Over the last decade, aortic valve stenosis (AVS) has been a constantly progressing illness in the Western
world, mainly affecting senior populations. Aortic valve replacement (AVR) under cardiopulmonary bypass,
the gold standard for more than 40 years, has been shown to be safe and efficient in relieving AVS
symptoms. Even though patient comorbidities have increased over time, AVR operative mortality has
constantly decreased in the elderly. Nevertheless, it is estimated that a third of people over 75 years of
age are rejected for conventional surgery because of severe associated comorbidities. Surgical risk
assessment is a complex process in these patients. Conventional risk assessment models, such as that of
the Society of Thoracic Surgeons computer software databases and EuroScore, have been helpful in the
process but not exclusively. Clinical judgement remains the cornerstone of the surgeon’s decision-making
process. Seniors’ demographics are expected to grow at a fast pace over the next decade, making less-
invasive procedures, such as transcatheter AVR, an attractive alternative. Since its clinical inception in 2001,
transcatheter AVR has gained in popularity but still carries significant risks. Similar to any new technology,
it remains a demanding approach with technical problems and difficulties. The current article surveys the
most recent literature on the topic to better define candidate selection for this innovative procedure.
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Percutaneous aortic valve implantation (PAVI)
is the result of close to a century of constant
struggle by physicians and scientists to correct
aortic valve disease. In 1912, Tuffier reported
the first indirect intervention for aortic valve
disease [1]. With his finger, he attempted to
invaginate the aortic wall through the sten-
otic aortic valve orifice in a 26-year-old patient
in the hope of enlarging the aortic valve area
(AVA). Although the patient recovered after the
attempt, no one knows if it was truly successful.
Almost 30 years later, Russell Brock attempted
to dilate a calcified aortic valve by introducing
an instrument through the brachio-cephalic
artery [2]. Lack of precision and residual aortic
insufficiency eventually precluded wide accept-
ance of the procedure. The first animal experi-
ments on direct valvulotomy of the aortic valve
were undertaken by Smithy ez a/. in 1947 at the
University of South Carolina in Charleston,
SC, USA 13]. For technical reasons and lack of
reliability, this procedure was also abandoned.
In the early 1950s, Hufnagel and Campbell in
Washington, DC, USA, developed an artificial
valve that could be implanted in the descend-
ing aorta in cases of aortic insufficiency [4.5].
The caged-ball valve they developed was first
implanted in a dog model, and soon thereafter,
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Hufnagel brought the concept to the clinical set-
ting with some success. In 1954, he described a
series of 23 patients and six operative deaths [6].
The valve could be implanted rapidly owing
to two external rings with multiple fixation
points. As the native dysfunctional valve was
left in place, only aortic insufficiency could be
addressed by this approach. Due to the remote
site of valve implantation, correction was partial.
The procedure was rapidly disregarded.

It was only after the advent of cardio-
pulmonary bypass (CPB) that aortic valve
replacement (AVR) at the aortic annulus level
became feasible. Bahnsen and Hufnagel inde-
pendently developed a single leaflet aortic valve
that was used intensively in the early days (7).
However, it was mainly the ball valve prosthe-
sis of Harken and Starr in the early 1960s that
launched the modern era of AVR worldwide
(89]. In 2001, Alain Cribier shocked the surgical
community when he reported the first human
implantation of a transcatheter-delivered aortic
prosthesis [10]. Since then, the procedure has
continually gained popularity [11-13].

For close to 40 years, direct AVR on CPB
has been the gold-standard treatment for aortic
valve stenosis. More than 200,000 procedures
are performed annually worldwide [14]. In 2006,
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according to the Society of Thoracic Surgeons
(STS) database, the average age of patients under-
going isolated AVR was 68 years, and operative
mortality was 2.5%. Over the last decade, despite
an increased prevalence of co-morbidities, opera-
tive mortality and stroke rate decreased by 24
and 27%, respectively, indicating improvement
of the current surgical technique and patient care.
Despite these advances, the recent European Heart
Survey revealed that close to 30% of patients over
75 years of age, diagnosed with severe aortic ste-
nosis (AS), were denied surgical AVR owing to
associated severe comorbidities, leaving room for
alternative therapy [15].

The presence of significant AS has been
known to compromise patient survival, but sur-
gical management has been shown to improve it.
The placement of transcatheter-delivered valves
in daily practice is not yet well defined. The fol-
lowing questions will be discussed in this article:
What are the indications for PAVI and transapi-
cal aortic valve implantation (TAVI)? What are
the procedural risks? How do PAVI and TAVI
compare with conventional AVR?

Life expectancy & aortic stenosis

Aortic stenosis is generally caused by calcifi-
cation of a tri-leaflet or a congenital bi-leaflet
valve that usually starts from the annulus to the
leaflet itself, imposing movement restriction.
Calcification is the result of lipid accumulation,
inflammation that resembles the atherosclerotic
process, and could also be initiated by rheumatic
disease [16-20]. According to the 2008 revised
American College of Cardiology/American
Heart Association (ACC/AHA) guidelines for
the management of patients with valvular heart
disease, AS severity is determined by more than
one criterion. As listed in Box 1, valve surface
area, mean transvalvular gradient and jet veloc-
ity are all specific elements that should be con-
sidered [21]. Surgical indication for aortic valve
correction is mainly based on clinical symptoms.
Some patients have no symptoms, even though
their stenosis is considered to be severe, whereas
others are symptomatic with moderate stenosis.
Symptoms rely on myocardial wall adaptation to
intraventricular pressure generated by increased
after-load. Lack of ventricular wall hypertrophy,
previous ventricular dysfunction and loss of
atrial contraction are factors that contribute to
symptom deterioration [22-2¢]. Speed of pro-
gression varies according to the etiology of AS;
senile stenosis progresses at a faster rate than
congenital and rheumatic stenosis [27]. Recent
prospective studies have demonstrated that once
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moderate AS (jet velocity 3 m/s) is diagnosed,
the average annual progression is 0.3 m/s for
velocity, 7 mmHg for the transvalvular gradi-
ent and a drop of 0.1 cm? for surface valvular
area [28]. Once patients develop symptoms, such
as angina, cardiac failure or syncope, life expect-
ancy is drastically reduced. The average survival
of these patients is less than 3 years, with a high
risk of sudden death justifying surgical correc-
tion [29-31]. However, the outcome is harder to
predict in asymptomatic patients.

The outcome of asymptomatic patients with
AS is comparable with age-matched, normal
adults without AS. However, when symptoms
appear, the prognosis changes considerably,
particularly in the presence of severe AS. In a
prospective study, Otto ez al. observed a 2-year
event-free survival rate of 84% in patients with
mild AS (jet velocity <3 m/s) compared with 21%
in those with severe AS (jet velocity >4 m/s) [32].
Others have also reported low event-free survival
at 5 years in severe AS patients [33,34]. Monitoring
of asymptomatic status is a key point in the
management of these patients. The ACC/AHA
2008 Task Force on Practice Guidelines recom-
mended annual echocardiography for asympto-
matic patients with severe AS, every 1-2 years for
those with mild AS, and every 3—5 years for mild
AS (Class I; level of evidence: B). As symptom
description is subjective, and elderly patients tend
to progressively adapt their physical activity to
their limited exercise tolerance, exercise testing
(ET) may be used for objective assessment. ET
is contra-indicated in symptomatic patients with
AS (Class III; level of evidence: C); however,
in asymptomatic patients, it may elicit exercise-
induced symptoms and abnormal blood pres-
sure responses (Class IIb; level of evidence: B).
Manifestation of symptoms, decreased systo-
lic pressure or low blood pressure responses
(<20 mmHg) during exercise may help identify
patients at risk of complications related to AS in
the following 2 years [35]. Recommendations of
the ACC/AHA Task Force on Valvular Disease
Guidelines are listed in Box2.

In summary, AVR is definitely recommended
(Class I; level of evidence: B) for symptomatic
patients with severe AS, patients with severe AS
and left ventricular ejection fraction (LVEF)
<50% (Class I; level of evidence: C), asympto-
matic patients with good ventricular function
and abnormal response to ET (Class II; level of
evidence: B) and patients with rapid AS pro-
gression. These recommendations were origi-
nally defined for conventional AVR but should
definitely be used as guidelines for PAVI as well.
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What is the current risk of

surgical AVR?

Browns’ publication in 2009, reporting the
STS database experience of single AVR in
928 STS-participating hospitals during the
period between 1997 and 2006, is quite rep-
resentative of current daily practice in North
America. More than 108,000 patients were
followed up. Patients with endocarditis and
incomplete charts were excluded. Remarkably,
during this period, mortality declined by 24%,
and risk-adjusted mortality fell by 33%, indi-
cating that even though patient comorbid-
ity increased significantly, surgical mortality
decreased dramatically [14]. The percentage of
bioprosthetic valve implantations went from
50% in 1997 to 78% in 2006, although mean
age rose by only 2 years (65.9-67.9 years),
showing a strong overall trend toward tissue
valves. The risk factors that increased opera-
tive mortality were age over 70 years, obesity,
hypertension, chronic obstructive pulmonary
disease, previous stroke and chronic renal
insufficiency. Significant risk factors for mor-
tality during the follow-up period were age
over 70 years, diabetes, peripheral vascular
disease, low LVEF (<30%), and low BMI. In
20006, overall mortality among patients aged
80—85 years or over 85 years old was 5 and
6.5%, respectively. Stroke prevalence for the
same age groups was 1.9 and 2.0%, respec-
tively. The data confirm that even in such a
cohort of elderly patients, modern-day surgi-
cal results are outstanding. This has been fur-
ther confirmed by others. Thourani ez /. from
Emory University, GA, USA, recently reported
their experience with octogenarians undergo-
ing isolated AVR [36]. Among the patients aged
80 years or older, more than 94% survived the
operation with stroke incidence of 3.4%, and
median survival of 7.4 years, confirming that
once patients have been accepted for surgical
treatment, success in the geriatric population
is amazingly good. Studies targeting assess-
ments in populations over 75 years have docu-
mented comparable quality of life (QOL) in
those who underwent conventional AVR com-
pared with the general population, with sig-
nificant improvement in their New York Heart
Association (NYHA) functional class [37].
Others have disclosed that after undergoing
AVR surgery, up to 93% of octogenarians
were symptom-free or significantly less symp-
tomatic, 83% were living in their own home
and 74% considered themselves as being in
excellent or good health 38,39].

Box 1. Definition of aortic valve
replacement according to the American

College of Cardiology/American Heart
Association Task Force on Valvular
Disease Guidelines.

Mild

= Area21.5cm?

= Mean gradient <25 mmHg
= Jet velocity <3.0 m/s
Moderate

= Area 1.0-1.5 cm?

= Mean gradient 25-40 mmHg
= Jet velocity 3.0-4.0 m/s
Severe

= Area <1.0 cm?

= Mean gradient >40 mmHg
= Jet velocity >4.0 m/s

Data taken from American College of Cardiology/
American Heart Association Task Force on Valvular
Disease Guidelines [21].

The geriatric population is going to be the
fastest growing cohort of patients for cardiac
surgeons of tomorrow. It is estimated that there
will be over 20 million individuals in the USA
aged over 80 years by 2010 [101]. Patient selec-
tion and preoperative risk assessment will be key
issues for procedural success.

How do we define surgical risk?

The development of catheter-based aortic valve
therapies has been driven by the premise that
many patients, even the most affected, were not
receiving proper surgical treatment [40]. The
EuroHeart Survey demonstrated that one in three
elderly and symptomatic patients with severe AS
was left untreated. Ross and Braunwald noted in
1968 that the survival of such patients was very
limited [41]. Patients are generally rejected for
conventional surgery because they are considered
bad surgical candidates. Physicians are reluctant
to refer these patients for open heart surgery,
while consulting surgeons prefer not to operate
on patients suffering from multiple comorbidi-
ties [42.43]. Operative risk estimation is known to
be a complex process. How do we determine if a
patient is ‘too sick to be operated on’? Statistical
models have been developed to assist physicians
in making these decisions. Scores are based on
logistic regressions performed on data compris-
ing thousands of patients. The result is an esti-
mation of operative mortality considering global
preoperative patient condition and the antici-
pated physical stress from surgery. Most of these
tools have the benefit of being user-friendly and
give an objective assessment of operative risk.
Scores are based on large populations of cardiac

future science group

www.futuremedicine.com

29




Cartier & Jacques

Box 2. Indications for aortic valve replacement according to recommendations of the American College of

Cardiology/American Heart Association Task Force on Valvular Disease Guidelines.

Class |

= AVR is indicated for symptomatic patients with severe AS (level of evidence: B).

= AVR is indicated for patients with severe AS undergoing CABG (level of evidence: C).

= AVR is indicated for patients with severe AS undergoing surgery of the aorta or other heart valves (level of evidence: C).

= AVR is recommended for patients with severe AS and left ventricular systolic dysfunction (ejection fraction <0.50; level of evidence: C).

Class lla

= AVR is reasonable for patients with moderate AS undergoing CABG or surgery of the aorta or other heart surgery (level of evidence: B).

Class IIb

= AVR may be considered for asymptomatic patients with severe AS and abnormal response to exercise (e.g., development of symptoms
or asymptomatic hypotension; level of evidence: C).

= AVR may be considered for adults with severe asymptomatic AS if there is a high likelihood of rapid progression (age, calcification and
coronary artery disease or if surgery might be delayed at the time of symptom onset (level of evidence: C).

= AVR may be considered in patients undergoing CABG who have mild AS when there is evidence, such as moderate-to-severe valve
calcification, that progression may be rapid (level of evidence: C).

= AVR may be considered for asymptomatic patients with extremely severe AS (AVA <0.6 cm?, mean gradient >60 mmHg and jet velocity
>5.0 m/s) when the patient’s expected operative mortality is 1.0% or less (level of evidence: C).

Class 11l

= AVR is not useful for the prevention of sudden death in asymptomatic patients with AS who have none of the findings listed under
Class lla/llb recommendations (level of evidence: B).

AS: Aortic stenosis; AVA: Aortic valve area; AVR: Aortic valve replacement; CABG: Coronary artery bypass graft.
Data taken from American College of Cardiology/American Heart Association Task Force on Valvular Disease Guidelines [21].

surgical patients. They include the experience of
several centers, tend to represent the operative
risk of daily surgical practice and do not focus
on experts in specific fields. The Parsonnet score
and EuroScore are among the most common
tools that guide surgeons in the evaluation of
surgical candidates and prediction of operative
mortality [44,45].

These scores give an objective evaluation of
surgical risk and are more accurate than clini-
cal judgement alone. Patients known for extra-
aortic pathology with poor short-term progno-
sis and unsuitable for surgical treatment can
become candidates for emerging options. This is
the reasoning applied to the selection of patients
for catheter-based AVR.

The EuroScore has been frequently used in
experimental protocols weighing catheter-based
AVR feasibility [46]. Recently, its value has been
seriously questioned in the assessment of risk
reduction in percutaneous valve replacement.
According to Osswald ez /., the EuroScore was
mainly based on patients undergoing coronary
artery bypass graft (CABG) in 1995 and seemed
to overestimate the surgical mortality of cur-
rent patients [47]. It fails to predict the surgi-
cal mortality of a given patient in part because
catheter-based valve technology is currently
limited to highly-specialized centers [48]. Dewey
et al. confronted the efficacy of the logistic and
additive EuroScore, the Society of Thoracic
Surgeons Predictive Risk of Mortality (STS-
PROM) score, and the Ambler risk score [49].

In their analysis, STS-PROM was found to be
the most accurate scoring system for predict-
ing perioperative and long-term mortality in
high-risk patients operated for isolated AVR.
STS-PROM analyzes 30% more variables than
the three other risk estimation models. The
authors highlighted the importance of variable
choices in these models. For example, STS-
PROM is the only tool that considers NYHA
functional class, the need for counterpulsation
intra-aortic balloon pump as well as the pres-
ence or absence of cardiogenic shock at the time
of operation. On the other hand, STS-PROM
does not assess critical preoperative status or left
ventricular dysfunction. The Ambler score does
not take into account the neurological function
of patients in the evaluation of their risk, but
includes LVEF in the calculation. Globally, each
tool focuses on specific variables but deliberately
omits others.

For the reasons stated above, these tools
cannot substitute for clinical evaluation, but
should serve as an adjunct to the subjective
judgement of surgeons. Many important sur-
gical variables are simply not considered by
any single model. Nutritional status, previous
chest irradiation or the presence of neoplasia
are examples of such variables. Although STS-
PROM was more accurate than the others, it
still overestimated the factual operative risk of
patients. This obviously could fallaciously pro-
mote percutaneous experimental procedures
in patients who would otherwise be suitable
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surgical candidates. Consequently, clinical
judgement still remains the most important
consideration when offering novel therapy to
a given patient.

What is the current risk with

PAVI & TAVI?

Catheter-based valve replacement is not devoid
of complications. Procedural risks depend on
patient condition, the technical approach (trans-
femoral vs transapical) taken and intrinsic pros-
thesis properties. The transfemoral approach is
the less invasive of the two procedures and can
be carried out through a short hospitalization
stay. However, it has been particularly related to
technical complications. Injury to aorto—femo-
ral vessels, failure to deliver the valve, embolic
stroke from aortic atheromatous plaque dis-
lodgement and from loose endarterectomized
iliac artery tissues have been reported [46,50-52].
On the other hand, the transapical approach
requires general anesthesia and surgical trans-
gression of chest integrity. The most frequent
complications are pleural effusion and bleed-
ing from the apical implantation site [13.53].
Prosthesis positioning follows the same princi-
ples, regardless of the approach taken. Problems
of aortic insufficiency after improper place-
ment or over-stretching of the annulus and
even delayed prosthesis embolization have been
reported [53-55].

Clinical results with catheter-based
aortic valve delivery

At present, two transcatheter prostheses have
been studied in clinical trials and are now
available commercially.

B REVIVE Il & REVIVAL Il

A recent update on the first two feasibility
trials (Registry of Endovascular Implantation
of Valves in Europe [REVIVE II] and
Transcatheter Endovascular Implantation of
Valves II trial [REVIVALII]) with the Edwards
Sapien valve (23 mm) was presented at the 2008
Transcatheter Cardiovascular Therapeutic meet-
ing in Washington, USA [s6]. These trials were
designed to include patients over 70 years of age,
with severe symptomatic AS, whose expected
surgical risks were high (EuroScore >20% pre-
dicted operative mortality). Combined, the
two studies included 161 patients (REVIVEII:
106 patients, REVIVALII: 55 patients). Major
end points were mortality, myocardial infarc-
tion (MI), NYHA functional class and para-
valvular leak at 1, 3, 6 and 12 months. Patients
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in REVIVE II were followed for 12 months and
those in REVIVAL II for 2 years. All subjects
were closely monitored.

On average, patients were 83 years old with
an equal distribution of genders. Mean AVA
was 0.57 cm?, and transvalvular gradient was
43 mmHg. More frequently associated comor-
bidities were previous cardiac surgery (29%),
chronic obstructive pulmonary disease (27%),
diabetes (26%), chronic renal disease (22%),
peripheral vascular disease (21%) and history
of cerebrovascular accident (CVA) or transient
ischemic attack (TTA; 16%). Predicted operative
mortality (EuroScore) was 30%. Implantation
was successful in 88%. Among the 19 failures,
nine were due to unsuccessful access, three to
inability to cross the valve, three to cardiac per-
forations, two to prosthesis misplacement and
two to anesthetic problems. A total of 44 patients
died during the study (27%) and, among them,
18 (11%) succumbed in the first 30 days (opera-
tive mortality). A total of seven (4.3%) patients
sustained stroke, and six (3.1%), MI. Only
two patients needed urgent cardiac surgery,
which took place in the first 30 days. Vascular
complications occurred in 15.5% of patients and
they had a worse prognosis than those without
vascular complications. The procedure was very
efficient in decreasing aortic transvalvular gradi-
ent and in improving aortic orifice area (AOA).
Residual aortic insufficiency was less frequent
with the 26-mm valve but remained signifi-
cantly present (2+) in 36% of the cohort. The
majority of patients (89%) improved their func-
tional state by at least one NYHA class (prepro-
cedure: 86% II1/1V; postprocedure: 87% 1/11),
and this amelioration was sustained for up to
12 months. Gains in QOL were also maintained
at 12 months. Actuarial survival at 2 years was
62%. Multivariate analysis revealed that ini-
tial NYHA class and history of prior CABG
were major causes of death. The authors con-
cluded that retrograde transcatheter AVR could
be performed in the majority of patients with
acceptable risk (11 vs 30% expected), providing
sustained improvement of functional class and
QOL. Residual paravalvular leak did not affect
ventricular volume or LVEF over time. However,
the authors cautioned against vascular complica-
tions and residual mitral insufficiency, as well as
poor functional class and prior CABG as causes
of long-term mortality. Unfortunately, from the
surgical standpoint, peripheral vascular disease,
mitral insufficiency and re-do surgery are defi-
nitely frequent comorbidities that significantly
heighten the risk of open surgery in the elderly.
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W CoreValve Safety &

Efficacy Study

The 18 Fr CoreValve Safety and Efficacy
Study, performed for CE marking, enrolled
112 patients [57]. It was a prospective, multi-
center, nonrandomized, single-arm, observa-
tional trial undertaken between May 2006
and June 2007. Inclusion criteria were severe
AS (AVA <0.6 cm?), age of 75 years or over,
logistic EuroScore 15% or over or high-risk
comorbidities. Average age was 82 years,
women accounted for 57% of the cohort, the
majority of patients were classes III (54%) or
IV (21%) prior to the procedure, and average
predicted mortality (logistic EuroScore) was
23%. Among pre-existing comorbidities, the
most frequent were history of congestive heart
failure (55%), chronic renal failure (44%), prior
CABG (27%), peripheral vascular disease (18 %)
and prior MI (17%). All patients were closely
monitored. At the procedure, three patients had
their valve explanted for technical reasons, and
five patients died. Implantation was success-
ful in 86.5% of the cohort; 30-day mortality
was 15.5%), with cardiac-related mortality in
two-thirds of them (10.7%). Thromboembolic
events affected 12.5% of patients equally distrib-
uted between TIAs and CVAs. Periprocedural
MI occurred in 3.6%, and 27% required a
permanent pacemaker. The 1-year overall and
cardiac year survival was 71 and 82%, respec-
tively. Major adverse cardiac event (MACE)-
free and stroke-free survival was 62 and 92%,
respectively. The procedure was successful in
improving AOA with an average of 1.72 cm? at
1-year follow-up. Patient functional status was
also dramatically improved. A total of 76% of
the cohort were in NYHA classes III and IV
prior to the procedure, whereas 88% were in
classes I and II after confirming the efficiency
of prosthesis implantation. Tase 1 compares
the experience of the two types of prosthesis.
Broadly, clinical experience with these two
prosthesis types appears to be comparable, with
over 85% success, 10—-15% procedural mortality

and 4—6% stroke risk.

Recent experience

With time and experience, better procedural
efficiency and lower morbidity/mortality are
expected. In the most recent publication of the
Vancouver group, significant improvement has
been reported [s8]. Between January 2005 and
October 2008, a total of 168 transcatheter aor-
tic valves were implanted, 113 transarterial and
55 transapical. From the initial to the second
half of the study, procedural success went from
89.3 t0 98.8%, and 30-day mortality decreased
from 12.3 to 3.6% for transfemoral and from 25
to 11.1% for transapical valves. STS-predicted
mortality was 10.3 and 8.7% for TAVI and
PAVI, respectively. Procedure-unrelated
deaths were more frequent in the TAVI group.
Observed 30-day mortality remained higher
than predicted by STS score, suggesting sub-
optimal risk-evaluation by the conventional
model in TAVI patients who were rejected
for conventional surgery anyway. Although
nonsignificant, postprocedural stroke was less
common with the transapical procedure (1.8 vs
5.3%), indicating that less manipulation of the
aortic arch could benefit elderly patients with
atheromatous aorta. The 1-year survival was
74%. These data definitely confirm that once
beyond the learning curve, excellent results can
be obtained, even in high-risk patients. Besides
skills improvement, technical device refinement
is and will remain a major player in further
optimization of the results [s9].

Upcoming trial

The cardiovascular community is waiting
for the results of the Placement of Aortic
Transcatheter Valve (PARTNER) trial designed
to evaluate the Sapien prosthesis in two differ-
ent clinical settings. The trial comprises two
arms and is intended to treat patients judged
to be at high-risk for conventional open-heart
surgery or to be nonoperable. In the clinical
trial, it was important to be able to account
for the entire high-risk patient population and
to ensure that patients could be randomized
to their most appropriate control group. The

Table 1. Comparison between Sapien (REVIVE Il and REVIVAL Il) and

CoreValve prostheses.

n
Success of implantation
30-day mortality
Stroke rate

1-year survival

Sapien (%) CoreValve (%)
161 112

88 86.5

11 15.5

4.3 6.3

74 71
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solution was a two-arm trial. The surgical arm
of the trial will focus on patients who are can-
didates for conventional open-heart surgery and
will include approximately 350 subjects. These
patients will be evenly randomized to receive
either the Edwards Sapien transcatheter heart
valve or an Edwards surgical valve. Among
the inclusion criteria, the most pertinent are:
surgical risk estimated to be above 15% or
STS score more than 10, NYHA functional
class II or above, aortic transvalvular velocity
more than 4 m/s, indexed efficient orifice area
(EOA) less than 0.5 cm?, transvalvular gradi-
ent more than 40 mmHg and LVEF more than
20%. There is no age restriction in the trial.
The nonsurgical arm will focus on patients
who do not qualify for conventional open-
heart surgery, as determined by clinical judge-
ment and a statistical model that accounts for
the impact of patient risk factors on operative
mortality and morbidity. An important inclu-
sion criterion is assessment by one cardiologist
and two surgeons estimating the surgical risk to
be above 50%. These patients (approximately
250) will be evenly randomized to receive either
the Edwards Sapien transcatheter heart valve
or appropriate medical therapy. The primary
study end points are freedom from death at
30 days and 6 months. They will be compared
against fixed targets based on historical data
for high-risk AVR surgery. The secondary end
points of this study are freedom from death
or emergent cardiac or vascular surgery from
the index procedure to 1 year. The trial results
will be primordial because they will define the
value of the technology in symptomatic patients
unsuitable for conventional surgery. They will
also define the capacity of this less invasive
procedure in reducing mortality and morbid-
ity related to conventional surgery in high-risk
patients. An exhaustive listing of inclusion and
exclusion criteria is available at [102].

Future perspective

Currently, there are 12 different percutane-
ous/transapical prostheses in development [60].
All of them are not retrievable once released
in the aortic annulus, but some can be repo-
sitioned before final delivery. This technical
aspect should decrease morbidity related to
prosthesis malpositioning during release. The
ultimate prosthesis will be the one that can be
deployed and retrieved endlessly until perfect
positioning is achieved without harming the
ascending aorta and left ventricular outflow
tract. A promising aspect of transcatheter
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AVR is its hemodynamic profile. In a recent
publication from Laval Hospital, the investiga-
tors case-matched 50 patients who underwent
PAVTI with the Sapien prosthesis to 50 patients
who submitted to AVR with a stented Edward
Magna aortic valve and 50 patients who
received a stentless Frestyle Medtronic aortic
valve [61]. Patients were matched for sex, aortic
annulus, left ventricular function, body surface
area and BMI. Postprocedural PAVTI patients
had the lowest transvalvular gradient. At 6-
and 12-month follow-up, the PAVI gradient
remained significantly lower than the stented
valve, but was equivalent to stentless prostheses.
Such findings seem to confirm that avoiding a
rigid supporting ring can definitely contribute
to improved AVR hemodynamics. Considering
that stentless valve implantation carries a higher
risk in small annulus [62.63], this could eventu-
ally be an argument in favor of PAVI in patients
with small annulus.

B How to select patients?

Patient selection remains the ultimate ques-
tion and should be debated in view of current
experience with standard AVR. AVR with either
mechanical or bioprosthetic valve is a reliable
operation with 5-year overall survival and
MACE-free survival of 85 and 70%, respec-
tively (64]. Octogenarians are expected to have
a 5-year survival of 70% after AVR [6s]. Tissue
prostheses issued by the latest technology have
good longevity. Less than 20% of patients
with valve implantation after 65 years of age
are expected to need re-intervention to correct
structural deterioration [66]. These elements set
the bar very high for any less-invasive procedure
that wants to claim similar results at a lower
morbidity cost.

Percutaneous aortic valve implantation still
carries operative and stroke risks of 10—12 and
4—6%, respectively, in highly selected centers
with high-level expertise, but with experience
and engineering advances, this is expected to
decrease. Prosthesis lifespan is not yet known
since the earliest were implanted less than
5 years ago. The results of the PARTNER trial
will help us to better define the place of this
new technology as an alternative to medical
treatment for patients rejected for surgery and
as an alternative to conventional AVR in high-
risk patients. For now, patients with a hostile
anatomy, such as radiation-induced chest ostei-
tis or native coronary arteries depending on
retro-sternal patent bypass grafts crossing the
midline, and elderly patients with an expected
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operative risk equal to or above 15% with a life
expectancy of less than 5 years are the most
suitable candidates. Until we learn more about
prosthesis longevity, it will not be ethically cor-
rect to recommend implantation in younger
patients with a life expectancy of 5 years or
more. Holding onto the inclusion criteria of the
PARTNER study appears to be the most rea-
sonable choice at this point. Level of expertise is
obviously the key to success and before making
user-friendly prostheses available to future gen-
erations, the technology should be concentrated
first in centers with a very high level of exper-
tise. The choice of approach — percutaneous
versus transapical — has been mainly driven by
anatomical issues to date. In view of the high
morbidity and poorer outcome encountered in
patients with peripheral vascular complications,
the transapical approach should be considered
whenever such complications are anticipated.
Future studies will be necessary to sort out
which technique will be the best choice among
patients suitable for both options.

Conclusion

Transcatheter aortic valve implantation is a new
technology that carries reasonable morbidity
and mortality in high-risk patients. The tech-
nique has been shown to successfully improve
the EOA of the aortic valve, the functional
class of patients as well as their QOL. Long-
term structural deterioration of these prosthetic
valves is not yet known. Until technologi-
cal improvement and long-term performance
of these prostheses are documented, clinical
implantation should remain limited to high-
risk patients in centers with high-level expertise.
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Executive summary

= Transcatheter aortic valve replacement is a very new procedure and patient selection is still not well defined.

= The procedure itself carries significant risk but offers potential benefits in elderly patients with severe comorbidities.

= Selection should be based of pre-existing risk model assessment and clinical judgement.

= We present a literature review of the current experience with trans-apical aortic valve replacement and classic surgical aortic valve
replacement and focus on recent prospective randomized trials that should shed some light on how clinicians should select the best

candidate for this new endovascular procedure.
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