyme inhibitors or, more recently,
angiotensin II receptor blockers that act directly at the receptor
level, independent of pathways for angiotensin II generation.
Results so far indicate that there are benefits from optimizing the
blockade, but open questions remain, such as the role of endothelin
and bradykinins, and the extent of crosstalk between the different
systems.
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he condition of heart failure (HF) has been known from

early human history, but its importance as a killer in
early times was probably minor and has grown with the in-
crease in the average human life span and prosperity. Today,
in the prosperous world, the overall prevalence of HF is
greater than 100/1000 people over 65 years of age. HF is re-
sponsible for around 2% of total healthcare costs and the
numbers are rising. Hospital admission rates in the United
States, United Kingdom and Scandinavia have doubled in the
past 10 to 15 years (1). This steady increase is unique for a
major cardiovascular disease (2,3).

The main risk factors for HF are well known: smoking,
hypertension, atherosclerosis and diabetes. About 80% of all
HF events occur in persons in the upper quintile of multivari-
ate risk (4). The Studies of Left Ventricular Dysfunction

(SOLVD) reported that 75% of the cases of chronic HF in
male white patients could be attributed to coronary artery dis-
ease (5). Genes also seem to play a part: African-Americans
have over twice the mortality rate of whites (6).

Hypertension has long been associated with HF. In the
Framingham heart study, hypertension and coronary artery
disease accounted for 90% of cases of HF (7). The correlation
between high blood pressure and cardiovascular disease is
valid regardless of age, ethnicity and sex (8). Treatment of
high blood pressure has been described as one of the major
medical highlights of the past half century (9), and though the
historical focus has usually been on diastolic blood pressure,
recent epidemiological work has shown that both systolic
and diastolic blood pressure are important determinants of
cardiovascular risk (10).
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TABLE 1
Effects of angiotensin Il related to the development of
heart failure

Vascular * Vasoconstriction
e Vascular smooth muscle cell growth
* Endothelial dysfunction
* Cholesterol uptake into vessels
Kidney and * Aldosterone release

adrenal gland  « Na™ retention and K™ loss
Brain * Modulation of central sympathetic outflow
* Inhibition of baroreceptor reflex
* Vasopressin release with water retention
Heart * Ventricular remodelling
* Myocyte hypertrophy
* Increased interstitial collagen formation
and matrix stimulation

ROLE OF THE RENIN-ANGIOTENSIN SYSTEM
A common denominator in hypertension, atherosclerosis
and HF is the renin-angiotensin system (RAS). Components
of the RAS have a multitude of activities, both local and
global, and though interfering with the RAS is among the

most widespread strategies to lower blood pressure, many
beneficial effects from treatments that interfere with the
RAS appear to be independent of the resulting changes in
blood pressure. It has long been known that all blood
pressure-reducing agents are able to prevent heart disease,
but, at least in monotherapy, only antihypertensive drugs that
act on the RAS are of notable benefit to patients once HF oc-
curs (11).

The vasoactive peptide angiotensin II (Ang II) is the
central molecule of the RAS, with a multitude of actions
(Table 1) (12). Ang II mediates increases in blood pressure
and stimulation of cell growth, cell regeneration and choles-
terol uptake into blood vessels (13-15). Both the antihyper-
tensive and the protective effects of RAS modulators are
related to their influence on Ang II actions.

The role of Ang II in HF, as in hypertension, is complex,
and it is a safe assumption that new interactions and interde-
pendencies will continue to be described for several years
yet. Two distinctions are important to keep in mind when as-
sessing the effect of Ang Il in a given setting (Figure 1):

e Ang II can act as a circulating hormone or as a local
hormone. Circulating Ang II is synthesized from the
precursor angiotensin I by the angiotensin-converting
enzyme (ACE). Vascular ACE is upregulated in HF
(16,17), but the pathways for Ang II formation may
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Figure 1 Schematic representation of the synthesis pathways and some of the actions of angiotensin II. ACE Angiotensin-converting enzyme;
AT, Angiotensin 11 type 1; AT, Angiotensin II type 2; PGI, Prostacyclin
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differ depending on whether production is global or
local. Interfering with one aspect of Ang II synthesis
may not affect other pathways and actions.

o The actions of Ang II are mediated by two receptors,
type 1 (AT)) and type 2 (AT,), which have often
opposing effects (reviewed, for example, by de Gasparo
et al [18] and Unger et al [19,20]). Thus, the effects of
Ang II in a given tissue depend on the distribution
pattern of the two receptors in that tissue.

The situation is complicated by the fact that Ang II is in-
volved not only in the processes that lead to hypertension and
atherosclerosis but also in the responses to these phenomena.
A recent study of men with hypercholesterolemia showed
that Ang II receptor density in platelets increases, and thus
the biological effects of Ang II are enhanced, in hypercho-
lesterolemia (21). Cholesterol-lowering treatment reduced
Ang II receptor density and reversed the increased blood
pressure response to Ang Il infusion. Similar feedback loops
exist in the buildup to HF: Ang II as a circulating hormone
can induce hypertension (through stimulation of aldosterone
and arginine vasopressin release and an increase in vascular
resistance). The development of left ventricular hypertrophy
in response to Ang Il-induced hypertension is associated
with a local activation of the RAS (22). Such feedback loops
aggravate the effects of cardiac hypertrophy.

ACE INHIBITION IN HF

Probably the most successful treatment for HF during the
past 20 years has been ACE inhibition. Since the first trial,
the Cooperative North Scandinavian Enalapril Survival
Study (CONSENSUS), in 1987 (23), the efficacy of ACE
inhibitors has been proved in a number of clinical trials. A
recent meta-analysis of five large trials (Survival and Ven-
tricular Enlargement study [SAVE], Acute Infarction Rami-
pril Efficacy study [AIRE], Trandolapril Cardiac Evaluation
[TRACE], SOLVD treatment and SOLVD prevention), in
which a total of 12,763 patients were studied, reported an
overall 28% reduction in death, myocardial infarction and
hospital admission for HF in patients with left ventricular
dysfunction after myocardial infarction treated with ACE in-
hibitors. Benefits increased with the degree of left ventricular
dysfunction (24). On the basis of these studies, ACE inhibi-
tors are recommended as first choice treatment of HF
(24,25).

Despite these clear effects on mortality, long term sur-
vival rates with ACE inhibitor treatment of HF remain low.
In the major clinical trials with ACE inhibitors, four-year
mortality was almost 40% (5,26). Ang II concentrations in
the ventricles are reduced less than those in the atrium by
ACE inhibitors, and during chronic therapy the reduction in
Ang II concentrations tends to become less pronounced or
even to disappear completely (Figure 2) (27-29).

One of the possible reasons for this only partial efficacy is
that ACE inhibitors act on the major synthesis pathway for
Ang II as a circulating hormone but have no effect on the al-
ternative routes to local Ang II formation. This leaves a ma-
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Figure 2 Plasma angiotensin 1l (Ang II) concentrations in patients
during long term angiotensin-converting enzyme (ACE) inhibitor
therapy. Adapted from reference 27. H Hours

jor source of local Ang II unaffected by the treatment,
particularly in the heart itself.

WHAT ACE INHIBITORS IGNORE:
LOCAL PATHWAYS FOR ANG Il FORMATION

Local Ang II production in myocardial tissues is associ-
ated with synthesis pathways involving serine proteases, the
most common of which is chymase. Several investigators
have reported chymase activity in the heart and coronary ar-
teries (29-31). Daemen and Urata (32) found chymase in the
normal adult human myocardium and showed that produc-
tion is upregulated in the healing tissue after myocardial in-
farction. The chymase pathway is also important in other
organs: in the kidney, findings from in vitro systems indicate
that at least 40% of Ang I is converted to Ang II by pathways
other than ACE, presumably a chymase (33). Preliminary
data indicate that the non-ACE pathway may be substantially
larger in disease states such as diabetes mellitus (33).

These alternative pathways for Ang II formation are not
identical among species. Chymase-like activity is widely dis-
tributed in multiple tissues in baboons after Ang I treatment
(34), but the pathway is not present in animals such as
rodents or rabbits (35). A third class of Ang II-forming en-
zymes is the kallikrein type, which forms bradykinin as well
as Ang I, depending on pH conditions, and is seen, for exam-
ple, in the human leg (36).

Very recently Tipnis et al (37) described a human homo-
logue of ACE that is insensitive to normal ACE inhibitor
treatments. This enzyme is expressed predominantly in heart,
kidney and testis, and thus may well contribute to local
Ang II formation under ACE inhibitor therapy.

Molecular studies have shown the role of locally acting
Ang 1II in processes leading to HF. The development of left
ventricular hypertrophy is associated with the activation of
several genes, including a set of fetal genes that are normally
inactive in the adult heart (38-40). Left ventricular hypertro-
phy is associated with a 14-fold increase in the risk of HF in
those aged 65 years or under (41). Other changes are collagen
deposition, loss of cardiac myocytes and the proliferation of
fibroblasts. All these changes increase the risk for HF and all
are regulated by Ang II (42-46). In addition, the risk of vessel
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Figure 3 Effect of combination treatment with benazepril and val-
sartan on aldosterone concentrations in pigs with pacing-induced
heart failure. Adapted from reference 72

thrombosis is greatly increased by two Ang II-mediated ef-
fects: the increased aggregation of platelets (47,48) and the
stimulated expression of plasminogen activator inhibitor 1 in
endothelial cells (49).

The role of local Ang II in the buildup to HF associated
with cardiac hypertrophy has been elegantly shown in vivo
by Paradis et al (50) in transgenic mice harbouring cardiac
myocytes that overexpress Ang II. Local production of
Ang IT had no effect on systolic blood pressure or heart rate,
but the animals displayed significant cardiac hypertrophy
and remodelling, with increased interstitial collagen forma-
tion and expression of ventricular atrial natriuretic factor.

THE CASE FOR ANG Il RECEPTOR BLOCKADE

If ACE inhibition is insufficient to reduce Ang II concen-
trations in the heart, the alternative approach is Ang Il recep-
tor blockade. Blocking the action of Ang II at the receptor
level not only offers an additional, pathway-independent re-
duction in Ang II-mediated effects but also can specifically
target the receptor responsible for the deleterious actions. Of
the two Ang II receptors, AT, and AT,, most deleterious
Ang II effects are mediated by the AT, receptor. These in-
clude such actions as induction of aldosterone release, and
the stimulation of collagen production and cell proliferation.
In the heart, AT, receptor activation is involved in the devel-
opment of myocardial fibrosis (51) and the induction of ven-
tricular arrhythmias after reperfusion (52). Ang II receptor
expression has been shown to be upregulated in cardiomyo-
cytes after myocardial infarction or in congestive HF (53-
55). Through the AT, receptor, Ang II also induces ‘late’
markers for cardiac hypertrophy, skeletal alpha-actin and
atrial natriuretic factor expression (40,56).

Angiotensin receptor blockers (ARBs) such as valsartan,
losartan, candesartan, irbesartan, telmisartan and others,
which have been the subject of great interest in the past dec-
ade, are gaining ground in the treatment of hypertension.
ARBs are at least as effective as ACE inhibitors at reducing
hypertension but have a lower incidence rate of adverse ef-
fects (57). There is also scope for greater end-organ protec-
tion: ARB treatments seem to carry a lower risk for kidney
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complications than ACE inhibitors because glomerular blood
flow is unchanged (58-60). At the molecular level, the action
of ARBs is independent of Ang II-generating pathways.

Another possible advantage relevant to HF treatment is
that the selective affinity for the AT, receptor leaves the AT,
receptor unblocked. Stimulation of AT, is associated with
several beneficial effects such as local nitric oxide and
bradykinin production (20,61-64), and with reducing cell
proliferation and inducing apoptosis (65,66). AT, receptor
stimulation also seems to affect the downregulation of AT,
receptor expression by crosstalk between these receptors
through some as yet unknown mechanism (67). It has been
suggested that the selective blockade of AT, increases local
concentrations of Ang Il and stimulation of the AT, receptor,
a benefit specific to selective ARBs (68-70).

Selective AT, receptor blockade has been shown to inhibit
several of the Ang Il-associated phenomena seen in HF. In
myocyte cultures, induction of immediate-early genes, late
genes and growth factor genes by Ang I1 is fully inhibited by
AT, receptor blockade but not by treatment with an AT, re-
ceptor antagonist (56). Cerbai et al (71) reported that an
eight-week treatment of old (18 months) spontaneously hy-
pertensive rats with ARBs prevented the development of
myocyte hypertrophy and associated electrophysiological al-
terations. There are also positive effects on arrhythmias: the
number of ventricular premature beats after reperfusion in
mice is reduced by AT, receptor blockade (52).

ARBs IN THERAPY: ALONE OR IN COMBINATION?

The current consensus on HF therapy is that a single
medication is less effective than a combination of several
drugs. In the case of ARBs, there is a strong rationale for
complementing the global action of ACE inhibitors with the
local ACE-independent effects, especially AT, stimulation,
from selective ARBs such as valsartan. For valsartan, there is
a substantial body of preclinical work from different areas
showing that adding valsartan to ACE inhibitor treatment
leads to additional effects not seen in monotherapy.

For example, in a pig model of HF, concomitant ACE in-
hibition and highly selective AT, receptor blockade (benaze-
prilat and valsartan) led to greater reduction in vascular
resistance than ACE inhibition alone (72,73). The same in-
vestigators also reported, in a similar model, that the combi-
nation of benazeprilat and valsartan normalizes myocyte
action potential duration; again, these effects were not
achieved by monotherapy (74).

There are also promising results in humans from clinical
pilot studies. Stergiou et al (75) treated 20 patients (who after
six weeks of ACE inhibitor monotherapy still had uncon-
trolled ambulatory diastolic blood pressure) with benazepril
(20 mg once daily) and valsartan (80 mg once daily) and
showed a significant antihypertensive effect with a benefit
over placebo for average 24 h ambulatory blood pressure
(P<0.01). Pulse rate was unaffected. In a six-week study
more specifically related to HF, Baruch et al (76) in 1999
studied 83 patients with HF in New York Heart Association
(NYHA) functional class II to IV. The investigators added
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valsartan (80 or 160 mg bid) or placebo to patients’ usual
ACE inhibitor regimen. The addition of valsartan had acute
and long term additional effects on pulmonary capillary ar-
tery wedge pressure and diastolic pulmonary artery pressure,
and led to an additional reduction in aldosterone and plasma
noradrenaline concentrations (Figure 3).

VALSARTAN IN HEART FAILURE TRIAL

Valsartan in Heart Failure Trial (Val-HeFT) was recently
completed, and the results from analyses are starting to
emerge. This trial, initiated in 1997 and designed specifically
to detect mortality and the combined endpoint of morbidity
and mortality, enrolled 5010 patients from 300 centres in 14
European countries, South Africa and the United States.
Val-HeFT is the biggest study undertaken on the use of an
ARB (valsartan) in addition to standard treatment (including
ACE inhibitors) for patients with HF (77,78).

In Val-HeFT, all patients enrolled have chronic stable HF
(NYHA class I to IV) with an ejection fraction less than 40%
and a left ventricular diameter (end-diastolic) greater than
2.9 cm/m”. All subjects were receiving standard HF therapy
before and during the trial: approximately 93% of the popu-
lation followed an ACE inhibitor regimen while about 35%
were treated with beta-blockers. Valsartan was given in addi-
tion to the current treatment in a forced titration scheme with
doses of 40, 80 and 160 mg bid.

The hypothesis behind Val-HeFT was that addition of the
highly effective ARB valsartan to usual therapy for HF
would result in more specific and complete blockade of the
RAS, additional benefits to the proven efficacy of ACE in-
hibitors and a further reduction in morbidity and mortality.
The study was designed with a 90% power to detect a 20%
difference between the two treatments for the endpoint ‘time
to death’. Three secondary endpoints will provide insight
into effects on cardiac structure and function, disease pro-
gression and quality of life.

The reports from Val-HeFT so far (79) have been favour-
able: valsartan did have a statistically significant benefit, re-
ducing morbidity and mortality in the total patient population
by 13.3% (P=0.009). The risk reduction for hospitalizations
was 27.5% (P=0.00001). In the subgroup of patients not on
ACE inhibitor therapy, the reduction in morbidity and mor-
tality from valsartan was 44.5% (P=0.0002).

These data show that there are significant benefits to be
had from adding valsartan to existing treatments for HF.

A second ongoing smaller study of related design is a
substudy of the Candesartan in Heart Failure-Assessment of
Reduction in Mortality and Morbidity (CHARM), where
2300 patients are being given the ARB candesartan in combi-
nation with ACE inhibitor treatment (80). CHARM is
planned to end in late 2002.

LIFE AFTER Val-HeFT: OPEN QUESTIONS
Val-HeFT will continue to generate data for quite some
time. In addition to the presented data on morbidity and mor-
tality, analyses comparing ACE inhibitor monotherapy with
combination treatment are expected to provide information
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about other factors in HF, such as the role of bradykinins.
Bradykinins can be beneficial because they mediate vasodi-
lation through increased production of nitric oxide and have
antigrowth properties (81). Some of the benefits from ACE
inhibitor treatments in HF have been attributed to the in-
creased bradykinin concentrations (82-87), but local brady-
kinin synthesis can also be stimulated by Ang II through
activation of the unblocked AT, receptor (63,69,88). Similar
crosstalk seems to be involved in the regulation of endothe-
lins, which also seem to have a role in cardiac remodelling
(44). The potential of endothelin receptor blockers such as
bosentan in treatments is being evaluated (89).

The large scope for crosstalk between all these systems is
a strong argument for combination therapies in the treatment
of HF. Val-HeFT showed the combination of valsartan and
ACE inhibitor to be effective in reducing local Ang II con-
centrations further than monotherapy, which is a significant
step toward both greater understanding of the pathogenesis
and better survival after the advent of HF.
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