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ABSTRACT

Aortic Stenosis (AS) has become the most frequent valvular heart disease in the western countries with increased preva-
lence in the elderly. It is associated with very poor prognosis in the absence of surgical treatment and worse quality of
life. Patients aged between 80 - 85 years with no major comorbidities and left ventricular ejection fraction between 30%
- 50% are still not referred to valve surgery, even if these subjects would likely benefit from surgery in terms of dura-
tion and quality of life as compared with the expected outcome of the disease. The decision making process in octoge-
narian population are not only related to the decision of whether to operate or not, but also to the timing of surgery. The
identification of symptoms related to AS is difficult in the elderly and this also delay surgery. Balloon Aortic Valvu-
loplasty (BAV) and, in the recent years, Transcatheter Aortic Valve Implantation (TAVI) seem to offer an additional
chance of valve correction, in patients at high surgical risk or inoperable. For ethical reasons, the first TAVI cases were
performed exclusively on patients who had contraindications to surgery because of end stage heart disease and/or severe
comorbidities. This accounted for high mid-term mortality rates; however, these findings demonstrated the feasibility of
this alternative approach. An overall patient evaluation based on a team approach (involving cardiologists, surgeons and
geriatricians) is essential. Results from randomized clinical trials on elderly patients who underwent TAVI are encour-

aging and result from one and two years follow-up are now available.
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1. Introduction

Aortic Stenosis (AS) has become the most frequent val-
vular heart disease in the western world with an increas-
ing prevalence in the elderly, while in older subjects it is
a major cause of morbidity. When we say “old”, we have
to stress that the ageing process is highly individual and
even if the age of 65 is frequently used as the indicator of
the beginning of old age, the biological or physiological
age of an individual is much more important. It provides
us with a more accurate evaluation of the patient’s “fra-
gility” and how he/she may react to therapy. The lower
limit of senescence is seventy years of age since the in-
cidence of changes correlated to ageing increases strongly
between seventy and seventy-five. Eighty-five years of
age may be considered the borderline age for senescence
if we keep in mind that the clinical fragility of most indi-
viduals is related to some form of organic dysfunction
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(dementia affects more than 50% of people over eighty-
five years of age) [1-3].

1.1. Epidemiology and Aetiology in the Elderly

The Cardiovascular Health Study, which involved 5201
men and women older than 65 years of age, showed that
26% of the participants had aortic sclerosis (a thickening
of the valve or calcification without significant obstruc-
tion). A clear rise in the prevalence of sclerosis and ste-
nosis was seen with increasing age: 20% in patients aged
65 - 75 years, 35% in those aged 75 - 85 years and 48%
in those older than 85 years, whereas severe aortic steno-
sis increased by 1% - 3%, 2% - 4% and 4%, respec-
tively [4]. Aronow et al. observed that AS, as diagnosed
by Doppler-echocardiography, was present in 141 of 924
men (15%), mean age 80, and in 322 of 1881 women
(17%), mean age 81. In a cohort of 2805 elderly patients,
severe AS was diagnosed in 62 cases (2%), moderate AS
was present in 149 (5%), and mild AS occurred in 25
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(9%) [5].

With the decline of acute rheumatic fever, calcific aortic
stenosis has become the most common indication for val-
vular disorder in thewestern countries, especially in adults
of advanced age (2% - 7% of the population >65 years),
(Figure 1) [6-8]. Recent descriptive studies from patient
specimens have demonstrated the hallmark features of
aortic valve disease: including early atherosclerosis, cell
proliferation and osteoblast expression. To understand
aortic valve disease, three interrelated events responsible
for the development of valve calcification to consider:
classical cardiovascular risk factors, genetic factors and
valve biology. The interrelationship of these three path-
ways leading to the development of human aortic valve
calcification can be found in many experimental and cli-
nical studies as reported by Rajamannan [9]. In the past
decade, large epidemiologic cohort studies showed as the
traditional risk factors for cardiovascular atherosclerosis
(such as lipids, hypertension, male gender, renal failure,
and diabetes) were also important in the development of
calcific aortic stenosis.

The role of lipids as a risk factor for vascular athero-
sclerosis has been defined in the literature for years. The
understandings of these clinical risk factors are providing
the foundation for the cellular studies and the potential
for targeted medical therapies for this disease similar to
vascular atherosclerosis. The discovery of atherosclerosis
in the aortic valve in patients with familial hypercholes-
terolemia provides the initial proof for potential treat-
ment with lipid-lowering drugs to control the progression
of aortic valve disease. Recent clinical trials don’t con-
firm it and anyway mechanism of the effect of statins on
the disease process in the aortic valve remains unclear.
[10]

In addition, Angiotensin-Converting Enzyme (ACE) and
angiotensin II type 1 and type 2 receptors are present in
aortic stenosis, implicating this signaling pathway in the
disease process. The hemodynamic effects of ACE in-
hibitors might obscure the effects at the tissue level by
changing the flow conditions across the valve [11].
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Figure 1. Differences in aetiology of aortic stenosis based on
a cut-off age of 70 years.
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In conclusion, despite many studies in this direction,
actually there is no medical therapy able to slow discase
progression, even more in the elderly, where disease is
more represented daily.

1.2. Physiology

AS is defined as an obstacle to the blood flow through
the aortic valve in the systolic ejection of the Left Ventri-
cle (LV). This obstacle in LV outflow leads to increases
in both systolic pressure and in diastolic LV pressure,
prolonged ejection time, and a decrease in aortic pressure,
thus establishing a trans-valve gradient [12,13]. These
alterations occur when the aortic area is reduced to at
least 50%. The pressure overload is compensated by the
myocardial hypertrophy, without LV enlargement (con-
centric hypertrophy) and so normal systolic function may
be preserved for many years. Increased systolic pressure,
ventricular mass and ejection time all result in higher
oxygen consumption in the myocardium. Prolonged out-
flow time will result in a reduction in diastolic time, an
increase in diastolic pressure and a decrease in aortic
pressure. This will lead to a decrease in coronary perfu-
sion and the consequent reduction of oxygen supply to
the cardiomyocytes. Themyocardial ischemia that occurs
due to these alterations will further worsen LV function.
In a more advanced phase, disease progression will pro-
duce a mismatch between ventricular pump function and
afterload (afterload mismatch). Hence, we observe ven-
tricular chamber enlargement, reduced cardiac output and
ejection fraction, and increases in both diastolic filling
pressure and pulmonary pressure. This phase generally
coincides with symptoms that usually begin around the
sixth decade of life after a long period of latency, and is
characterized by progressive thickening and calcification
of a congenital or rheumatic aortic valve and/or progres-
sive myocardial dysfunction. In the 1960s, the first pre-
load reserve and afterload mismatch studies were carried
out. In 1964, Ross and Braunwald documented how the
LV potential reserve is exhausted as the afterload in-
creases. In later laboratory studies on animals, preload,
inotropism and cardiac frequency were kept constant and
afterload changes alone were induced. In this setting,
sudden afterload changes in the normal heart reduced
stroke volume and vice-versa [14]. Other studies on
healthy hearts confirmed the inverse relationship be-
tween afterload and stroke volume when the preload is
kept unchanged. Preload variations on the other hand can
change this correlation. When afterload increases, and if
preload also increases to compensate, stroke volume will
not vary substantially. When the preload reserve is sur-
passed, thus causing heavily elevated ventricular filling
pressures, any further afterload increase will result in a
reduction in the stroke volume. Afterload mismatch is the
inability of the LV to maintain adequate stroke volume as
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the afterload increases despite a preload increase. In se-
vere AS, when ejection fraction diminishes, the LV pre-
load reserve is even more limited by cardiac hypertrophy
[15]. As the diameter of the valvular orifice decreases,
the LV afterload further increases with a net reduction of
ejection fraction, mainly due to the absence of preload
reserve. If the patient undergoes AVR, ejection fraction
will improve remarkably because of the net reduction of
afterload. However, this only occurs if the myocardium is
not overly impaired prior to surgery. As a consequence,
the timing decision for valve replacement is crucial: dis-
tinguishing between impaired LV function due to after-
load mismatch or due to irreversible myocardial damage
is difficult in basal conditions. When LV function begins
to diminish, the pressure-volume curve shows an increase in
both the end-diastolic volume (preload reserve) and the
systolic wall stress. In this first phase, the ejection frac-
tion is preserved. As the AS worsens, afterload increases,
preload reserve is worn out, and cardiac stroke and ejec-
tion fraction are remarkably reduced [16,17].

1.3. Natural History

AS is a progressive disease and its severity increases with
time. Over a long, latent period, patients remain asymp-
tomatic but the duration of the asymptomatic phase varies
widely among individuals. The elderly also have differ-
ent, often more complicated health care problems, such
as multiple disorders, which may require use of many drugs
(polypharmacy). Diagnosis may be complicated, result-
ing in delays or missed diagnoses, and sometimes drugs
are used inappropriately. Early detection of problems re-
sults in early intervention, which can prevent deteriora-
tion and improve quality of life often through relatively
minor, inexpensive interventions (e.g. lifestyle changes).

1.3.1. Clinical Features

Early features may be relatively non-specific, such as
palpitations, dizziness and fatigue, and some people may
be unaware of a gradual decline in their exercise capacity.
It is therefore important to be aware of the possibility of
aortic stenosis, and we suggest that auscultation at the
apex and right parasternal position should be performed
in every patient aged over 70 years who presents with
such symptoms. As soon as symptoms occur, survival
becomes poor and mortality has been reported to be quite
significant, occurring even within months from symptom
onset [18]. In particular, the average survival rate after
the onset of angina pectoris was estimated at 5 years in
patients with severe AS, while after the onset of syncope
it was 3 years, and the average survival rate after the on-
set of congestive heart failure was 1.5 - 2 years (Figure 2)
[19]. In 4% of the patients with aortic stenosis, the first
symptom issudden death, usually during strenuous exer-
tion. Patients with symptomatic, severe AS have a poor
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prognosis. Data from the National Institutes of Health
reveal that 52% of patients with symptomatic, severe AS
who did not undergo surgery died within 5 years, and
that at 10-year follow-up, 90% of these patients were de-
creased. Moreover, patients with severe AS and pulmo-
nary hypertension who do not undergo Aortic Valve Re-
placement (AVR) have an 80% mortality rate at a me-
dian follow-up of 436 days [20,21].

1.3.2. Asymptomatic Patients

Studies have shown that patients with severe, asympto-
matic AS are at low risk of sudden cardiac death (approx.
1%/year) [22,23]. Pellikka et al. followed-up 622 patients
with asymptomatic AS and peak systolic velocity >4
m/sec. Patients who did not undergo surgery had pro-
bability of remaining cardiac-symptom free of 82%, 67%,
and 33% at 1, 2, and 5 years, respectively. These authors
found that aortic valve area and left ventricular hyper-
trophy predicted symptom development, and in fact, pa-
tients with peak aortic jet velocity >4.5 m/sec had a
greater likelihood of developing symptoms or having sur-
gery or cardiac death [22]. These data were confirmed by
Rosenhek, R. et al. who followed-up 116 asymptomatic pa-
tients with very severe, isolated aortic stenosis (defined by
a peak aortic jet velocity >5.0 m/sec). Despite being as-
ymptomatic, these patients had a poor prognosis, a high
event rate (Event-free survival was 64%, 36%, 25%, 12%,
and 3% at 1, 2, 3, 4, and 6 years, respectively), and a risk
of rapid functional deterioration. Early elective valve re-
placement surgery was therefore taken into consideration
for these patients [24]. In the population-based KORA/
MONICA survey, age andbaseline status of smoking and
total cholesterol levels were predictive of significant AS
[25].

1.3.3. Identification of High Risk Patients

The following predictors of the progression of AS and/or
of poor outcome in asymptomatic patients were recently
proposed:
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Figure 2. The natural history of aortic stenosis: average
survival after onset of symptoms.
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e C(linical factors (older age, presence of atheroscle-
rotic risk factors). Peltier et al. analysed the relation-
ship between cardiovascular risk factors and non-
rheumatic, calcific AS in 220 patients (mean age 68 +
9 years).They found that total cholesterol (>200
mg/dl), BMI (>30 kg/m?), history of smoking and
systemic hypertension were all independent markers
of AS [26].

e Echocardiographic data (valve calcification, peak
aortic jet velocity, LVEF, haemodynamic progression
and increase in gradient with exercise). The combina-
tion of a markedly calcified valve and a rapid increase
in velocity of 0.3 m/sec within 1 year has been shown
to identify a high-risk group of patients (80% death or
need for surgery within 2 years) [27].

e Results from exercise testing: Symptom development
during exercise testing in physically active patients
(particularly those younger than 70 years of age) pre-
dicts a very high likelihood of symptom development
within 12 months [28]. Recent data-demonstrate a
lower positive predictive value for abnormal blood
pressure response, and even more so for ST-segment
depression, than symptoms for poor outcome.

2. Diagnosis: Role of Cardiac Imaging

Aortic stenosis in elderly people may be without clinical
signs. Echocardiography has become the key tool for the
diagnosis and evaluation of valve disease, and is the pri-
mary non-invasive imaging method for valve stenosis
assessment. Routine echocardiography increases the sen-
sitivity of the clinical diagnosis, and may have major
therapeutic implications for the elderly patient. The current
American College of Cardiology/American Heart Asso-
ciation guidelines for the management of valvular heart
disease recommend echocardiography for “holo-systolic or
late systolic” and “grade 3 or greater mid-systolic” mur-
murs [28].

M-mode and 2-dimensional echocardiography can de-
tect thickening, calcification, and a reduced excursion of
aortic valve leaflets, they can also reveal the presence of
LV hypertrophy, measure chamber size and LV end-
systolic and end-diastolic volume, and assess LV ejection
fraction and global and regional LV wall motion [29].

Doppler echocardiography is used to measure peak
and mean gradients across the aortic valve and to identify
associated valve lesions. Aortic valve area can be calcu-
lated by the continuity equation using pulsed Doppler
echocardiography to measure LV outflow tract velocity,
continuous-wave Doppler echocardiography to measure
flow velocity, and 2 dimensional long-axis views to meas-
ure LV outflow tract area [30-32].

By matching data from valvular area and pressure gra-
dients it is possible to definesevere AS when peak Dop-
pler velocity is greater than 4 m/sec and the mean pres-
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sure gradient is greater than 40 mmHg according to the
American guidelines, or 50 mmHg according to the Euro-
pean guidelines [28]. With regard to clinical decision-
making, valve area should be considered together with
flow rate, pressure gradient and ventricular function, as
well as with functional status. Although AS with a valve
area <1.0 cm” is generally considered severe, indexing to
Body Surface Area (BSA), with a cut-off value of 0.6
cm’/m” BSA is especially helpful in patients with either
unusually small or large BSA; the elderly patient is some-
time cachectic and has a very small BSA [33].

Low-pressure gradients may be observed in patients
with severe AS and depressed LV function. As soon as
the mean gradient is 40 mmHg, even a small valve area
does not definitelyconfirm severe AS since mild-to-mo-
derately diseased valves may not open fully, thus result-
ing in a “functionally small valve area (pseudo-severe
AS)” [28].

In this setting, stress echocardiography using low-dose
dobutamine (DOB) may be helpful to distinguish truly
severe AS from the rare cases of pseudo-severe AS.
Truly severe AS shows only small changes in valve area
(increase <0.2 cm?) with increasing flow rate but signifi-
cant increases in gradients (maximum value of mean gra-
dient >50 mmHg), whereas pseudo-severe AS shows
marked increases in valve area but only minor changes in
gradients. Moreover, DOB stress-echo may detect the
presence of contractile reserve, defined as an increase
(>20%) of stroke volume during low-dose DOB infusion,
which has important prognostic implications [34]. Echo-
cardiographic evaluation can identify co-existing valvu-
lar lesions such as mitral annular calcifications in dege-
nerative disease and rheumatic mitral valve disease, as
well as asymmetric dynamic sub-aortic obstruction espe-
cially in elderly women. Doppler estimation of pulmonary
systolic pressure completes the data for the therapeutic
and prognostic implications.

Transesophageal echocardiogram is rarely needed, how-
ever, it can be useful to allow valve planimetry espe-
cially when transthoracic visualization is poor. In the TAVI
(Transcatheter Aortic Valve Implantation) Era, precise
annulus and aortic root measurements is fundamental.
Knowing the exact position of the coronary ostii and
their precise distance from the annulus is essential during
TAVI procedures [32].

Computed Tomography (CT) can provide a quantita-
tive assessment of valve calcification and has been
shown to correlate with echocardiographic assessment
and clinical outcome. The role of CT in clinical man-
agement is not yet well defined, butmay facilitate the
selection of candidates for transcatheter aortic valve. In
TAVI patients multi slice CT can provide detailed in-
formation on the shape of the aortic annulus, that is
commonly eccentric and often oval, and the relation be-
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tween the annulus and the ostium of the coronary arteries.
In these patients CT is also used to assess calcification
and tortuosity of femoroiliac vascular axes [35].

Due to the high accuracy of ultrasound assessment of
AS severity, cardiac catheterization is currently devoted
to exclude the presence of associated coronary artery
disease.

3. Traditional Surgery and New Therapeutic
Options

3.1. Traditional Aortic Valve Replacement

The only effective treatment in adult patients with severe
symptomatic calcific aortic stenosis is AVR or, in se-
lected patients in the last years, an interventional treat-
ment with TAVI. However, not all patients are good
candidates for surgery and these results in a low number
of operations compared to the prevalence of the disease.

As far as elderly patients are concerned, most series
published in the last 10 years have reported operative
mortality rates of approx. 10% among the octogenarian
population. Operative morbidity is also higher than in
younger patients, and in particularthe frequency of stroke
is reportedbetween 5% - 10%. Post-operative stroke is
more frequent in patients who undergo associated coro-
nary artery bypass grafting, most likely due to the impact
of associated atherosclerosis [36]. Besides estimating
mean operative mortality, risk assessment should be ada-
pted to the patient’s characteristics. Large series have
shown a strong link between operative mortality and the
following predictive factors:

e Advanced stage of heart disease (NYHA class IV,
decreased left ventricular ejection fraction, or con-
comitant presence of a trial fibrillation).

e Comorbidities, in particular chronic obstructive pul-
monary disease, renal insufficiency and diabetes.

e Need for urgent surgery.

e Associated atherosclerosis: significant coronary artery
disease is present in approximately half of the patients
over 75 years of age with AS, and they have a higher
frequency of post-operative stroke which has an im-
portant impact on operative mortality.

Individual risk assessment should also take into con-
sideration thepatient’s complete clinical profile including,
for example, porcelain aorta or prior radiation therapy.
Multivariate scores, like The European System for Cardiac
Operative Risk Evaluation (EuroSCORE), have been de-
veloped and validated to estimate operative mortality in
cardiac surgery according to cardiac and non-cardiac
characteristics. However, these scores have limitations
when dealing with heart valve diseases in the elderly
[37].

When assessing whether an octogenarian should un-
dergo Aortic Valve Replacement (AVR), clinicians should
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not solely rely on the EuroSCORE, but should also take
into account the degree of associated cardiomyopathy,
severity of pulmonary hypertension and overall assess-
ment of “frailty”. The patient’s willingness and desire for
surgery also play a significant part in the overall decision,
as do the experience and “track-record” of the surgical
team.

Osswald et al. analysed 1545 consecutive patients with
AS who underwent isolated surgical AVR between 1994
and 2006. Both additive and logistic EuroSCOREs were
calculated for each patient and summed for expected
30-day mortality. Expected and observed mortalities were
compared: 30-day mortality was low (34/1545, 2.2%)
and substantially overestimated by both additive (6.1%)
and logistic (9.3%) EuroSCOREs. Although both Euro-
SCOREs stratified patients monotonically with respect to
mortality risk, high-risk patients had a 3.6% mortality
rate (29/833), whereas additive and logistic EuroSCOREs
predicted 8.3% and 14.8%, respectively [38]. The more
recent the era of surgery, the more pronounced the dis-
crepancy between expected and observed mortalities was.
Shanmugan et al. also observed that it is very hard to
predict mortality for high-risk patients (with Euro-
SCORE > of 18 - 20). In this group, the perfect scoring-
system does not exist and therefore risk scores should not
be taken out of context when counselling patients, re-
gardless of their predictive accuracy. The reduced predic-
tive ability of multivariate scores in elderly patients is
probably related to the fact that high-risk groups only ac-
counted for a small proportion of the populations for
whom data were collected [38,39].

Life expectancy is most significantly influenced by
comorbidities, which should be carefully looked for.
Most works on TAVI point out the importance of assess
patient’s frailty for a better patient’s selection. The term
frailty is used to describe combinations of ageing, disease
and other factors that make some people vulnerable.
There is no broadly accepted definition or standard sys-
tem for classification of elderly people who are at risk for
adverse health outcomes. In addition to clinical evalua-
tion, semi-quantitative scoring systems such as Fried
Frailty Index, Columbia Frailty Index or Geriatric Status
Scale (GSS) may be helpful. The Italian observational
study on TAVI (OBSERVANT) is actually scoring pa-
tient on the basis of GSS [40]. After the post-operative
period, late results of AVR are usually good in the eld-
erly. 5-year survival rates are estimated at between 50% -
70% after AVR in the octogenarian population. Of course,
survival rates are lower than in younger patients, but they
are favourable if compared with life expectancy in the
general population of the same age. As compared to ex-
pected survival relative survival is especially good in the
elderly. In fact, a comparison of patients who had been
propensity-matched by risk profile (459 from each group)
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showed that the older group had a higher morbidity rate
(21.1% vs. 15.5%; p < 0.03) but a similar mortality rate
(5.2% vs. 3.3%; p = 0.19) compared with the younger group
[41]. Difficulties in decision making in this population
are not only related to the decision of whether to operate
or not, but also to the timing of surgery. Given the opera-
tive risk and the frequent reluctance of patients, surgery
is seldom taken into consideration at the very beginning
of symptoms. Symptoms are often difficult to interpret in
the elderly and this also tends to delay surgery. AS-re-
lated symptoms often do not occur in the elderly when
functional capability is limited by other reasons or when
they are difficult to distinguish from concomitant cardio-
respiratory illnesses. The Euro Heart Survey on valvular
heart disease provided infor- mation on the current cha-
racteristics and management of patients with AS. Of the
216 patients aged >75 years who had severe symptomatic
aortic AS, 72 (32%) were denied surgery. Left ventricu-
lar dysfunction and older age were the two main charac-
teristics associated with the decision not to operate (as
assessed by multivariate analysis), whereas comorbidities,
combined in the Charlson Co-morbidity Index (CSI), were
not significantly associated with the decision of whether
to operate or not [42-44].

Moreover, patients aged between 80 - 85 years with no
major comorbidities and left ventricular ejection fraction
between 30% - 50% are still not referred for valve sur-
gery because the risk/benefit ratio is not clear, even if
these subjects would likely benefit from surgery in terms
of duration and quality of life as compared with the spon-
taneous outcome of the disease. On the other hand, it is
surprising that the CSI was not significantly associated
with the decision not to operate. Most co-morbidities
increase the operative risk and are also associated with a
significant decrease in life expectancy, and therefore
have a negative impact on the risk/benefit ratio of AVR
[45-47].

3.2. Balloon Aortic Valvuloplasty (BAV)

Patients who are not eligible for AVR can be treated with
valvuloplasty and potentially with TAVI, a relatively
new procedure. Twenty years ago, Balloon Aortic Valvu-
loplasty (BAV) emerged as a promising alternative.
However, the achieved results in aortic valve area and in
aortic valve mean pressure gradient were lower than
what was obtained by surgical AVR, and furthermore,
balloon aortic valvuloplasty did not improve survival as
compared with natural history. Moreover, the NHLBI
(National Heart, Lung and Blood Institute) registry de-
monstrated high rates of acute complications with BAV.
Procedural mortality was 3% and major complications
occurred in up to 25% of patients [48]. This explains why
both current American College of Cardiology and Ame-
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rican Heart Association guidelines restrict indications for
BAYV to situations in which it is used as a bridge for sub-
sequent AVR. Furthermore, they also suggest that BAV
might be a reasonable palliative treatment in elderly pa-
tients with aortic stenosis in whom surgical AVR cannot
be performed because of serious co-morbid conditions.
Don et al. compared procedural and in-hospital outcomes
of BAV in patients below and above 80 years of age and
found that those aged over 80 had smaller post-BAV aortic
valve areas. Overall in-hospital mortality was 8.1% with
non-significant differences between the two groups. Ad-
vanced age was not an independent predictor of in-hos-
pital death, myocardial infarction, stroke, cardiac arrest
or tamponade. The only difference was that patients over
80 years of age had a significantly higher incidence of
intraprocedural intubation and cardiopulmonary resusci-
tation [48]. Moreover, after BAV there is a high resteno-
sis rate, up to 80% in 1 year.

3.3. Transcatheter Aortic Valve Implantation
(TAVI)

Percutaneous implantation of a transcatheter heart valve
prosthesis now seems to offer the possibility of a chance
in patients at high surgical risk or inoperable. For ethical
reasons, the first cases were performed exclusively on
patients who had contraindications to surgery because of
end stage heart disease and/or severe comorbidities. This
accounted for high mid-term mortality rates; however, it
demonstrated the feasibility of this approach. Clinical
criteria for select a patient for TAVI are illustrated in a
common position statement from different European as-
sociations [49]. When the prosthesis cannot be delivered
using an endovascular approach because of the peripheral
artery status, it can be inserted using a minimally inva-
sive, surgical approach. Alain Cribier described the first
transcatheter aortic valve implantation in 2002 via an an-
terograde transeptal approach; afterwards the retrograde
approach via femoral artery was developed. In the trans-
femoral procedureclose attention should be paid to the
vascular access: after arterial puncture or surgical expo-
sure, the femoral artery is dilated to accommodate the
delivery sheath. BAV is performed under conditions of
rapid pacing (200 beats/min) in order to minimize car-
diac output and therefore minimize balloon movement
upon inflation. When positioning is considered correct,
the prosthesis is released: rapid pacing is used at this
stage in balloon expandable but not in self-expanding
devices. Depending on the size of thevalve, and conse-
quently of the delivery sheath, closure of the vascular
access can be effected surgically or usinga percutaneous
closure device (Figure 3) [50].

In the transapical procedure access to the LV apex is
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gained through a left anterolateral mini-thoracotomy. The
apex is punctured and the native valve is crossed antero-
gradely. After BAV, the valve prosthesis is implanted
using a technique that is similar to the transfemoral ap-
proach. The LV apex is closed with a purse-string suture
[51]. Two alternatives to the previously discussed access
for patients with peripheral vasculopathy are: trans-sub-

ET AL

clavian approach (retrograde pathway that requires sur-
gical exposure of the subclavian artery) and trans-aortic
approach (retrograde approach that requires an upper
“J-shape” mini-sternotomy); the presence of “porcelain”
aorta and the risk of post-operative massive bleeding li-
mit this approach to selected cases [52-54].

Prosthesis characteristics:

Figure 3. Phases of percutaneous heart valve replacement (TAVI). (a) Edwards heart valve is guided under fluoroscopy im-
aging into the correct position; (b) Balloon is inflated to expand the prosthetic valve; (c) Maximal balloon inflation for valve

delivery; (d) Definitive valve positioning.

Figure 4. Valves used in percutaneous heart valve replacement (TAVI). (a) Edwards SAPIEN transcatheter heart valve (Ed-
wards Lifesciences, Irvine, California); (b) Medtronic CoreValve aortic prosthesis (Medtronic, Minneapolis, MN).

Copyright © 2012 SciRes.
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e FEdwards SAPIEN Valve: balloon-mounted bovine
pericardial valve within a stainless steel stent (Fig-
ure 4(a)). It is currently available in 2 sizes (23 and
26 mm) for transfemoral and transapical approach,
these valve diameters are suitable for implantation in
aortic annulus diameters from 18 to 25 mm. Further-
more there is a 29 mm prosthesis available only for
transapical approach. Improvement in technology
(mainly reduction in delivery profile) has increased
the number of patients who are eligible for this kind
of therapy and possibly reducing vascular complica-
tions [55].

e Medtronic CoreValve Revalving System: a porcine
pericardial valve sewn within a self-expanding nitinol
frame. It is currently available in diameters of 26 mm,
29 mm and 31 mm to allow implantation in aortic
valve annulus diameters up to 29 mm (Figure 4(b)).
The delivery catheter diameter has also undergone
generational changes to reduce the diameter from 25
French to the current 16 French that allows implanta-
tion in patients with iliac or sub-clavian artery di-
ameters of 6 mm or more [56].

The only currently published, multi-centre, rando-
mized trial regarding transcatheter valve implantation is
the PARTNER trial (The Placement of Aortic trans-
catheter-valve Trial) which includes patients with severe,
symptomatic aortic stenosis who are at high surgical risk
(cohort A) or who are not candidates for surgery (cohort
B). It compares Edwards SAPIEN Transcatheter Heart
Valve implantation versus other surgical replacement
valves (cohort A) and versus medical management and/or
balloon aortic valvuloplasty (cohort B). The primary end-
point is freedom from death [57]. Cohort B of the PART-
NER trial included 358 patients. Within the first 30 days,
strokes and major vascular complications were found to
be higher in the TAVI group, and the difference reached
statistical significance for vascular complications. At one
year, however, the rate of all-cause death was 30.7% in
the TAVI group compared with 50.7% in the standard-
therapy group. For those who survived 12 months, rates of
NYHA class 3 or 4 heart failure were dramatically lower
in the TAVI group [58]. Also results of PARTNER co-
hort A were positive. At 30 days, deaths were numeri-
cally lower in the TAVI group, but not statistically dif-
ferent (3.4% in the transcatheter group and 6.5% in the
surgical group; P = 0.07). By one year, deaths in both
groups were nearly identical and met the predefined de-
finition of non-inferiority (24.2% and 26.8% respectively;
P = 0.44). More patients undergoing transcatheter re-
placement had an improvement in symptoms at 30 days,
but by 1 year, there was not a significant between-group
difference [59]. Over the last few years several observa-
tional registry studies have been published and data are
now available. Data from German registry [60], Canadian
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registry [61], London study cohort [62] and French reg-
istry [63], show that short-term outcomes are usually
good, resulting in successful implantation and 30-day
survival rates medium of 94% and 89%, respec- tively. In
the Belgian registry one-month mortality was 12% for
the Edwards and 11% for the CoreValve treated patients.
One-year mortality was 22% in the CoreValve trans-
femoral treated patients, 0% in the CoreValve subclavian
treated patients, 18% in the Edwards transfemoral treated
patients and 37% in the Edwards transapical treated pa-
tients. These levels of mid-term mortality were mainly
caused by age-related, non-cardiac complications [64].
Italian data on 633 patients who underwent TAVI with
the third generation CoreValve device reported a proce-
dural success of 98%. The cumulative incidences of
mortality were 5.4% at 30 days, 12.2% at 6 months, and
15.0% at 1 year. Clinical and hemodynamic benefits ob-
served acutely after TAVI were sustained at 1 year [65].
With regards to two years follow-up: 126 patients un-
derwent TAVI using the 18-F Medtronic CoreValve were
examined. The overall technical success rate was 83.1%
and thirty-day all-cause mortality was 15.2% whereas at
2 years was 38.1%. Hemodynamic results remained un-
changed during follow-up, functional class improved in
80% of patients and remained stable over time and there
was no incidence of structural valve deterioration [66].
Two Danish trials are now on-going. The aim of the first
trial is to compare TAVI vs. SAVR in patients >70 years
with Medtronic valves, and in particular with regard to
long term outcome (5 year follow up) [67]. The second
will analyse the same problem with the SAPIEN valve
and will study early outcome [68].

4. Impact of TAVI in Elderly Subjects with
Aortic Stenosis

Data from more than 30 developed countries showed that
in 1950, the probability of survival from 80 years of age
to 90 years of age was on average 15% - 16% for women
and 12% for men. In 2002, these figureshad reached 37%
and 25%, respectively. With few exceptions, mortality
generally keeps falling in all selected countries for both
genders and at both ages. Nowadays, a 90 - 94-year-old
woman in Italy has a life expectancy of 4 years. TAVI
will improve life expectancy in those elderly in which
traditional surgery will be contraindicated due to high
aged surgical risk and complex comorbidities. TAVI will
require a multidisciplinary team that includes surgeons,
cardiologists, geriatricians, interventional cardiologists
and anaesthesiologists because the non-invasive treat-
ment has to be a personalized decision (based on scores,
but mainly on an overall evaluation of patient).

In an elderly population, mortality risk and quality of
life considerations are equally important to define the
final therapeutic option. One fifth of the patients who
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were discharged after traditional surgery experienced a
worsening of their quality of life and some lost their in-
dependence. Moreover, even successful valve replace-
ment does not prevent mortality that is attributable to the
patient’s comorbidities. Maximum survival must be ba-
lanced by the maximum level of satisfaction and general
well-being over years of survival. In octogenarians, sym-
ptom relief and improvement in quality of life should be
of greater importance than increased life expectancy. The
TAVI approach in older people will solve the aortic dis-
ease with less risk at surgery maintaining (or regaining)
as much personal independence as possible [57,69].

5. Conclusion

Aortic stenosis is the most common valvular disease in
the elderly. It is associated with very poor prognosis in
the absence of surgical treatment and very bad quality of
life. The high frequency of AS combined with the in-
creasing expected lifespan has generated a new category
of complex elderly patients with AS who are referred to
cardiac surgery. The new disposable therapeutic options,
ranging from valvuloplasty to TAVI, highlights the need
of a team approach involving clinicians and surgeons to
better define the best surgical options in the every elderly
patient.
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