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1. Introduction

1.1 Prevalence

Aortic valve disease, in particular stenosis (AS), is the most common valvular abnormality
detected in the aging population whit an AS prevalence of 3 to 5% in the population over 75
years of age (1, 2). Valvular aortic stenosis without accompanying mitral valve disease is
more common in men than in women. A clear increase in prevalence of aortic sclerosis has
been seen with age: 20% in patients aged 65-75 years, 35% in those aged 75-85 years, and
48% in patients older than 85 years. For the same age-groups, 1.3%, 2.4%, and 4% have frank
aortic stenosis (3).

1.2 Etiology

AS is the obstruction of blood flow across the aortic valve. AS has several etiologies
including rheumatic fever, congenital unicuspid or bicuspid valve, and degenerative calcific
changes of the valve. Rheumatic heart disease is the main cause of valvular heart disease
worldwide, but fewer than 10% of AS cases in the United States and Western Europe are
rheumatic. In contrast, senile, calcific disease of the aortic valve and bicuspid valve disease
are responsible for the vast majority of AS cases in those countries. Since the incidence of AS
increases with age and the Western population as a whole is aging, increased numbers of
patients presenting with AS are expected in the near future. Currently, the incidence of AS is
estimated to be 1-2% among those over 65 years of age and 4% among octagenarians.
Rheumatic AS is rarely an isolated disease and usually occurs in conjunction with mitral
valve stenosis. Rheumatic AS is characterized by diffuse fibrous leaflet thickening of the
tricuspid valve with fusion of the commissures with scarring and eventual calcification of
the cusps. A congenital malformation of the valve may also result in stenosis and is the most
common cause in young adults. Bicuspid aortic valve is the most common cause of aortic
stenosis in patients under age 65. About 2% of people are born with aortic valves that have
only two cusps (bicuspid valves). Although bicuspid valves usually do not impede blood
flow when the patients are young, they do not open as widely as normal valves with three
cusps. Therefore, blood flow across the bicuspid valves is more turbulent, causing increased
wear and tear on the valve leaflets. Over time, excessive wear and tear leads to calcification,
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4 Aortic Stenosis — Etiology, Pathophysiology and Treatment

scarring, and reduced mobility of the valve leaflets. About 10% of bicuspid valves become
significantly narrowed, resulting in the symptoms and heart problems of aortic stenosis.

The most common cause for AS in adults is senile degenerative AS, with the calcification
of a normal trileaflet or a congenital bicuspid valve (4). Even if it was considered to be the
result of years of mechanical stress on an otherwise normal valve, the evolving concept is
that the degenerative process leads to proliferative and inflammatory changes. Calcific
aortic-valve disease refers to progressive aortic leaflet thickening and calcification,
beginning with the early lesion of aortic-valve sclerosis leading to advanced leaflet
disease of aortic-valve stenosis, characterized by restricted leaflet motion and outflow
obstruction. The pathobiology of the aortic-valve lesion involves an atheromatous,
osteogenic, inflammatory process sharing some histologic similarities with coronary
atherosclerosis (5)

1.3 Pathophysiology

Valvular aortic stenosis results in chronic left ventricular pressure overloading. At any stage
of life, however, the natural history of aortic stenosis largely reflects the functional integrity
of the mitral valve. As long as adequate mitral valve function is maintained, the pulmonary
bed is protected from the systolic pressure overloading imposed by aortic stenosis.
Compensatory concentric left ventricular hypertrophy allows the pressure-overloaded
ventricle to maintain stroke volume with modest increases in diastolic pressure, and
patients remain asymptomatic for many years. In early stages the development of concentric
hypertrophy appears to be an appropriate and beneficial adaptation to compensate for high
intracavitary pressures. Unfortunately, this adaptation often carries adverse consequences.
The hypertrophied heart may have reduced coronary blood flow and also exhibit a limited
coronary vasodilator reserve, even in the absence of epicardial coronary artery disease,
that's why one of the symptoms is angina. In later stages of severe AS, cardiac output
declines, and the pulmonary artery pressure rises, leading to pulmonary hypertension. The
first symptom of this condition is increasing shortness of breath and the last consequence is
heart failure. The onset of any of the classic symptoms of left ventricular outflow
obstruction —angina, syncope, or heart failure—in a patient with valvular aortic stenosis
indicates advanced valve disease and should be carefully and promptly evaluated. Syncope
most commonly is due to the reduced cerebral perfusion that occurs during exertion
secondary to the decrease in arterial pressure consequent to peripheral vasodilation in the
presence of a fixed cardiac output. For years the cause of the calcification of the aortic valve
was thought to be the passive accumulation of calcium in the valve leaflets, causing nodular
deposits and an eventual stenosis. Clinical studies have demonstrated that the risk factors
for this process include hypercholesterolemia, diabetes, smoking, hypertension, male sex,
and elevated high sensitivity C-reactive protein (6), suggesting that calcification of the aortic
valve results from an inflammatory process triggered by these factors of atherosclerotic risk
and that drug therapies to retard this process may be a useful strategy in the future.
Hyperuricemia has been identified as another risk factor for development of aortic valvular
disease. Calcific AS is also observed in a number of other conditions, including Paget disease
of bone and end-stage renal disease. Ochronosis with alkaptonuria is another rare cause of
AS, which also can cause a rare greenish discoloration of the aortic valve. Recent
experimental models have shown that there is a relationship between hypercholesterolemia
and the development of aortic valvular disease (7). Studies of human tissue also suggest

www.intechopen.com



Aortic Stenosis - New Insights in Stenosis Progression and in Prevention 5

that the development of aortic valvular calcification represents an active cellular biology.
O’Brien et al. have described the early valvular lesion (aortic sclerosis) as an entity very
similar to the early lesion of the atherosclerotic plaque (8). These lesions show similarities to
the atherosclerotic process, with a predominance of “atherogenic” lipoproteins, especially
LDL and lipoprotein(a), evidence of LDL oxidation, inflammatory cellular infiltrates and the
development of calcification. The presence of lipids stimulates the production of many
factors such as modified TGF-b1l, tumor necrosis factor and cytokines in the aortic valve
leaflets (9). In particular early valvular sclerotic lesions demonstrate a chronic inflammatory
cell infiltrate (macrophages and T lymphocytes), lipid accumulation (apolipoprotein [apo] B,
apo(A) and apo(E) and a-actin-expressing cells in the lesion and adjacent fibrosa; end-stage
calcified valves contain mature lamellar bone with expression of specific bon markers
important in the development of osteoblast bone formation (10). 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
(11). 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 (12). The mechanism for valvular
calcification is similar to skeletal bone formation and that calcification occurs in areas of
neoangiogenesis, which is stimulated by an active inflammatory process and the release of
vascular endothelial growth factor (VEGF). VEGF is well known to play a key role in
angiogenesis in pathological inflammatory diseases.(13) Deckers et al (14) have suggested
that VEGF regulates bone remodeling by attracting endothelial cells and by stimulating
osteoblast differentiation. Our findings indicate that VEGF is localized to cells in
inflammatory regions of the valve fibrosa, specifically the macrophages and myofibroblasts.
Rajamannan recently demonstrated that an osteoblast phenotype is associated with
nonrheumatic, degenerative calcific aortic stenosis. The current data, including the
production of osteopontin and osteocalcin proteins (both osteoblast cell products) and
proliferating myofibroblast cells synthesizing bone matrix proteins, indicate that a similar
osteoblast-like process that occurs in degenerative calcific aortic stenosis develops in the
calcification process in rheumatic valves (10). Although calcification in rheumatic valves has
been described in the literature for years, the cellular mechanisms responsible for the
calcification have not been previously described. These new observations support the
hypothesis that mineralization of rheumatic cardiac valve tissue is similar to skeletal bone
formation that is associated with neoangiogenesis and show that studying this disease
process will provide important information on the treatment of valvular heart disease (15).
In contrast to mitral valve degeneration, Caira et al. found that the Lrp5/Wnt3 signaling
markers are present in the calcified aortic valve greater than the degenerative mitral valve.
These data provide the evidence of a mechanistic pathway for the initiation of bone
differentiation in degenerative valve lesions, which is expressed in the mitral valve as a
cartilage phenotype and in the calcified aortic valve as a bone phenotype. These results
indicate that there is a continuum of an earlier stage of osteoblast bone differentiation in the
mitral valves as compared with the calcified aortic valves. In normal adult skeleton
formation, the initiation of bone formation occurs with the development of a cartilaginous
template, which eventually mineralizes and forms calcified bone. Therefore, the mitral valve
expresses an early cartilage formation, and the aortic valve demonstrates the mineralized
osteoblast phenotype,which follows the spectrum of normal skeletal bone formation. The
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6 Aortic Stenosis — Etiology, Pathophysiology and Treatment

calcified aortic valves express an osteoblast phenotype: “bone” in the aortic valve that is
responsible for the stenosis present in symptomatic aortic stenosis requiring surgical valve
replacement. This study demonstrates that hypercholesterolemia may play a role in the
initiating event of calcification. This is the first study to demonstrate the presence of
chondrocytes in mitral valves, and osteoblasts in aortic valves implicating this pathologic
mechanism in the development of mitral regurgitation in myxomatous mitral valves and
stenosis in calcific aortic valves (16). In bicuspid aortic valve, the calcification and
progressive stenosis typically occur faster than in tricuspid aortic valves, Rajamannan
demonstred that the eNOS protein expression was decreased in the BAV vs. the tricuspid
aortic valves. This data provides further evidence of the potential functional importance of
eNOS enzymatic activity in the developmental level for the formation of the congenital heart
abnormality in addition to the actual role in the calcification process. More, bone
sialoprotein, osteocalcin, and osteopontin are increased and are markers of extracellular
matrix synthesis in the valve whereas Notchl is decreased in the valve. The protein and
RNA expression also demonstrated a decrease in overall Notchl in these disease tissues,
indicating that the loss of normal Notchl is necessary for valve calcification similar to the
implications of the loss of function mutation in the genetic study. Overall, the loss of Notchl
function and the increase in Lrp5 signaling demonstrate the role of these important
regulators of bone metabolism in these diseased tissues. Than, the mechanism of BAVD
results in a decrease in Notchl function and an increase in Lrp5 expression which activates
bone formation within the valve myofibroblast (17).

2. Clinical presentation

The diagnosis of the aortic stenosis is usually made on physical examination with detection
of the classical systolic outflow murmur. The severity of aortic stenosis can be determined
reliably by echocardiography, based on the extent of the valvular calcification, the peak flow
velocity across the valve, the mean gradient and the valvular area computed by the
continuity equation. Evaluation of serial echocardiograms in patients with aortic stenosis
make it possible to obtain valuable information over a period of time to determine the
progression of the disease and the timing of surgery (9).

2.1 Signs and symptoms

The classical symptoms of AS are angina, dispnea, syncope, and heart failure, which
represent also the dramatic inflection in the natural history of this disease.

In adults with AS, the obstruction develops gradually. Many patients with aortic stenosis
will remain asymptomatic for decades. The diagnosis of aortic stenosis is usually made in
the asymptomatic patient on the basis of a systolic murmur on auscultation and confirmed
by echocardiography. The development of symptoms therefore is a critical point in the
natural history of patients with AS, infact the risk of sudden death in asymptomatic patient
with initial manifestation of severe aortic stenosis is very low (<1% per year ), but it is high
once any symptom is present, so that valve surgery is appropriate with even mild
symptoms.

Most prospectively followed patients present with more subtle symptoms, typically
decreased exercise tolerance, or dyspnea on exertion. It is not uncommon for patients to
decrease their activity level below their symptom threshold —a careful history comparing
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current and last year’s activity levels is needed to recognize that these patients, in fact, are
symptomatic.

In asymptomatic patients, the risks of valve surgery are weighed against the risk of an
adverse outcome without surgical intervention. Aortic valve repair is not an option, so that
the long-term durability and risks of a prosthetic valve also must be considered. (18)

2.2 Diagnosis

The physical examination, electrocardiogram, chest radiograph, echocardiography, and
cardiac catheterization are important for the diagnosis.

The physical examination demonstrates a weak and slowly rising pulse (“parvus and
tardus”). Systolic ejection murmur is best heard at the base of the heart and is harsh in
quality, but does not correlate with the severity of stenosis.

The electrocardiogram demonstrated findings consistent with the presence of left
ventricular hypertrophy and show an overload pattern.

The chest radiograph has a normal appearance in the vast majority of patients. Left
ventricular hypertrophy may be present and is demonstrated in the rounding of the left
ventricular free wall. Severe calcification of the aortic valve can frequently be seen in adult
patients with severe or critical aortic stenosis.

Echocardiography is the most commonly used noninvasive diagnostic method for assessing
the significance of aortic stenosis. Two-dimensional echocardiography can determine
valvular motion and the presence or absence of valve thickening and calcification. However,
Doppler echocardiography is necessary to assess the hemodynamic severity of the stenosis.
Echocardiography is the clinical standard for evaluation of adults with suspected or known
valvular AS. Anatomic images show the etiology of AS, level of obstruction, valve
calcification, leaflet motion, and aortic root anatomy (19).

It is important to determine the severity of aortic stenosis based upon hemodynamic
measurements. The echocardiographic criteria were established to define the grading of
stenosis by ACC/AHA 2006 (20) and includes the following:

Valve area

1. mild aortic stenosis: area > 1.5 cm2

2.  moderate aortic stenosis: area 1 to 1.5 cm?2

3. severe aortic stenosis: area < 1.0 cm2.

Aortic velocity allows classification of stenosis as

1. mild (less than 3.0 m/s)

2. moderate (3 to4 m/s)

3. severe (>4 m/s).

but in the revision and the update of ACC/AHA guidelines (2006) the grading of aortic
stenosis in evaluated also by the transvalvular gradiente as following.

1. mild (mean gradient less than 25 mm Hg)

2.  moderate (mean gradient 25 to 40 mm Hg)

3. severe (mean gradient greater than 40 mm Hg)

When stenosis is severe and ejection fraction (EF) is normal, the mean transvalvular
pressure gradient is normally greater than 40 mm Hg. However, when cardiac output is
low, severe stenosis can be present with a lower transvalvular gradient and velocity. So to
grade the severity of the stenosis also the Ef must to be evaluated. Doppler
echocardiography is also used to determine diastolic dysfunction by the presence of
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8 Aortic Stenosis — Etiology, Pathophysiology and Treatment

abnormal left ventricular relaxation. Moderate to severe diastolic dysfunction does not
increase early mortality but may increase late mortality after AVR. Stress echocardiography
is used in patients with normal left ventricular function (LVF) to demonstrate the presence of
diastolic dysfunction (i.e., signs of elevated left ventricular filling pressure) as the cause of
symptom development during exercise.

Doppler echocardiography has replaced cardiac catheterization in most centers for
evaluation of the hemodynamic severity of aortic stenosis (21). Cardiac catheterization is
reserved for hemodynamic evaluation in patients in whom reliable echocardiographic data
cannot be obtained or when the clinical and echocardiographic data are divergent.
Catheterization is also necessary in most patients undergoing aortic valve replacement
(usually men with age > 40, post menopausal women, history of coronary artery disease and
suspected myocardial ischemia or LV systolic dysfunction) to determine if there is
associated coronary artery disease that can be treated at the time of operation (9).

3. Predictors of Aortic Stenosis

3.1 C reactive protein

The dynamic and inflammatory nature of calcific aortic stenosis has been well appreciated
in recent years, and many pathobiologic features of calcific aortic valve disease exhibit
striking similarity to coronary atherosclerosis. C-reactive protein (CRP), which has been an
useful predictive biomarker of the inflammatory process and prognosis of atherosclerosis, is
increased in subsets of patients with calcific aortic stenosis, and this has led to the hope that
CRP could be used as well to identify those patients likely to progress or develop severe
calcific aortic stenosis (22).

Recent data suggest that oxidative stress and high-sensitivity CRP plasma levels as a marker
of systemic inflammation could be involved in the pathogenesis of rheumatic valve disease.
Therefore, the role of inflammation in rheumatic valve disease progression should be
considered. Indeed, the persistence of high levels of high-sensitivity CRP has been shown in
patients with chronic rheumatic valve disease, particularly in patients with multivalvular
disease, who showed significantly higher plasma levels of CRP (23).

If inflammation is the fundamental process of early aortic valve disease, with calcification
predominating in the later stages, one might anticipate that markers of inflammation, such
as CRP, would reflect early aortic valve disease activity and perhaps be less useful as a
marker in later stages. The available data do not support such a concept. CRP has been
localized in the valve tissue of aortic stenosis in both native valves and bioprosthetic aortic
valves, with a positive correlation between serum CRP values and valve CRP expression
(24). C-reactive protein values are increased in patients with severe symptomatic aortic
stenosis awaiting valve surgery compared with matched controls and decline after aortic
valve replacement. On the other hand, Navaro et al show that there is no relationship
between elevated CRP levels and the presence of calcific aortic-valve disease or of incident
aortic stenosis. C-reactive protein appears to be a poor predictor of subclinical calcific aortic-
valve disease. They observed that older age, male gender, hypertension, coronary artery
disease, and renal insufficiency, but not CRP values, are associated with the presence of
increasing calcific aortic valve abnormality and that CRP values are not related to the
progression from a normal aortic valve to aortic sclerosis or stenosis, nor progression from
aortic sclerosis to aortic stenosis. African-American ethnicity was significantly protective
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from developing calcific aortic valve disease. How do we make sense of these apparent
discrepancies that CRP appears not to reflect the early inflammation phase of calcific aortic
valve disease but does reflect the later calcific stages of the disease? The first methodologic
consideration is that the single CRP value at study entry may have been too distant from the
time that calcific aortic stenosis was developing during the follow-up period to reflect the
inflammatory change that would later occur. It is also possible that the inflammatory
process in early calcific aortic valve disease was not substantial enough to lead to an
elevated serum value. It is also clear from the previously noted associations between CRP
and severe aortic stenosis that CRP may be a more active, direct participant in the later
stages of the disease progression and not simply a biomarker passively reflecting the early
inflammatory stages of disease. CRP provides valuable prognostic information concerning
adverse cardiovascular events in coronary disease as well, but it does not reflect the
presence or severity of subclinical anatomic coronary artery disease (25). The study by
Novaro et al. does add important new understanding concerning the genetic determinants
of calcific aortic valve disease. Genetic characteristics of calcium metabolism may be central
to the development of valvular calcification, and the observation that African Americans are
protected from development of calcific aortic valve disease, may be related to a genetic
predisposition toward less calcification of vascular and valve tissue and lower incidence of
osteoporosis. It would be of enormous value to identify a biomarker to predict patients
likely to develop aortic sclerosis and those likely to progress to aortic stenosis. Only a few
studies have examined the relationship between CRP and aortic stenosis. Galante et al. (6)
published the initial study demonstrating elevated CRP levels in association with calcific
aortic stenosis. In a surgical series, CRP levels were higher in severe aortic stenosis patients
compared to patients with pure aortic regurgitation (26). In those who underwent aortic
valve replacement for aortic stenosis, CRP levels decreased from before to 6 months after
valve replacement. Recently, CRP has been localized in valve tissue of both calcific aortic-
valve stenosis and degenerative aortic-valve bioprostheses , with a positive correlation
between serum CRP levels and valvular CRP expression. Thus, from the available human
studies, it is apparent that CRP levels are elevated in aortic stenosis patients with severe
disease awaiting surgery, do not correlate with stenosis severity, and decrease after valve
replacement, supporting the histologic evidence that the aortic valve is a site of active
inflammation. (5)

3.2 Others predictors

Whereas cardiovascular risk factors and CRP levels failed to predict incident aortic stenosis,
only 4 demographic variables (increasing age, male gender, white ethnicity, and shorter
height) were associated with an increased risk of incident aortic stenosis. Increasing age is a
well-recognized risk factor related to aortic stenosis. Gender appears to have an impact on
the risk of both aortic stenosis and the degree of aortic valve calcification , with men
showing a greater predilection of both (5).

Genetic factors can also be important in the development of valvular calcification. In a recent
case-control study, 100 patients with similar demographic characteristics were compared,
with and without aortic stenosis, and significant differences between the two groups were
observed in the genotype of the vitamin D receptors (27). Another study identified
polymorphisms of the apolipoproteins Al, B and E as predisposing factors for development
of calcification and valvular stenosis (28). Finally, a unique study by Garg et al
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demonstrated the unique signaling pathway Notch as important in the development of
calcific aortic stenosis and also congenital heart abnormalities. These important studies
indicate that genetic predisposition and risk factors may play a role in the development of
disease (9). In a recent study Kamalesh et al. revealed that diabetes accelerate progression of
calcification in subjects who have moderately severe aortic stenosis. Therefore, for this
patients may need intensive follow-up for their aortic stenosis rather than non diabetic
subjects (29). The finding that the multifunctional glycophosphoprotein osteopontin (OPN)
is involved in both cell-mediated inflammation and biomineralization has generated
considerable interest in the role of OPN in ectopic calcification and calcific aortic valve
disease as shown by Yu et al. (30). Although other serum markers, such as C-reactive
protein and B-type natriuretic peptide have previously been shown to be associated with
aortic calcification and stenosis, OPN is the only molecule that is implicated in both
inflammation and biomineralization processes, which lead to aortic valve calcification and
subsequent stenosis. Also Ferrari and Grau demonstrates a direct correlation of NT-pro-
BNP, BNP, and osteopontin and the presence of calcific AS, while fetuin A showed an
inverse correlation. Plasma ADMA and homocysteine levels were comparable in the calcific
AS patients and healthy individuals. A new study analyzed osteopontin level and its
phosphorilation status in CAVD and demostred that phospho-threonina levels of purified
OPN are higher in healthy controls when compared to CAVD patients. This study showed
that phospho-OPN prevent calcium deposition, whereas the dephosphorylated protein
mimicking the patient’s plasma OPN, lose its protective role allowing calcium depositation
on the cellular surface. This data suggest the role of circulating OPN and its phosphorilation
status as biomarker and inhibitory factor for the pathogenesis of calcific CAVD. (31)

4. Treatment

There are different choises of treatment, based on clinical symptoms, echocardiographical
criterias and evaluation of risk factors.

The development of symptoms in patients with severe aortic stenosis is associated with a
50% mortality within a period of 5 years. Thus, symptomatic severe aortic stenosis is a clear
class I recommendation for surgical intervention (21). At present, there is no medical
treatment recommended for asymptomatic patients with aortic stenosis, and only clinical
monitoring is recommended (5).

However, recent epidemiologic studies evaluating the independent risk factors for calcific
aortic stenosis have demonstrated that the risk factors for aortic stenosis are similar to those
of coronary artery disease, which include hypertension, elevated low-density lipoprotein,
smoking, diabetes, and male gender (32). These atherosclerotic risk factors provide the
evidence for the potential of medical therapy for this disease process. (19)

4.1 Initial treatment

The management of patients with aortic stenosis depends upon the severity of aortic
stenosis and the presence or absence of symptoms. In patients with only mild stenosis and
no symptoms, management is continued observation. Serial echocardiography should be
performed every 3 years in patients with mild aortic stenosis and every 1-2 years in those
with moderate stenosis. Prompt echocardiography should be performed anytime there is
new symptom onset. Infective endocarditis prophylaxis should be followed. Patients with
moderate-to-severe aortic stenosis should avoid athletics, which require high dynamic and
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static muscular demands. There are no proven medical treatments to slow or prevent
disease progression. However, aggressive lipid lowering therapy may be of benefit,
especially in patients with less-severe valve calcification, and will ameliorate progression of
vascular atherosclerosis that frequently coexists and increases their comorbidity. Patients
with symptoms and severe aortic stenosis should be considered for operation with aortic
valve replacement. Delays to surgery have been associated with poorer outcome following
operation Over the past two decades, the risk of operation has decreased substantially.
Isolated aortic valve replacement in a patient less than 70 years old should be able to be
performed with a risk of less than 1%. The risk should be less than 2-3% among
septuagenarians and even less than 5% in octogenarians in the absence of significant
comorbidities. Therefore, age is not a contraindication to surgery. Concomitant coronary
artery bypass grafting should be performed for coronary atherosclerosis when epicardial
lesions are >50%.

Since statins lower levels of high-sensitivity C-reactive protein as well as cholesterol,
different studies hypothesized that people with elevated high-sensitivity C-reactive protein
levels might benefit from statin treatment. (33) The treatment of the asymptomatic patient
with severe aortic stenosis is more controversial. When there is left ventricular dysfunction,
valve replacement is indicated even in asymptomatic patients. In these patients, the critical
increase in afterload has started to overwhelm the compensatory mechanisms of left
ventricular hypertrophy and the outcome is poor without surgical intervention.
Importantly, aortic valve replacement can also now be done with a low operative mortality
and there is enhanced durability of the new prostheses. Thus, surgery is reasonable to
consider in asymptomatic patients when there is critical aortic stenosis and the expected
operative mortality is <1.0%. Aortic valve replacement may also be considered for adults
with severe asymptomatic aortic stenosis if there is evidence or high likelihood of rapid
progression or when there may be delayed rapid access to medical care if symptoms arose.
Progression of aortic stenosis may be considered rapid when the Doppler peak velocity
increases by >0.3 m/s per year or when the valve area decreases by >0.1 cm2 per year .

4.2 Future directions in medical treatment

As greater understanding of the cellular mechanisms, pathogenesis and progression of
aortic valvular disease evolves, new pharmacological strategies are being proposed that are
targeted more directly to mechanisms of the disease, both for preventing its progression and
ultimately for achieving its regression. The two pharmacological agents that have been
studied experimentally and that demonstrate the most potential benefit are the HMG-CoA
reductase inhibitors (statins) and the ACE inhibitors (19,20,22,33). The clinical
implementation of these pharmacological treatments will require a strict validation of the
experimental and retrospective studies to date (34-38), in order to establish a clear cause-
effect benefit in any pharmacological treatment system.

Conventionally ACE-Is are contraindicated in patients with severe AS. However, we may
safely administer ACE-Is to patients with mild AS because hemodynamic effects of stenotic
aortic valve are well compensated in such patients. The renin-angiotensin system
contributes to the inflammatory nature of the aortic valve lesion. Angiotensin converting
enzyme (ACE), as well as angiotensin II and the angiotensin II type-1 receptor, have been
identified in aortic sclerotic lesions , which stimulate monocyte infiltration and macrophage
uptake of modified LDL (34). Calcification, the hallmark characteristic of aortic valve
stenosis, is also clearly a feature of the active inflammatory process, occurring in valve
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regions of lipid disposition, especially oxidized lipids, with additional stimulus provided by
macrophage- and T lymphocyte-produced cytokines. Early in the disease process, active
microscopic areas of calcification are seen co-localizing in areas of lipoprotein accumulation
and inflammatory cell infiltration; as the disease progresses, active bone formation is seen.
ACE inhibitors are thought to interfere with the renin-angiotensin system and exert
beneficial actions on vascular tissues beyond their blood pressure-lowering effects.
Regarding statins, there are a number of experimental models testing the effects of a
cholesterol diet on the aortic valve in mice model. Sarphie (39) demonstrated the first
histochemical effects of cholesterol on the development of valvular heart disease. Studies by
Rajamannan and Charest et al have also shown that endothelial nitric oxide enzyme activity
plays a role in the early valve lesions. Elevated cholesterol decreases the enzyme expression
and induces early mineralization in the aortic valve. Therefore, these early studies provide
the evidence that aortic valve disease has similar initiating mechanism of oxidative stress
that is found in vascular atherosclerosis. The next critical step toward understanding of
aortic valve calcification is to determine the signaling mechanisms involved in the
development of this disease (40). The studies from Mohler (41) and Rajamannan (40) have
shown that the aortic valve calcifies secondary to a bone phenotype. Recent studies from
Rajamannan and Shao et al. have demonstrated that the mechanism by which calcification
develops is activation of the LDL receptor 5 (Lrp5)/Wnt pathway in the vascular and
valvular interstitial cells (40). These studies confirm that the presence of bone formation is
the phenotypic expression of calcification in the aortic valve (10). Over time, the valve leaflet
synthesizes bone matrix, which eventually calcifies and forms bone. If the aortic valve has
an actual biology that is initiated by elevated cholesterol, then in the future, medical therapy
such as statins or angiotensin-converting enzyme inhibitors may slow the progression of
this disease.

Also Nagy et al. studied the role of proinflammatory signaling through the leukotriene (LT)
pathway in aortic stenosis and demonstred that the messenger RNA levels of the LT-
forming enzyme 5-lipoxygenase increased in thickened and calcified tissue compared with
normal areas of the same valves. Moreover they showed that leukotriene C4 (LTC4)
increased intracellular calcium, enhanced reactive oxygen species production, reduced the
mitochondrial membrane potential, and led to morphological cell cytoplasm changes and
calcification. This data suggest the up-regulation of the pathway LT and the potentially
detrimental LT-induced effects on valvular myofibroblasts as possible role in the
development of aortic stenosi and induce to considerate innovative therapeutic
interventions(42).

The first landmark randomized, prospective trial published in this field, Scottish Aortic
Stenosis and Lipid Lowering Trial, Impact on Regression (SALTIRE), (43) demonstrated,
however, that high-dose atorvastatin does not slow the progression of this disease. SALTIRE
initiated atorvastatin in patients who had more advanced aortic stenosis as defined by the
mean aortic valve area of 1.03 cm2, with heavy burden of calcification as measured by aortic
valve calcium scores. Newby et al recently acknowledged that the timing of therapy for
aortic valve stenosis may play the key role in the future treatment of this disease. The
important issue may be treating this disease earlier in its process to slow the progression of
bone formation in the aortic valve (44). The potential benefit of statin therapy, however, is
controversial and widely debated, as recent randomized studies done in patients with
moderate to severe degrees of aortic stenosis failed to consistently show substantial benefits
of this class of drugs. Antonini et al. provides evidence for a positive effect of statins in
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reducing the progression of rheumatic AS and in a large series of patients with long-term
follow-up, statins were effective in slowing the progression of aortic valve disease in aortic
sclerosis and mild AS, but not in moderate AS. These results suggest that statin therapy
should be taken into consideration in the early stages of this common disease (23). The
RAAVE (Rosuvastatin Affecting Aortic Valve Endothelium) study suggests that earlier
treatment with statins is more efficacious in the prevention of progression of aortic valve
stenosis than late treatment, similar to the effects of statins in the regression of vascular
atherosclerosis (45). Importantly, results of the randomized trials will provide further
evidence to define the treatment of this complex disease process, in which timing of therapy
and characteristics of the valve lesion will need to be taken into account in the future
treatment approaches. In the RAAVE trial, the rate of progression of aortic stenosis in those
with hypercholesterolemia treated with rosuvastatin is slower than in those with lower lipid
levels who are not treated. This is the first study to provide positive clinical evidence for the
potential of targeted therapy in patients with asymptomatic aortic stenosis (45). Finally
Parolari et al. (46) performed a meta-analysis of studies was performed comparing statin
therapy with placebo or no treatment on outcomes and on aortic stenosis progression
echocardiographic parameters. This meta-analysis identified 10 studies with a total of 3822
participants (2214 non-statin-treated and 1608 statin-treated). No significant differences
were found in all-cause mortality, cardiovascular mortality or in the need for aortic valve
surgery. Lower-quality (retrospective or non-randomised) studies showed that, in statin-
treated patients, the annual increase in peak aortic jet velocity and the annual decrease in
aortic valve area were lower, but this was not confirmed by the analysis in high-quality
(prospective or randomised) studies. Statins did not significantly affect the progression over
time of peak and mean aortic gradient. Taken together, this evidences suggest that the
progression of calcific aortic stenosis is a complex process; the multitude of the mechanisms
involved in AS indicates that drug therapy should address the earliest stages of the disease,
as it is now evident that pharmacological treatment administered in more advanced stages
of the disease may be ineffective (47). At the end, all studies of statins have had the “wrong
target” trying to treat patients with severely calcified valves. In our opinion we should treat
patients at earlier stages of the disease, since statins side-effects are considered marginal and
moreover statins have been proven beneficial to delay atherosclerosis progression and CAD,
than quite often accompany AS.

4.3 Surgical treatment

Aortic valve replacement is indicated in patients who have severe aortic stenosis in the
absence of other major comorbidities. Patients who undergo aortic valve replacement have
an improvement in symptoms and increased survival after valve replacement surgery.
Currently, there is no indication for surgical valve replacement in patients who have
asymptomatic critical aortic stenosis unless they have left ventricular dysfunction or
abnormal hemodynamic response to exercise. Patients who have moderately depressed
ventricular function do as well as those with normal ventricular function. Depressed
ventricular function may be due to afterload mismatch or an intrinsic depression of
contractility. Both the safety and prognosis of aortic valve replacement relate to
distinguishing between these two causes of reduced ventricular function. Patients with true
afterload mismatch do well after aortic valve replacement despite very low ejection
fractions. Depressed contractility from myocardial disease does not respond as well to aortic
valve replacement (19)
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Aortic valve replacement in patients without symptoms is controversial, infact
asymptomatic patients with AS have outcomes similar to age-matched normal adults. While
the short-term prognosis in such patients is excellent without surgery, there is still a small
but definite risk of sudden death. Obviously there is also a small but definite risk of
morbidity and mortality related to aortic valve replacement and to complications resulting
from the presence of a prosthetic valve.

4.4 Aortic valve replacement

When planning AVR, the chief issues related to surgical decision making involve the type of
valve prosthesis to be inserted, the timing of surgery, and issues related to concomitant
procedures. The ideal prosthesis for AVR is characterized by excellent hemodynamics,
minimal residual transvalvular pressure gradient, and laminar flow through the prosthesis.
In addition, the valvular prosthesis should be durable, easy to implant, quiet, biocompatible,
and resistant to thromboembolism. The two major categories of valvular prostheses, which
account for the vast majority of implanted aortic valves, include mechanical and
bioprosthetic valves. Regarding the decision between bioprosthetic and mechanical valves,
the primary advantage of mechanical valves is their durability and

reliable performance. Conversely, the primary disadvantage of mechanical valves relates to
the need for lifelong warfarin anticoagulation and attendant lifestyle limitations and
thromboembolic (TE) and bleeding risks. When anticoagulation is managed appropriately,
the risk of TE with mechanical valves is similar to that for bioprosthetic valves. Bileaflet
mechanical valves are the standard in current practice. Conversely, the primary advantage
of bioprosthetic valves is that systemic anticoagulation with warfarin is not required. As a
result, patients receiving tissue valves have a lower rate of anticoagulation-related bleeding
complications. However, their limited durability (freedom from structural valve
deterioration and need for reoperation) and suboptimal hemodynamics, due to a generally
smaller effective orifice area size-for-size as compared to mechanical valves, have
historically been the drawbacks of bioprosthetic valves. As a result, use of bioprosthetic
valves has generally been recommended for patients older than 65 years of age or with
reduced life expectancy. These tendencies are nowadays changing in light of improved
tissue engineering, the increased lifespan of new generation tissue valves and the relative
low risk of reoperation for isolate valve re-replacement. Moreover, the increasing trend to
use transcatheter aortic valve implantation (TAVI) and the possibility to replace a
previously implanted biological prosthesis with the method of valve in valve, the
implantatation of a trancatheter valve into the old and degenerated prothesis, without a new
open heart operation, moves the needle of the balance toward greater use of biological
prosthesis, even if the duration of TAVi in young patient is not still known.

The most important problem in the use of mechanical prosthesis is anticoagulation for all
the life. Anticoagulation for the long-term treatment has been accomplished by vitamin K
antagonists for the last half century. Although effective under optimal conditions, the
imminent risk of a recurrent adverse event of INR the risk of bleeding due to the narrow
therapeutic window, numerous food- and drug interactions, and the need for regular
monitoring complicate the long-term use of these drugs and render treatment with these
agents complicated. But new anticoagulants which selectively block key factors in the
coagulation cascade are being developed (48). Dabigatran is the first available oral direct
thrombin inhibitor anticoagulant, it specifically and reversibly inhibits thrombin, the key
enzyme in the coagulation cascade. Its oral bioavailability is low, but shows reduced
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interindividual variability. Studies show a predictable pk/pd profile that allows for fixed-
dose regimens. The anticoagulant effect correlates adequately with the plasma
concentrations of the drug, demonstrating effective anticoagulation combined with a low
risk of bleeding. Rivaroxaban will probably be the first available oral factor Xa (FXa) direct
inhibitor anticoagulant drug. It produces a reversible and predictable inhibition of FXa
activity with potential to inhibit clot-bound FXa. Its pharmacokinetic characteristics include
rapid absorption, high oral availability, high plasma protein binding and a half-life of aprox
8 hours. (49)

The development of new anticoagulant, safer , with less risk of bleeding, and which allow to
the patient the possibility of a fixe assumption, without monitoring INR every week, could
change the choice criteria between biological and mechanical prosthesis.

4.5 Aortic balloon valvotomy

Percutaneous balloon aortic valvotomy (BAV) is a procedure in which 1 or more balloons
are placed across a stenotic valve and inflated to decrease the severity of AS. Although BAV
is useful in children with congenital AS, the calcified lesion of acquired AS in the adult does
not respond well to BAV. After a modest acute reduction in stenosis severity, restenosis
recurs usually within 6 months. Immediate hemodynamic results include a moderate
reduction in the transvalvular pressure gradient, but the postvalvotomy valve area rarely
exceeds 1.0 cm2. Despite the modest change in valve area, an early symptomatic
improvement is usually seen. However, serious acute complications occur with a frequency
greater than 10% (50, 51).

5. The future

Prolonged life expectancy has resulted in an aging population and, consequently, in an
increased number of patients with degenerative calcific aortic stenosis (52). AS has increased
markedly in developed countries and AS, caused by valve calcification in the elderly, will
continue to increase as the aging of society accelerates. For symptomatic patients with
severe aortic valve stenosis, open heart surgery for aortic valve replacement (AVR) with use
of cardioplegia under cardiopulmonary bypass remains the gold standard. Although
surgery is still the gold standard treatment, it is considered high risk in elderly patients
because of high complication rates, which leads to substantial hesitation in submitting such
patients to surgery. The surgical approach is associated with substantial operative mortality
rates in high-risk patients. Consequently, almost one-third of patients with severe aortic
stenosis are not offered surgery owing to a combination of reasons such as advanced age,
impaired left ventricular function, re-do procedure, or multiple comorbidities (50).
Moreover, as longevity within the general population is increasing, the proportion of aortic
stenosis patients with contraindications for surgery is also expected to increase. Decision-
making is particularly complex in the elderly who represent a heterogeneous population,
resulting in a wide range of operative risk, as well as life expectancy, according to
individual cardiac and non-cardiac patient characteristics. The two most striking
characteristics of patients who were denied surgery were older age and LV dysfunction.
Age and LV dysfunction are associated with an increased operative risk and a poor late
outcome after surgery, which may explain the reluctancy to operate on such patients. Age is
a strong predictor of operative risk and poor late survival in cardiovascular surgery, in
particular, in the case of AS. Four percent of the elderly population has significant aortic
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stenosis and the size of the population older than 65 years will grow 50% between 2000 and
2030 In very old patients with many comorbidities, the outcome of AVR is less favourable
than in average poulation, and many of those patients may be inoperable or carry an
unacceptably high perioperative risk. Some patients with aortic valve disease defer surgery
in light of mild symptoms, whereas others are deemed too ill to undergo cardiac surgery.
The latter currently have been treated expectantly or by balloon aortic valvuloplasty (BAV),
but this technique offers poor magnitude and durability of the physiologic improvement in
aortic valve orifice area. In most patients, balloon valvotomy reduces severe AS to
moderately severe AS. The gradient typically is reduced by 50% and averages
approximately 35 mm Hg after the procedure. Unfortunately, in 50% of patients, restenosis
occurs within 6 months. Overall, balloon valvotomy has not reduced the high mortality seen
in patients who do not undergo surgery for symptomatic AS. Recent technological
advances, however, now indicate that catheter techniques similar to those used for BAV can
be used for percutaneous aortic valve replacement, avoiding open cardiac access or the use
of cardiopulmonary bypass. As with any medical procedure, the risk/benefit ratio of TAVI
must be carefully considered. The benefits provided by this novel procedure must be
weighed eventually against what is considered today the “gold standard” that is surgical
AVR. Bearing in mind, however, the excellent track record of surgical AVR, it seems
prudent to initially target those patients who are at high surgical risk due to severe
comorbidities. Thus, the patients currently enrolled in these studies are chosen based on a
risk score, such as the EuroSCORE or STS score. The other set of patients who may be
considered at present are those with a deteriorated aortic bioprosthesis and deemed at high
risk for surgical reoperation, and this “valve-in-valve” concept has already been reported.
With technological advancements, it is expected that the ease of implantation will improve
and complications will decrease. In order to consider lower risk and younger patients as
candidates for this new technology, additional long-term durability data will be required
before advocating this procedure as a possible substitute to surgical AVR. Risk algorithms
have been used to assess operative risk, anticipate outcomes, and provide for comparability
of patients among diverse centers and countries. Unfortunately, these tools are inherently
imprecise and frequently exclude comorbidities encountered in this population. Therefore,
the comparison of transcatheter procedural outcomes to anticipated results based upon
predictive risk scoring remains somewhat subjective. The presence of CAD has been clearly
demonstrated to increase procedural risk with conventional aortic valve replacement.
However, its overall influence on outcomes of transcatheter therapy for aortic stenosis has
not been clearly delineated. This is especially true given the fact that TAVI is generally
considered a stand-alone procedure, with variable degrees of concomitant coronary artery
disease tolerated without intervention. It has been shown that patients with CAD as
indicated by previous CABG or PCI had significantly higher 30-day and overall mortality
with transcatheter valve implantation.

6. Risk stratification

The Euro Heart Survey has shown that, in current practice, there is general agreement
between the decision to operate and the existing guidelines in asymptomatic patients.
However, in patients with severe symptoms, intervention is underused for reasons that are
often unjustified. This stresses the importance of the widespread use of careful risk
stratification. In the absence of evidence from randomized clinical trials, the decision to
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intervene in a patient with VHD relies on an individual risk-benefit analysis, suggesting
that improvement of prognosis compared with natural history outweighs the risk of
intervention and its potential late consequences, in particular, prosthesis-related
complications. Factors predicting operative mortality have been identified from large series
of patients undergoing cardiac surgery or, more specifically, heart valve surgery. They are
related to heart disease, the patient’s age, comorbidity, and the type of surgery. The easiest
way to integrate the weight of the different predictable factors is to combine them in
multivariate scores, enabling operative mortality to be estimated.

6.1 Euroscore

It is a risk model which allows the calculation of the risk of death after a heart operation.
The model asks for 17 items of information about the patient, the state of the heart and the
proposed operation, and uses logistic regression to calculate the risk of death. First
published in 1999, the model has been adopted worldwide, becoming the most widely used
risk index for cardiac surgery, and its use is believed to have contributed substantially to the
improvement in the results of heart surgery seen at the beginning of the millennium. It is
now aging and a new model (EuroSCORE 2010) is being prepared. Briefly, comprehensive
data were obtained for over 19,000 consecutive patients undergoing open heart surgery in
128 centers in eight European countries. The database thus generated was subjected to
multiple logistic regression analysis to determine which risk factors were associated with
operative mortality. Weights were allocated to each risk factor on the basis of the odds ratios
and a risk model was constructed in which the percentage predicted mortality for a patient
could be calculated by adding the weighted values of risk factors which are present. The
additive EuroSCORE model, by virtue of its nature, tends to underestimate risk in very
high-risk patients. Some very high-risk patients may be better assessed, for individual risk
prediction, by using the full logistic EuroSCORE model. EuroSCORE was initially designed
to be a user-friendly system, in the hope of encouraging as many units as possible to embark
on programs of risk-adjusted quality monitoring. In this setting, although derived from a
logistic regression methodology, only the simple additive version of the score was originally
published. This score could be easily calculated at the bedside and could therefore be used
widely in Europe even in hospitals with little information technology. Using the same risk
factors, the logistic regression version of the score (the ‘logistic EuroSCORE’) can be
calculated. Many risk factors have been associated with cardiac surgical mortality and
morbidity. The EuroSCORE was derived from data obtained from patients operated on in
1995, and the details were first published in 1999. The system is now 10 years old, and is
based on data that are even older. Yet, since the introduction of EuroSCORE, there has been
a quantum improvement in cardiac surgical survival which mainly occurred during the first
two to three years of the new millennium. Evidence from countries with national databases
has suggested that mortality in some of these countries has approximately halved, despite a
gradual worsening of the risk profile of patients. In the United Kingdom, for example,
mortality has fallen to approximately 55% of logistic EuroSCORE prediction, giving a UK
RAMR (risk adjusted mortality ratio obtained dividing the actual mortality by the predicted
mortality) of around 0.55. In a consecutive series of patients with severe AS undergoing
AVR, Kalavrouziotis and coworkers found that the logistic EuroSCORE was not an accurate
risk assessment tool in all categories of risk but especially in high-risk patients. Therefore,
this predictive model should not be used to determine procedural risk in patients with
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severe AS. Furthermore, the utilization of the logistic EuroSCORE in the assessment of
operability in patients with severe AS may not be appropriate.

6.2 STS (Society of Thoracic Surgeons) risk score

More than 20 years ago, the STS was one of the first specialty organizations to recognize the
importance of developing a prospectively maintained clinical data registry. The resulting
STS National Adult Cardiac Surgery Database (STS NCD) has achieved widespread
acceptance by the provider community as well as interested third parties, including health
policy researchers, government regulators, accrediting agencies, and payers. The Society of
Thoracic Surgeons’ risk models predict the risk of operative mortality and morbidity after
adult cardiac surgery on the basis of patient demographic and clinical variables. The models
are primarily used to adjust for case mix when comparing outcomes across institutions with
different patient populations. The STS currently has three risk models: CABG, Valve, and
Valve + CABG. The models apply to seven specific surgical procedure classifications:

CABG model
1. Isolated Coronary Artery Bypass (CABG Only)
Valve model

2. Isolated Aortic Valve Replacement (AV Replace)
3. Isolated Mitral Valve Replacement (MV Replace)
4. Isolated Mitral Valve Repair (MV Repair)

Valve + CABG model

5. Aortic Valve Replacement + CABG (AV Replace + CABG)

6. Mitral Valve Replacement + CABG (MV Replace + CABG)

7. Mitral Valve Repair + CABG (MV Repair + CABG)

New STS models, developed using STS data from 2002 to 2006, account for endpoints as for
operative mortality, permanent stroke, renal failure, prolonged ventilation (> 24 hours),
deep sternal wound infection, reoperation for any reason, a major morbidity or mortality
composite endpoint, prolonged postoperative length of stay, and short postoperative length
of stay. Recently, the STS risk algorithm was reported to be the most sensitive score in
defining the risk of patients undergoing isolated AVR. Predictive value of many of the
currently available scoring systems is insufficient to allow a reliable risk assessment in
patients undergoing isolated aortic valve replacement. The overestimation is most
prominent in high-risk patients. Risk stratification using the STS score was accurate in
predicting the risk of mortality in high-risk patients. Nevertheless, even this most recently
built score systematically overestimates procedural risk. From the clinician’s standpoint
there is a need for an objective risk assessment tool.

6.3 Do we need new or better tailored risk models?

Risk stratification models for operative mortality have gained widespread acceptance in
cardiac surgery. These models, however, are not 100% accurate. A number of factors can
influence their performance. Generally speaking, available risk models for cardiac surgery
can be divided into three categories: (1) general cardiac surgery models - that is, coronary
artery bypass surgery, valve surgery or other related cardiac surgery; (2) general valve
surgery models; and (3) specific aortic valve surgery risk models. Risk models can serve
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multiple purposes if used correctly. Firstly, risk models can be used for benchmarking; they
may allow for control of procedural complexity when analyzing hospital and surgeon
performance. Secondly, risk models can help educate patients and improve informed patient
consent. Risk models can also be incorporated into guidelines to help identify high risk
patients who may benefit from additional work-up or alternative treatment strategies. If risk
models can accurately identify high risk patients with expected longer lengths of stay in
hospital, they may be useful for administrative logistic and budget planning. Differences in
epidemiology of disease, risk profiles, surgical strategies, decision making, selection bias,
and referral bias can all influence the applicability and performance of a model. Regarding
EuroScore performance in valve surgery Parolari suggested that EuroSCORE might not be
the appropriate tool for risk prediction in isolated valve operations or those combined with
other cardiac procedures. The area under the curve (AUC) derived from the meta-analysis
he performed provided estimates of 0.72 to 0.74, which are in a range of a performance
considered less than satisfactory for a risk stratification algorithm. EuroSCORE
discrimination is also substantially lower with respect to the performance of the Society of
Thoracic Surgery (STS) algorithm, which is about 0.8 for isolated valve operations and about
0.75 for valves plus CABG. The explanation for this is that the STS score is updated almost
annually, and, for this reason, it may better follow the changes occurring in valve patient
population with relative ease, whereas the EuroSCORE is now undergoing its first revision
since its introduction. The discriminatory power and precision in risk prediction of the
EuroSCORE in valve surgery has recently become increasingly important for two reasons.
The first is that in the most centers, valve procedures —either isolated or combined - actually
represent more than 50% of the total caseload; therefore, accurate risk estimation in this
patient population—mainly elderly and very elderly people—has become much more
important. The second reason is strictly related to the recent evolution in technical options in
aortic valve operations that has led to a steady increase in the adoption of transcathether
aortic valve procedures in patients at the highest risk or in very elderly people.

7. References

[1] US National Library of Medicine/National Institute of Health MedlinePlus: Aortic
Stenosis.

[2] Rosseba AB et al. (2008). Intensive Lipid Lowering with Simvastatin and Ezetimibe in Aortic
Stenosis. N Engl ] Med 10.1056

[3] Carabello BA, Paulus WJ. (2009) Review. Aortic stenosis. The lancet vol 373,march 14, 2009

[4] Roberts WC, Ko JM. (2005). Frequency by decades of unicuspid, bicuspid, and tricuspid aortic
valves in adults having isolated aortic valve replacement for aortic stenosis, with or without
associated aortic requrgitation. Circulation 2005;111:920-5.

[5] Novaro GM, Katz R, Aviles R], Gottdiener JS, Cushman M, Psaty BM, Otto CM, Griffin
BP.(2007). Clinical Factors, But Not C-Reactive Protein, Predict Progression of Calcific
Aortic-Valve Disease The Cardiovascular Health Study. Journal of the American
College of Cardiology Vol. 50, No. 20, 2007

[6] Galante A, Pietroiusti A, Vellini M, et al. (2001). C-reactive protein is increased in patients
with degenerative aortic valvular stenosis. ] Am Coll Cardiol 2001;38:1078-1082.

[7] Rajamannan NM, Edwards WD, Spelsberg TC. (2003). Hypercholesterolemic aortic valve
disease. N Engl ] Med 2003; 349:717-718.

www.intechopen.com



20 Aortic Stenosis — Etiology, Pathophysiology and Treatment

[8] O’'Brien KD, Reichenbach DD, Marcovina SM, et al. (1996). Apolipoproteins B, (a), and E
accumulate in the morphologically early lesion of ‘degenerative” valvular aortic stenosis.
Arterioscler Thromb Vasc Biol 1996; 16:523-532.

[9] Mouraa LM, Magantib K, Puthumanab JJ, Rocha-Gonc F, Alvesc and Rajamannan NM.
(2007). New understanding about calcific aortic stenosis and opportunities for
pharmacologic intervention. Current Opinion in Cardiology 2007, 22:572-577

[10] Rajamannan NM, Subramaniam M, Rickard D et al. (2003). Human aortic valve
calcification is associated with an osteoblast phenotype. Circulation.2003;107:2181-2184.

[11] O’'Brien KD, Shavelle DM, Caulfield MT et al. (2002). Association of angiotensin-
converting enzyme with low-density lipoprotein in aortic valvular lesions and in human
plasma. Circulation. 2002;106:2224-2230.

[12] Rajamannan NM, Otto CM, MD (2004). Targeted Therapy to Prevent Progression of Calcific
Aortic Stenosis. Circulation September 7, 2004

[13] Moulton KS, Vakili K, Zurakowski D, Soliman M, Butterfield C, Sylvin E, Lo KM,
Gillies S, Javaherian K, Folkman ]. (2003). Inhibition of plaque neovascularization
reduces macrophage accumulation and progression of advanced atherosclerosis. Proc Natl
Acad Sci U S A. 2003;100:4736-4741.

[14] Deckers MM, van Bezooijen RL, van der Horst G, Hoogendam ], van Der Bent C,
Papapoulos SE, Lowik CW. (2002). Bone morphogenetic proteins stimulate angiogenesis
through osteoblast-derived wvascular endothelial growth factor A. Endocrinology.
2002;143:1545-1553.

[15] Rajamannan NM, Nealis TB, Subramaniam M, Pandya S, Stock SR, Ignatiev CI, Sebo
TJ, Rosengart TK, Edwards WD, McCarthy PM, Bonow RO, Spelsberg TC. (2005).
Calcified Rheumatic Valve Neoangiogenesis Is Associated With Vascular Endothelial
Growth Factor Expression and Osteoblast-Like Bone Formation. Circulation.
2005;111:3296-3301.

[16] Caira FC, Stock SR, Gleason TG, McGee EC, Huang J, Bonow RO, Spelsberg TC,
McCarthy PM, Rahimtoola SH, Rajamannan NM. (2006). Human Degenerative Valve
Disease Is Associated With Up-Regulation of Low-Density Lipoprotein Receptor-Related
Protein 5 Receptor-Mediated Bone Formation. ] Am Coll Cardiol 2006;47:1707-12

[17] Rajamannan NM. (2011). Bicuspid aortic valve disease: the role of oxidative stress in Lrp5
bone formation. Cardiovascular Pathology (2011) in press.

[18] Otto CM. (2006) Valvular Aortic Stenosis. Disease Severity and Timing of Intervention.
Journal of the American College of Cardiology Vol. 47, No. 11, 2006

[19] Rajamannan NM. (2005) Calcific Aortic Stenosis: Medical and Surgical Management in the
Elderly. Current Treatment Options in Cardiovascular Medicine 2005, 7:437-442

[20] ACC/AHA 2006 Guidelines for the Management of Patients With Valvular Heart Disease

[21] Bonow RO, Carabello BA, Kanu C, et al. ACC/AHA 2006 guidelines for the management of
patients with wvalvular heart disease: a report of the American College of
Cardiology/American Heart Association Task Force on Practice Guidelines. Circulation
2006; 114:e84-e231.

[22] Stone PH. (2007). C-Reactive Protein to Identify Early Risk for Development of Calcific Aortic
Stenosis Right Marker? Wrong Time? Journal of the American College of Cardiology
Vol. 50, No. 20, 2007

[23] Antonini-Canterin F, Leiballi E, Enache R,. Popescu BA, Rosca M, Cervesato E, Piazza
R, Ginghina C°, Nicolosi GL. (2009). Hydroxymethylglutaryl Coenzyme-A Reductase
Inhibitors Delay the Progression of Rheumatic Aortic Valve Stenosis A Long-Term

www.intechopen.com



Aortic Stenosis - New Insights in Stenosis Progression and in Prevention 21

[31]

[32]

[33]

[39]

[40]

Echocardiographic Study. Journal of the American College of Cardiology Vol. 53, No.
20, 2009

Rajamannan NM, Subramaniam M, Springett M et al. (2002). Atorvastatin inhibits
hypercholesterolemia-induced cellular proliferation and bone matrix production in the
rabbit aortic valve. Circulation 2002;105: 2660-5.

Gunduz H, Akdemir R, Binak E et al. (2003). Can serum lipids and CRP levels predict the
“severity” of aortic valve stenosis? Acta Cardiol 2003;58:321- 6.

Gerber IL, Stewart RAH, Hammett CJK et al. (2003). Effect of aortic valve replacement on
C-reactive protein in nonrheumatic aortic stenosis. Am J Cardiol 2003;92:1129 -32.

Ortlepp JR, Hoffmann R, Ohme F et al. (2001). The vitamin D receptor genotype
predisposes to the development of calcific aortic valve stenosis. Heart 2001; 85:635-638.

Avakian SD, Annicchino-Bizzacchi JM, Grinberg M et al. (2001). Apolipoproteins Al, B,
and E polymorphisms in severe aortic valve stenosis. Clin Genet 2001; 60:381-384.

Kamalesh et al. (2009) Does diabetes accelerate progression of calcific aortic stenosis?
European Journal of Echocardiography, 30 aprile 2009

Yu PJ, Skolnick A, Ferrari G, Heretis K, Mignatti P, Pintucci G, Rosenzweig B, Diaz-
Cartelle J, Kronzon I, Perk G, Pass HI, Galloway AC, Grossi EA, Grau JB. (2009).
Correlation between plasma osteopontin levels and aortic valve calcification: potential
insights into the pathogenesis of aortic wvalve calcification and stenosis. ] Thorac
Cardiovasc Surg. 2009 Jul;138(1):196-9

Grau ].B., Sainger R., Poggio P., Seefried W.F., Field B., Koka E., Ferrari G.. (2011).
Dephosphorilation of circulating human Osteopontin correlates with severe valvular
calcification in patiemts wuth Calcific Aortic Valve Degeneration. In press. Per
concessione dell’autore.

Stewart BF, Siscovick D, Lind BK et al. (1997). Clinical factors associated with calcific aortic
valve disease. Cardiovascular Health Study. ] Am Coll Cardiol 1997, 29:630-634.

Ridker PM, Danielson E, Fonseca FAH, Genest ], Gotto AM, Kastelein JJP, Koeni W,
Libby P, Lorenzatti AJ, MacFadye ]G, Nordestgaard BG, Shepherd ], Willerson JT,
and Glynn RJ for the JUPITER Study Group. (2008). Rosuvastatin to Prevent Vascular
Events in Men and Women with Elevated C-Reactive Protein N Engl ] Med
2008;359:2195-207.

O’Brien KD. (2006). Pathogenesis of calcific aortic valve disease: a disease process comes of age
(and a good deal more). Arterioscler Thromb Vasc Biol 2006,26:1721- 8.

Helske S, Lindstedt KA, Laine M et al. (2004). Induction of local angiotensin II-producing
systems in stenotic aortic valves. ] Am Coll Cardiol 2004;44:1859-66.

Rosenhek R, Rader F, Loho N et al.(2004). Statins but not angiotensin-converting enzyme
inhibitors delay progression of aortic stenosis. Circulation 2004; 110:1291-1295.

Lonn E. Angiotensin-converting enzyme inhibitors and angiotensin receptor blockers in
atherosclerosis.(2002). Curr Atheroscler Rep. 2002;4: 363-372.

O’Brien KD, Zhao XQ, Shavelle DM et al. (2004). Hemodynamic effects of the angiotensin-
converting enzyme inhibitor, ramipril, in patients with mild to moderate aortic stenosis and
preserved left ventricular function. ] Investig Med. 2004;52:185-191.

Sarphie TG. (1986). A cytochemical study of the surface properties of aortic and mitral valve
endothelium from hypercholesterolemic rabbits. Exp Mol Pathol. 1986; 281-296.

Rajamannan NM, Subramaniam M, Caira F, Stock SR, Spelsberg TC. (2005).
Atorvastatin inhibits hypercholesterolemia-induced calcification in the aortic valves via the
Lrp5 receptor pathway. Circulation. 2005;112(Suppl I):1-229-1-234.

www.intechopen.com



22

Aortic Stenosis — Etiology, Pathophysiology and Treatment

[41]

[42]

Mohler ER III, Gannon F, Reynolds C, Zimmerman R, Keane MG, Kaplan FS. (2001).
Bone formation and inflammation in cardiac valves. Circulation. 2001;103: 1522-1528.
Nagy E, Andersson DC, Caidahl K, Eriksson MJ, Eriksson P, Franco-Cereceda A,
Hansson GK and Back M. (2011). Upregulation of the 5-Lipoxygenase Pathway in
Human Aortic Valves Correlates With Severity of Stenosis and Leads to Leukotriene-

Induced Effects on Valvular Myofibroblasts. Circulation. 2011;123:1316-1325

Cowell SJ, Newby DE, Prescott R], Bloomfield P, Reid ], Northridge DB, Boon NA.
(2005). A randomized trial of intensive lipid-lowering therapy in calcific aortic stenosis. N
Engl ] Med. 2005;352:2389-2397.

Newby DE, Cowell SJ, Boon NA.(2006). Emerging medical treatments for aortic stenosis:
statins, angiotensin converting enzyme inhibitors, or both? Heart, 2006 Jun;92(6):729-34

Moura LM, Ramos SF, Zamorano JL, Barros IM, Azevedo LF, Rocha-Gongalves F,
Rajamannan NM. (2007). Rosuvastatin Affecting Aortic Valve Endothelium to Slow the
Progression of Aortic Stenosis. ] Am Coll Cardiol 2007;49:554-61

Parolari A, Tremoli E, Cavallotti L, Trezzi M, Kassem S, Loardi C, Veglia F, Ferrari G,
Pacini D, Alamanni F. (2011). Do statins improve outcomes and delay the progression of
non-rheumatic calcific aortic stenosis? Heart. 2011 Apr;97(7):523-9.

Parolari A, Loardi C, Mussoni L, Cavallotti L, Camera M, Biglioli P, Tremoli E,
Alamanni F.(2009). Nonrheumatic calcific aortic stenosis: an overview from basic science
to pharmacological prevention. Eur ] Cardiothorac Surg. 2009 Mar;35(3):493-504

Steffel J, Braulwald E. (2011). Noval anticoagulants: focus on stroke prevention and
treatment of venous thrombo-embolism. Eur Heart J. 2011 Mar 18

Ordovas Baines JP, Climent Grana E, Jover Botella A, Valero Garcia 1. (2009).
Pharmacokinetics and pharmacodynamics of the new oral anticoagulants dabigatran and
rivaroxiban. Farm Hosp. 2009 May-June; 33(3):125-33

Iung B, Cachier A, Baron G, Messika-Zeitoun D, Delahaye F, Tornos P et al. (2005).
Decision making in elderly patients with severe aortic stenosis: why are so many denied
surgery? Eur Heart ] 2005; 26:2714-2720.

Cribier A, Eltchaninoff H, Tron C, Bauer F, Agatiello C, Sebagh L et al. (2004). Early
experience with percutaneous transcatheter implantation of heart valve prosthesis for the
treatment of end-stage inoperable patients with calcific aortic stenosis. ] Am Coll Cardiol
2004; 43:698-703.

Iung B, Baron G, Butchart EG, Delahaye F, Gohlke-Ba'rwolf C, Levang OW et al.
(2003). A prospective survey of patients with valvular heart disease in Europe: the Euro
Heart Survey on valvular disease. Eur Heart ] 2003; 24:1231- 1243.

www.intechopen.com



Aortic Stenosis - Etiology, Pathophysiology and Treatment
AORTIC STENOSIS Edited by Dr. Masanori Hirota

ETIQLOGY, PATHOPHYSIOROGY AND
TREATMENT

Eded by Masanadd Hirena

ISBN 978-953-307-660-7

Hard cover, 254 pages

Publisher InTech

Published online 10, October, 2011
Published in print edition October, 2011

Currently, aortic stenosis (AS) is the most prevalent valvular disease in developed countries. Pathological and
molecular mechanisms of AS have been investigated in many aspects. And new therapeutic devices such as
transcatheter aortic valve implantation have been developed as a less invasive treatment for high-risk patients.
Due to advanced prevalent age of AS, further discovery and technology are required to treat elderly patients
for longer life expectancy. This book is an effort to present an up-to-date account of existing knowledge,
involving recent development in this field. Various opinion leaders described details of established knowledge
or newly recognized advances associated with diagnosis, treatment and mechanism. Thus, this book will
enable close intercommunication to another field and collaboration technology for new devices. We hope that it
will be an important source, not only for clinicians, but also for general practitioners, contributing to
development of better therapeutic adjuncts in the future.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:

Parolari Alessandro, Trezzi Matteo, Merati Elisa, Filippini Sara and Alamanni Francesco (2011). Aortic
Stenosis - New Insights in Stenosis Progression and in Prevention, Aortic Stenosis - Etiology, Pathophysiology
and Treatment, Dr. Masanori Hirota (Ed.), ISBN: 978-953-307-660-7, InTech, Available from:
http://www.intechopen.com/books/aortic-stenosis-etiology-pathophysiology-and-treatment/aortic-stenosis-new-
insights-in-stenosis-progression-and-in-prevention

INTECH

open science | open minds

InTech Europe InTech China

University Campus STeP Ri Unit 405, Office Block, Hotel Equatorial Shanghai

Slavka Krautzeka 83/A No.65, Yan An Road (West), Shanghai, 200040, China

51000 Rijeka, Croatia FE EBHIERFEK6SS iEEPrRE ARG DA E4058TT
Phone: +385 (51) 770 447 Phone: +86-21-62489820

Fax: +385 (51) 686 166 Fax: +86-21-62489821

www.intechopen.com



© 2011 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Atiribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.




