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Current thought regarding the progression of calcific aortic stenosis
(AS) is presented. After summarizing contemporary ideas about AS
pathogenesis, the present article examines the factors that may
affect disease progression. Data indicate that this process may be

accelerated by aortic valve structure, degree of valvular calcifica-
tion, chronic renal insufficiency and cardiovascular risk factors such
as diabetes and dyslipidemia. Finally, the present review discusses
potential therapeutic targets to slow AS progression.
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alcific aortic stenosis (AS) is the most common valvular

lesion in the elderly and results in more than 50,000 aor-
tic valve replacements each year in the United States (1,2).
Advancing from the base of the cusps of the aortic valve to the
leaflets, this slowly progressive disease eventually reduces
leaflet motion and valve area (3). Associated with a life
expectancy of less than five years, patients with severe, symp-
tomatic AS generally have poor outcomes, and surgical correc-
tion is the only recommended treatment (3,4). Meanwhile,
recommended treatment for asymptomatic AS patients is fre-
quent monitoring for disease progression and symptom devel-
opment, given the highly variable rate of AS progression (3).
While the average rate of reduction of aortic valve area (AVA)
in AS patients is approximately 0.10 cm? per year, the reduc-
tion in AVA may be as great as 1.0 cm? per year (5,6). The
pathological processes leading to AS and AS progression have
similarities to the atherosclerotic process and are potentially
modifiable. After discussing AS pathogenesis, the present arti-
cle explores the variables affecting the progression of calcific
AS and highlights potential therapies and management issues.

AS PATHOGENESIS

Analysis of potential secondary prevention strategies requires a
basic overview of AS pathogenesis, an area in which medical
thought has rapidly evolved. The ‘wear and tear’ theory, in
which repeated mechanical stress and hemodynamic forces
purportedly lead to valve injury and passive calcification,
served as the conventional explanation for AS (7-9). While
evidence of more rapid progression of disease in patients with
bicuspid valves than those with tricuspid valves suggests that
increased mechanical stress may serve as an initiating factor,
current theories suggest that AS pathogenesis involves active
cellular and inflammatory processes, a notion justified by the
histological similarities of AS to coronary artery disease
(CAD) (10,11).

Pathogenesis of calcific AS involves a multistage process in
which inflammatory tissue milieu, atherosclerotic-like lesions,
osteoblastic transformations and calcification processes each

play roles in disease development (12-15). Cardiovascular risk
factors, genetic characteristics and proinflammatory cytokines
may help produce an inflammatory tissue environment that
disrupts the endothelial layer of the aortic leaflets in a mecha-
nism similar to that in atherosclerosis (14). These sclerotic
valvular lesions present with a chronic inflammatory cell infil-
trate, which can include macrophages, T-lymphocytes, alpha-
actin-expressing cells, and the deposition of apolipoproteins B,
(a) and E,. After being taken up by macrophages, oxidatively
modified low-density lipoproteins (LDLs) have been found to
become foam cells, which act in ways similar to atherosclerotic
lesions (16). The fact that angiotensin-converting enzymes
(ACEs) and angiotensin type-1 receptors have been found in
sclerotic lesions, along with evidence that sclerotic aortic
valve tissue upregulates ACE expression, suggests that ACE is
active in AS lesions (17,18). Leukocytes may then induce
myofibroblast activation and cellular proliferation through the
release of pro-inflammatory cytokines (19,20). Bone-associ-
ated cytokines and matrix metalloproteinases may then trigger
the osteoblastic transformation of valvular tissue, neoangio-
genesis and calcification (14). Lrp5, a coreceptor of the family
of LDL receptors, has been found to regulate cellular prolifera-
tion and bone formation in the aortic valve (21,22). Genetic
bone markers have been found to be important in the develop-
ment of osteoblast bone formation, a process that precedes cal-
cification (23).

Given these discoveries, the next phase of research
involves further clarification of the signalling mechanisms
involved in progressive valvular calcification, a major aspect
of AS pathology (24). Studies have thus far shown relation-
ships between osteopontin messenger RNA expression and
valvular calcification (25,26). Patients with abnormal min-
eral metabolism, such as those with Paget’s disease, have
been found to have more rapid disease progression (27).
Genetic factors, such as those related to vitamin D receptors,
interleukin-10, connective tissue growth factor and chemokine
receptor-5 appear to impact the process of calcification
(28,29). Advances that clarify our understanding of these
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TABLE 1
Factors associated with calcific aortic stenosis
progression with supporting literature

Clinical factor References

Age 43-47

Aortic valve area 6,48,59,67

Aortic valve calcification 48,56

C-reactive protein 49,70-74

Coronary artery disease 34,43,55,57

Calcium: Elevated serum values, 6,47,58,62
supplementation

Diabetes mellitus 34,35,50

Dyslipidemia 6,34,39,40,42,50,57,64,65

Hypertension 50,53-54

Left ventricular mass index 48

Left ventricular outflow tract velocity 6,51,66

Mitral annular calcification 44,63

Obesity 55

Renal failure and elevated serum creatinine 6,47,58-61

Sex (male) 44,47-52

Smoking 6,32,34,50,55

Valve structure 11,68,69

pathogenetic processes will facilitate the development of sec-
ondary prevention strategies.

FACTORS ASSOCIATED WITH THE

PROGRESSION OF CALCIFIC AS
AS pathogenesis contextualizes our discussion of AS progres-
sion because of the similarities between the AS and athero-
sclerotic disease processes, which are features that may explain
why AS shares many risk factors with CAD. For instance, the
development of AS has been associated with age, sex, hyper-
tension, smoking, diabetes mellitus and dyslipidemia, includ-
ing elevated total cholesterol, elevated LDL, elevated
triglycerides and elevated lipoprotein(a) (3,30-42). These fac-
tors may have an effect on the progression of calcific AS as
well. Our goal is to provide a thorough analysis of the studies
regarding AS progression so that the correlations between this
pathology and atherosclerosis can be better explored. Table 1
presents the factors associated with the progression of calcific
AS and the literature relevant to each.

Age and sex

Older AS patients have a faster rate of disease progression than
their younger counterparts. One of the earlier studies on this
subject, by Peter et al (43), found that approximately one-half
of the patients with initially mild or moderate AS had an
increase of the pressure gradient across the valve of 10 mmHg
or greater. Progression was faster in older populations
(P<0.01). While conflicting data exist, other studies have
shown that older age is associated with faster disease progres-
sion in patients with congenital AS, mild or moderate AS, as
well as chronic renal failure (44-47).

Studies have provided strong data to suggest that the rate of
AS progression is faster among men than among women.
Rapidly progressing AS populations have been found to have
larger proportions of men (P<0.01), and decreases in AVA per
year being found to be significantly greater in men 60 to
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74 vyears of age than in women in the same age group
(P=0.025) (44,48). Others have come to similar conclusions,
and this result has been reproduced in hemodialysis patients
(47,49-50). Although two studies have found that sex was not
a predictor of progression to a level of statistical significance,
in general the data suggest otherwise (51,52).

Atherosclerotic risk factors and smoking

Many atherosclerotic risk factors are also risk factors for AS
progression. Researchers have identified diabetes mellitus as a
risk factor for the progression of AS, and some have postulated
that the condition may play a causative role in pathogenesis
and progression (34,35,50). Several studies have found that
systemic hypertension is associated with AS progression, with
findings supporting a causal relationship between the two
(50,53-54). Obesity has also been found to be an independent
risk factor for AS progression (55).

Studies have consistently found that smoking is a risk factor
for the progression of calcific AS. In 1991, Mohler et al (34)
found that smoking was a statistically significant risk factor for
the development and progression of what was then labelled
degenerative AS. Stewart et al (32) subsequently found that
smoking was associated with a 35% increase in risk for calcific
aortic valve disease. In 2000, Palta et al (6) found that absolute
and percentage reduction in AVA per year in those with AS
was accelerated in the presence of smoking, a result that has
also been confirmed by subsequent studies (50,55).

Aortic valve calcification

The degree of aortic valve calcification has been correlated
with AS progression. Bahler et al (48) found more rapid dis-
ease progression in patients with more marked leaflet calcifica-
tion. Moreover, Rosenhek et al (56) concluded that moderate
or severe valvular calcification, when taken with a rapid
increase in aortic-jet velocity, identified those with poor prog-
noses. Hence, it has been suggested these patients, even when
asymptomatic, be considered for early valve replacement.

Disease states: CAD, chronic renal failure

CAD also appears to be a risk factor for AS progression. In
1993, Peter et al (43) found the presence of CAD was more
prevalent in a subgroup of patients with rapid AS disease pro-
gression (P=0.01). Although this was a small study, others
have produced similar results (34,57). Although Ngo et al (55)
have produced conflicting evidence, this finding has raised
questions about the management of patients with CAD under-
going coronary artery bypass graft surgery who also have mild
or incidental AS.

Patients with chronic renal failure, those on dialysis and
those with elevated creatinine are strongly associated with
rapid AS progression. In 1999, in a study of 110 patients on
hemodialysis, Urena et al (47) found significant AS in 16% of
patients and that AS is generally associated with poor out-
comes in hemodialysis patients. Palta et al (6) demonstrated
that elevated serum creatinine levels, even when found within
the normal range, accelerate AS progression. Subsequent stud-
ies have also consistently found that AS progresses more rap-
idly in renal failure patients on dialysis as well as in those with
elevated serum creatinine (58-61). Because risk factors in these
populations sometimes included higher calcium-phosphate
product and elevated vitamin D; levels, there is the possible
role of dystrophic and metastatic calcification. Other factors,
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such as homocysteine or humoral levels, may also be operative
in these patients. While pathophysiological mechanisms
remain unclear, it is possible that creatinine, or some of the
other biochemical factors that accumulate in the blood with a
fall in the glomerular filtration rate, may act as catalysts in AS
progression.

Elevated serum calcium and mitral annular calcification
Elevated serum calcium levels are associated with more rapid
progression of AS. Palta et al (6) found that elevated, yet nor-
mal, serum calcium levels were associated with more rapid AS
progression. In patient populations on dialysis, there is a rela-
tionship between the calcium-phosphate product — as well as
vitamin D; — and AS progression (47). There may also be a
relationship between hyperparathyroidism and rapid AS pro-
gression (62). Moreover, calcium supplementation has also
been associated with accelerated AS progression (58). This
raises questions that we will discuss later regarding the safety of
calcium and vitamin D supplements administered for the pur-
pose of preventing osteoporosis.

Mitral annular calcification has been associated with more
rapid AS progression (44). Cosmi et al (63) conducted a study
using 2131 patients with aortic valve thickening and at least
one year of echocardiographic follow-up. AS developed in
15.9% of patients, and multivariate analysis revealed that
mitral annular calcification was independently and signifi-
cantly associated with progression to AS. Associated with age,
aortic valve calcification and CAD, this condition may also
reflect an abnormal biochemical process involving calcium-
phosphorus metabolism or the patient’s tendency for dys-
trophic calcification.

Dyslipidemia

Dyslipidemia is strongly associated with the rapid progression of
AS (64). This holds true for definitions of dyslipidemia includ-
ing a serum LDL cholesterol level greater than 3.1 mmol/L and
a high-density lipoprotein cholesterol level lower than
0.9 mmol/L, total triglyceride levels, total serum cholestrol lev-
els, LDL cholesterol level and the total cholesterol/high-
density lipoprotein cholesterol level ratio (34,50,57,65). Rapid
in patients with homozygous hypercholesterolemia, AS pro-
gression can occur at an early age with concomitant premature
CAD and other vascular diseases (42). It has also been shown
that patients undergoing aortic valve replacement for AS
(with or without coronary artery bypass graft surgery) have
higher serum cholesterol, triglyceride and LDL levels com-
pared with those undergoing bypass surgery alone (39). In our
study (6) of 170 AS patients, the rate of AS progression was
twice as high in the patient population with a serum choles-
terol level greater than 5.0 mmol/L. Curiously, the effect of
cholesterol on AS progression appears to be greater in patients
with tricuspid aortic valves compared with those with bicuspid
aortic valves (40).

Valvular function and structure

A higher left ventricular (LV) outflow tract velocity, a charac-
teristic associated with greater cardiac output, is correlated
with more rapid AS progression (6). Not only is peak jet veloc-
ity an independent predictor of outcome but, in asymptomatic
AS patients, the rate of progression and clinical outcome are
also predicted by jet velocity and the rate of change in jet
velocity (51,66). This raises the possibility that, just as in the
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genesis of CAD, mechanical factors may initiate inflammatory
processes. It is interesting that the rate of progression is slower
than in patients with more severe AS (6). This may be due to
the stretching effect of a greater gradient or the nature of valve
pathology, due to fibrous tissue content, lipid content and
inflammatory components, when AS is more severe.

A patient’s AVA has been associated with AS progression.
Researchers using multivariate linear regression analysis found
that initial AVA was an independent predictor of disease pro-
gression in dialysis patients, which is a result that has been
shown to be generally true in AS patients (6,48,59). Moreover,
the rate of AVA change during the cardiac cycle has been
found to predict the hemodynamic progression of AS. Lester et
al (67) found that rapid progression was significantly associ-
ated with an AVA ratio of 1.25 or greater.

Higher LV mass indexes have been found to be associated
with more rapid AS progression (48). This may be due to
changes in mechanical stress on the valve, changes in bio-
chemical milieu produced by altered hemodynamics, or the
effect of factors responsible for LV hypertrophy or remodelling
in the first place.

Valve structure and AS etiology may also play roles in dis-
ease progression. In their study of 646 patients, Passik et al
(68) found that in patients younger than 70 years of age who
received aortic valve replacement surgery for AS, 50% had
bicuspid aortic valves. Among those 322 patients older than
70 years, 48% had degenerative calcification. Secondly,
Roberts et al (11) found that the relative distribution of
patients with either bicuspid or tricuspid valves varied with age
among those receiving aortic valve replacement surgery for iso-
lated AS, with the frequency of tricuspid valves increasing
with age. Finally, Fernandes et al (69) found that the morphol-
ogy of the bicuspid aortic valve is predictive of clinically
important end points, with the fusion of right and noncoro-
nary leaflets leading to more rapid progression of AS and
regurgitation in young patients. These all suggest that mechan-
ical stress associated with abnormal valve structures influences
the progression of AS.

C-reactive protein

While there is conflicting data regarding the correlation of AS
progression with C-reactive protein (CRP), a marker for
inflammation, it appears at this point that no such association
exists. Early studies, such as those by Galante et al (70) and
Gerber et al (71), found strong associations between elevated
CRP levels and the presence of AS. Extending this connection
to AS progression, some started to advocate use of CRP levels
as a useful value in monitoring AS progression (72,73).
However, in 2007, two studies undermined the validity of this
conclusion. Examining data from the 5621 participants in the
Cardiovascular Health Study, Novaro et al (49) found no asso-
ciation between CRP levels and the presence of calcific or
incident AS and, as such, they determined that CRP was a
poor predictor of subclinical calcific aortic valve disease.
Moreover, Jeevanantham et al (74) concluded that, while
high-sensitivity CRP was associated with calcific AS in early
stages, there was not sufficient evidence to suggest use of this
protein as a marker for progression.

Given the pathogenesis of AS and the similarities between
risk factors, the connection between AS and atherosclerosis
appears quite clear. However, there are other noteworthy
aspects of AS pathology that generate many unanswered
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Pathogenetic Process

Risk and initiating factors
Cardiovascular risk factors (including dyslipidemia) -
Genetics
Valve structure/etiology of aortic stenosis
Mechanical stress >

l

Release of inflammatory cytokines
!
Inflammatory tissue milieu, activation of this cascade >
with macrophages, T-lymphocytes, a-actin—expressing cells,
as well as lipoprotein deposition, accumulation, oxidation

l
Leaflet endothelial layer disruption >
And early atherosclerotic-like lesion with
active Angiotensin-Converting Enzyme -

Bone-associated cytokines, Matrix Metalloproteinases

Osteoblastic transformation of valvular tissue 2>
Neoangiogenesis
Tissue calcification >
I
Calcific Aortic Stenosis and Progression
Hypertension effects >
Higher Left Ventricular outflow tract velocity =
Mitral annular calcification =

Smoking =

Angiotensin II Receptor Blocker therapy; targeted gene therapies

Corresponding Potential Therapeutic Intervention

Statins

Angiotensin-Converting Enzyme inhibitors,
Angiotensin II Receptor Blocker therapy

Statins, Aspirin, Angiotensin-Converting Enzyme inhibitors,
Angiotensin II Receptor Blocker therapy

Statins

Angiotensin-Converting Enzyme inhibitors

Fetuin-A therapies; limitations of Calcium supplementation;
Vitamin D therapies; targeted gene therapies

Angiotensin-Converting Enzyme inhibitors
Beta-blockers
Fetuin-A therapies, limitations of Calcium supplementation,
Vitamin D therapies
Cessation of smoking

Figure 1) Potential therapeutic targets for aortic stenosis pathogenesis

questions. For instance, biochemical factors, such as those
related to calcium, appear uniquely related to AS progression.
Moreover, valve structure, hemodynamics and renal failure
also seem to affect disease progression. Along with those
processes related to atherosclerosis, consideration of these
aspects should guide research aimed at the clarification of
pathology and strategies for secondary prevention.

MEDICAL MANAGEMENT

With our understanding of AS steadily evolving, one would
hope that therapeutic strategies advance at a similar pace.
However, current guidelines do not recommend medical therapy
for asymptomatic AS patients because medical treatments have
not been proven to prevent the onset or delay the progression of
AS disease process (3). However, given our deepening undet-
standing of AS pathogenesis, many therapies appear to have the
potential of playing a role in secondary prevention. Figure 1
presents the potential therapeutic targets for AS pathogenesis.

Given the roles of atherosclerotic processes in AS pathol-
ogy, 3-hydroxy-3-methyl-glutaryl coenzyme A reductase
inhibitors appear as one type of therapy. In addition to
statins’ lipid-lowering actions, other mechanisms of the drug
class may help slow AS progression, such as the modification
of endothelial function, inflammatory responses and throm-
bus formation (75). While retrospective studies consistently
found that statin therapy in AS patients was associated with
a reduced rate of disease progression, the first prospective
study on this matter, the Scottish Aortic Stenosis and Lipid
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Lowering Trial Impact on Regression (SALTIRE) study,
found that intensive atorvastatin therapy did not halt AS
progression or induce its regression (50,76-78). Not only has
this study and conclusion been criticized for methodological
reasons, but the more recent Rosuvastatin Affecting Aortic
Valve Endothelium (RAAVE) study found that prospective
treatment of AS with rosuvastatin slowed the hemodynamic
progression of AS (79,80). The results of upcoming, large,
randomized clinical trials, such as the Simvastatin and
Ezetimibe in Aortic Stenosis (SEAS) study, should give more
definitive guidance regarding this matter (81).

ACE inhibitors show tremendous promise as well. While
these drugs were once contraindicted for AS patients, short-
term treatment with ACE inhibitors has been shown to be well
tolerated in patients with mild to moderate AS and preserved
LV function (82). ACE inhibitors may help slow AS progression
for a number of reasons. Not only does sclerotic aortic valve tis-
sue upregulate the expression of ACE and another angiotensin
[I-forming enzyme, but ACE inhibitors may prevent LV hyper-
trophy, preserve LV function and reduce frequency of arrhyth-
mias (18,83). Secondly, the blood pressure-lowering effect of
ACE inhibitors reduces the mechanical stress and strain on the
aortic valve (84). Finally, ACE inhibitors may play a role in
slowing AS progression by reducing inflammation, stabilizing
plaque formation and mitigating the fibrotic process.

However, clinical studies have yet to conclusively demon-
strate such results in practice. The first large retrospective
study (77) on the effect of ACE inhibitor therapy found the
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drug class was not associated with a significant difference in
AS progression. However, others, such as O’Brien et al (85),
later found an association between ACE inhibition and lower
calcium accumulation rates in the aortic valve. Others have
found that ACE inhibitors favourably affect stress hemody-
namic functions in hypertensive AS patients (86). Despite
some of these promising results, it is too early to make defini-
tive conclusions regarding the effect of ACE inhibitors on the
progression of AS. The efficacy of this drug may depend on use
in particular patient populations. As such, large long-term
prospective trials are warranted.

Therapies involving fetuin-A also show potential in
inhibiting the calcification processes of progressive AS.
Fetuin-A is a multifunctional hepatic secretory protein that
inhibits dystrophic vascular and valvular calcification. Among
patients with CAD, Ix et al (87) found an inverse relationship
between fetuin-A and AS in patients without diabetes. Kaden
et al (88) determined that serum fetuin-A levels were lower in
patients with calcific AS than in the control group. These
studies suggest that calcium homeostasis plays a role in the pro-
gression of calcific AS. Fetuin-A therapies may slow disease
progression in patients with milder forms of AS but this has yet
to be explored in a trial environment.

Older patients at risk for AS progression may be considering
the use of a calcium supplement for primary or secondary preven-
tion of osteoporosis. However, Wongpraparut et al (58) found
that calcium supplementation was a predictor of accelerated AS
progression. Because calcium-phosphorus product is inversely
related to AS severity, the importance of keeping serum calcium-
phosphate levels within normal range is quite clear (89). More
data are needed to support this interesting observation and raise
any questions regarding the safety of calcium supplementation, a
strategy of proven benefit in osteoporosis.

While attention has mostly been given to the aforemen-
tioned issues, there are many other management issues worth
considering. Considering the pathogenetic similarities of AS
to atherosclerosis, it may be worth investigating the potential
role of anti-inflammatory agents such as acetylsalicylic acid in
the attenuation of AS progression. Because AS progression is
associated with higher LV outflow tract velocity, (6) it is
attractive to speculate whether the use of beta-blockers in this
patient population will help slow disease progression. Given
that smoking is associated with the progression of AS (6), the
cessation of smoking may assist with secondary prevention of
disease, a hypothesis yet to be confirmed. The evidence that
angiotensin receptor blocker therapy inhibits the development
of atherosclerosis as well as myofibroblast and osteoblast trans-
differentiation in rabbit aortic valves suggests this drug class
may be helpful in slowing AS progression (90). Because it is
not clear how renal failure accelerates AS progression, the
identification of the biochemical and cytokine mediators asso-
ciated with the high-normal serum creatinine levels that accel-
erate AS progression may shed light on other therapeutic
options. Given the association with the B allele of the vitamin
D receptor and calcific AS, as well as the induction of periph-
eral atherosclerosis and aortic valve leaflet thickening in rab-
bits through the feeding of a cholesterol-rich diet
supplemented with vitamin D,, further research regarding the
effect of eliminating vitamin D administration on AS progres-
sion may be warranted (28,91). Given the dearth of data on
these matters, researchers should consider integrating some of
these aspects into their study designs.
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The fact that the clinical management of AS patients con-
tains many unanswered questions should not be cause for pes-
simism. Not only do current cardiovascular medications appear
to have the potential to slow AS progression, but other factors
influencing AS pathophysiology, such as heart rate and serum
creatinine values, may eventually become part of the thera-
peutic equation as well. Studies addressing these questions will
facilitate the development of therapeutic strategies tailored to
the appropriate stage of disease and, if applicable, the level of
valvular calcification.

THE SURGICAL MANAGEMENT OF
AS PATIENTS

American College of Cardiology and American Heart
Association guidelines (3) may need to account for AS
patients at particularly high risk for rapidly progressing AS.
They currently recommend aortic valve replacement surgery
for patients with severe symptomatic AS or LV dysfunction
and for those patients with severe AS who are undergoing
coronary artery bypass graft or cardiac valvular surgery. As
such, they do not currently integrate the specific nature of the
patient populations into clinical decision-making processes.
For instance, studies (59-60,92) have consistently demon-
strated that AS patients on chronic dialysis are strongly associ-
ated with rapid disease progression. As such, this particular
patient population may require more frequent monitoring.
Given the improvement in surgical mortality rates, it has been
reasoned that the presence of moderate or severe valvular cal-
cification, together with a rapid increase in aortic-jet velocity
or positive exercise tests, identifies patients with poor prog-
noses who may benefit from early valve replacement before
development of symptoms (56,93). Considering the malignant
natural history of asymptomatic severe AS and improving sur-
gical techniques, it needs to be determined whether the bene-
fits of earlier surgical intervention, such as preclusion of disease
progression and further hypertrophy of the left ventricle, out-
weigh the risks of surgery (94). As further clinical evidence is
collected and changes to professional guidelines are consid-
ered, this line of reasoning may need to be applied to the afore-
mentioned clinical variables as well as others.

CONCLUSION

There is a great need for a multifaceted approach to the inves-
tigation and treatment of calcific AS. While AS is the most
common reason for valve replacement in the United States,
aortic valve replacement surgery remains the only established
treatment for symptomatic AS patients (3,95). Roles of ather-
osclerotic, chondrification and ossification processes in AS
progression have been elucidated (96-98). Given the fact that
most patients with asymptomatic, hemodynamically signifi-
cant AS will develop symptoms within five years, researchers
should now pay close attention to issues of medical manage-
ment, secondary prevention and surgical correction (99).
These efforts should examine the effects of cardiovascular
medications, such as statins and ACE inhibitors, on AS pro-
gression and the potential to tailor therapeutic strategies for
rapidly progressing populations. Guided by advances in basic
science, clinical researchers should help develop treatments
that consider the specific medical context of the patient at
hand and address the progression of AS at the appropriate
stage of disease.
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