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Calcific aortic valve disease is common, affecting 25% of adults over the age of 65 years,
with progression to severe valve obstruction resulting in more than 50 000 aortic valve
replacements annually in the United States. “Degenerative” calcific aortic valve disease was
thought for many years to be a passive accumulation of calcium binding to the aortic surface
of the valve leaflet. Now, convincing data indicate aortic stenosis is an active disease
process with a distinctive histological appearance, associated clinical factors, and variable
disease progression, which suggests this disease may be amenable to medical therapy to
prevent or slow disease progression.

Aortic valve disease is an active cellular process ranging from aortic sclerosis (a process
similar to early atherosclerosis) to severe calcification with bone formation and valve
obstruction.1–3 Ex vivo studies have defined the cellular markers and potential signaling
pathways important in the progression of this disease. Early valvular sclerotic lesions
demonstrate a chronic inflammatory cell infiltrate (macrophages and T lymphocytes), lipid
accumulation (apolipoprotein [apo] B, apo(a), and apoE), and α-actin–expressing cells in the
lesion and adjacent fibrosa. End-stage calcified valves contain mature lamellar bone2 with
expression of specific bone markers important in the development of osteoblast bone
formation.3 In addition, angiotensin-converting enzyme (ACE) and angiotensin II type 1
(AT1) and type 2 (AT2) receptors are present in stenotic aortic valves, implicating this
signaling pathway in the disease process.4

These observations are analogous to the cellular findings in vascular atherosclerosis and
corroborate epidemiological studies that showed similar associations of clinical risk factors
with both atherosclerosis and aortic valve disease.5 Our understanding of the biological
mechanisms that result in calcification of valve leaflets has led to the hypothesis that
targeted drug therapy might prevent slow disease progression. (Figure) Two of the leading
candidates for drug therapy are HMG-CoA reductase inhibitors (statins) and ACE inhibitors.
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The hypothesis that lipids contribute to the development of valve calcification and stenosis
can be tested in emerging experimental models.6,7 In addition to a lipid-lowering effect,
statins have other beneficial effects in vascular atherosclerosis, including modification of
endothelial function, decreased inflammation via inhibition of macrophage activation, up-
regulation of endothelial nitric oxide synthase (eNOS), and inhibition of smooth muscle cell
proliferation.8 Experimental models suggest that statins might have similar effects in valve
tissue, with demonstration of a decrease in atherosclerotic effects, a reduction in osteoblast
gene markers, and inhibition of calcification via upregulation of eNOS.9 Although
laboratory models allow detailed evaluation of the effects of blocking these pathways in a
controlled setting, determination of the long-term clinical effects of targeted medical
therapy, in the milieu of the other clinical and genetic factors that may affect disease
progression and clinical outcome, requires evaluation in patients with calcific valve disease.

In this issue of Circulation, Rosenhek and colleagues10 evaluate the effects of statin therapy
in a retrospective study of 211 adults with varying degrees of aortic stenosis. The data
convincingly demonstrate a significantly lower rate of disease progression in those treated
with a statin compared with those not taking statin therapy. The magnitude of the effect of
therapy is similar to that in previous studies, with all showing an ≈50% annual reduction in
measurable disease progression, whether quantified by Doppler echocardiographic jet
velocity or valve area or by electron-beam tomographic valve calcium scores (Table).11–15

One unique aspect of the present study is the inclusion of patients with severe stenosis and
the demonstration that disease progression is reduced across the range of disease severity.
Although encouraging, this is a somewhat surprising finding given the extensive valve
calcification seen in end-stage disease, a process that appears less amenable to intervention
than the early valve lesion.

The mechanism of the effect of statins on the disease process in the aortic valve remains
unclear. The rate of disease progression was linked to serum LDL levels in only 2 of these 6
studies.11,14 The others postulate that the discordance between disease progression and
serum lipid levels indicates that antiinflammatory effects of statins are more important than
lipid-lowering effects in calcific valve disease. Clarification of the mechanism of the
association between statin therapy and the rate of disease progression will be crucial to
effectively tailor therapy for this disease process.

The study by Rosenhek et al10 also is the first large series to evaluate the effect of ACE
inhibitor therapy on aortic stenosis progression. ACE inhibitors interfere with the renin-
angiotensin system and exert beneficial actions on vascular tissues beyond their blood
pressure–lowering effects. ACE inhibitors reduce atherogenesis in experimental models both
by inhibiting the conversion of inactive angiotensin I to active angiotensin II and by
decreasing bradykinin levels, which in turn releases nitric oxide, resulting in improved
endothelial function and a decrease in smooth muscle cell proliferation.16

In the study by Rosenhek et al,10 there was no significant difference in disease progression
in patients taking ACE inhibitor therapy compared with those not taking an ACE inhibitor,
despite careful consideration of the effects of coexisting hypertension. Although these data
are discouraging, it would be appropriate to evaluate ACE inhibitor therapy in other
retrospective databases and in animal models before concluding this therapy is ineffective.
Hemodynamic effects of ACE inhibitors might obscure the effects at the tissue level by
changing the flow conditions across the valve.17 Other considerations include the relative
tissue effects of different ACE inhibitors, timing of therapy in the disease process, and the
sample size needed to demonstrate an effect that may be clinically significant over a longer
follow-up interval. In addition, ACE inhibitors might impact long-term clinical outcome by
other mechanisms, for example, by modulation of the left ventricular response to chronic
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pressure overload.18 In any case, the observation that 63% of these consecutive patients with
aortic stenosis were already taking ACE inhibitor therapy has significant implications for
design of future clinical trials.

We are making progress toward medical therapy for calcific valve disease, but the studies to
date are not ideal. All of these publications are based on nonrandomized, retrospective
databases, which have many well-known limitations. However, the impressively lower rate
of disease progression in patients taking statin therapy in 6 different databases, even with
these small, possibly biased patient groups, provides compelling justification for further
investigation of this potential therapy. Ultimate proof of the efficacy of statin therapy in
adults with aortic stenosis will depend on prospective clinical trials; these retrospective
studies establish an association but not a cause-and-effect relationship.

At least 2 prospective, randomized, placebo-controlled multicenter studies of lipid-lowering
therapy to prevent disease progression in aortic stenosis are in progress: the Aortic Stenosis
Progression Observation: Measuring Effect of Rosuvastatin (ASTRONOMER) study in
Canada and the Simvastatin and Ezetimide in Aortic Stenosis (SEAS) study in Europe
(personal communication from K.L. Chan, 2004; and Rossebo et al19). We should await the
results of these trials to determine whether it will become appropriate to prescribe statin
therapy routinely in patients with calcific valve disease.

We also need to keep an open mind about what therapies might be most effective for calcific
valve disease. Inhibition of lipid accumulation and the effects of ACE inhibitors in the valve
tissue are the first pathways to be studied; however, other more specific therapies targeting
endothelial disruption, inflammation, or tissue calcification may be more effective. Therapy
may need to be tailored to the stage of the disease process; some interventions may prevent
initiation of the disease process, whereas others may be more effective in slowing calcium
accumulation in end-stage disease. Experimental models are critical to define the disease
process and timing of therapy and for development of future clinical trials for aortic valve
disease. In the meanwhile, we should continue to evaluate cardiac risk profiles in all our
patients, particularly those with calcific valve disease, and institute appropriate primary and
secondary preventative measures in accordance with national and international clinical
guidelines.
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1. .
Important cellular pathways involved in development of aortic valve calcification, with
potential targets for drug therapy outlined in red. ACEI indicates ACE inhibitor.
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