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C alcific aortic stenosis is the most
frequent expression of valvular
heart disease in the western world,

with increasing prevalence expected as the
population ages. Three percent of all adults
≥75 years of age have moderate or severe
aortic stenosis, and it is the leading indi-
cation for valve replacement in Europe
and the United States.1-3 Surgical aortic
valve replacement can both reduce symp-
toms and extend life and it is the preferred
treatment strategy for patients of all age
groups.1,2

Nevertheless, many patients with severe
aortic stenosis do not undergo surgery be-
cause of excessive risk, advanced age, or
preference.1-8 Prognosis with medical man-
agement is poor, and until recently percuta-
neous alternatives to surgery have been lim-
ited to balloon aortic valvuloplasty (BAV)
with palliation that is modest and short-
lived.1,2,7-8

Percutaneous valve implantation has
been under active investigation by a number
of groups for more than a decade,9-13 but it
was not until May and September 2007 that
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the first two transcatheter aortic valves (ReValving
system, CoreValve, and SAPIEN, Edwards) obtained
preliminary approval for clinical use by the European
Union authorities.

The current clinical indications for transcatheter
aortic valve (TCV) implantation are well defined and
are intended for high-risk patients who do not have a
reasonable surgical option, as indicated by a calculat-
ed risk score (usually logistic EuroSCORE >20% or
STS score >10%).14-17 The mortality outcome with the
transcatheter procedure in this population has been as
low as one third of the calculated one.15,17

As of January 2008, approximately 700 procedures
had been performed with the Edwards valve (with al-
most 550 of them during the investigational phase) and
500 procedures with the ReValving system of CoreValve.
The performance of the transcatheter procedure has
been restricted to selected centres that fulfil certain set-
up and multidisciplinary training requirements.

Our hospital was the first to employ this novel pro-
cedure in Greece, and between November 14, 2007,
and February 28, 2008, 12 patients underwent TCV im-
plantation using the SAPIEN, Edwards valve. We de-
scribe our initial experience, focusing on patient selec-
tion, set-up requirements and clinical outcomes.

Methods

Valve prosthesis

The balloon-expandable prosthesis (SAPIEN, Edwards
Lifesciences Inc., Irvine CA, USA) is a tubular, slotted,
stainless steel stent with an attached bovine pericardial
trileaflet valve (treated with the proprietary ThermaFixì
process) and fabric sealing cuff. Two sizes are currently
available: 23 and 26 mm expanded diameter. The pros-
thetic stent valve is mechanically crimped onto a bal-
loon catheter immediately before implantation.

Patient selection and screening

Indications

The current clinical indications for TCV implantation
according to the SAPIEN valve approval are: 1. Severe,
calcified, aortic valve stenosis with aortic valve area
≤0.8 cm2 and/or mean pressure gradient ≥40 mm Hg
and/or maximum flow velocity ≥4 m/s; and 2. Sympto-
matic patient with at least NYHA class II functional
status; and 3. Calculated logistic Euro SCORE18 >20%
and/or STS score19 >10%. To account for comorbid
conditions that are not incorporated into the risk scores

(such as porcelain aorta, severe obstructive airway di-
sease, previous radiation therapy, severely incapaci-
tating osteoarthritis) it is possible to accept a patient
with a lower score if the cardiac surgeon estimates
that the mortality risk exceeds 20%. Patient preference
alone for a percutaneous procedure is not considered
adequate if surgery is an option. 

In our centre, apart from the treating cardiologist
and cardiac surgeon who indicated patient suitability
for TCV implantation, a team of senior cardiologists,
cardiac surgeons and anaesthesiologists formally re-
viewed patients and reached a consensus that they ful-
filled the approved criteria. We required that patients
should have a reasonable life expectancy (above 1 year). 

Echocardiographic assessment

Echocardiographic assessment of all patients was re-
quired at our centre before intervention. All patients
had to fulfil the previously defined echocardiographic
criteria of severe aortic stenosis. Particular attention was
given to the measurement of the aortic valve annulus di-
ameter. This was obtained in the parasternal long-axis
view by placing the markers at the hinge points of the
aortic valve leaflets to the valve annulus. The currently
available SAPIEN valve sizes require an annulus diame-
ter larger than 18 mm and smaller than 25 mm (18 to 21
mm annulus is suitable for the 23 mm diameter valve
and 22 to 25 mm annulus is suitable for the 26 mm di-
ameter valve). In borderline cases transoesophageal
echocardiography was used for more accurate assess-
ment.

Other important information sought was left ventric-
ular ejection fraction and estimated systolic pulmonary
artery pressure, both counting in the EuroSCORE calcu-
lation, as well as the degree of aortic and mitral valve
insufficiencies, presence of basal interventricular sep-
tum hypertrophy and aortic root dilatation. When the
position of the coronary ostia in the sinuses of Valsalva
was low, an effort was made to better delineate their 3-
dimensional relation to the calcified aortic valve leaflets
with transoesophageal echocardiography.

Coronary angiography

All patients underwent coronary angiography before
TCV implantation. Significant coronary artery disease
was detected and treated percutaneously if indicated. It
is generally desirable to avoid excessive ischaemia dur-
ing the TCV procedure. This can be induced by the
stress and haemodynamic effects of anaesthesia, multi-
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ple periods of rapid cardiac pacing, and a prolonged
time of aortic insufficiency at the time of the prosthesis
placement. Therefore, it is preferred to treat a signifi-
cant coronary artery stenosis percutaneously before
TCV implantation. Usage of bare metal stents is prefer-
able in this high-risk elderly population, and the proce-
dure should be done at least 15 days before the planned
TCV implantation, to allow for complete stent en-
dothelialisation. Coronary angiography can also help to
better delineate the 3-dimensional relation of the coro-
nary ostia to the calcified aortic valve leaflets.

Angiographic and other assessments

The decision regarding the optimal access for TCV im-
plantation depends on a number of factors, the most
important being peripheral artery suitability for valve
delivery. Transfemoral aortic valve (TFV) implantation
requires a minimum lumen diameter of the common
femoral, external and common iliac artery to be used
for the valve delivery (7 mm for the 23 mm diameter
valve and 8 mm for the 26 mm diameter valve). In addi-
tion, significant tortuosity, atheroma and calcification
in these arteries are considered independently of the
minimum lumen diameter, since they may hinder TFV
implantation. The other important factor in deciding on
TFV implantation suitability is the aorta itself. The
shape of the ascending aorta is crucial for the proce-
dure’s success. The more vertical the ascending aorta,
the easier it is to advance the prosthesis across the
stenosed aortic valve. A horizontal aorta makes this
part of the procedure challenging and is associated with
failures and complications. The descending and abdom-
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Figure 1. Aortographies demonstrating a vertical (A) and a horizontal (B) ascending aorta.

inal aorta should also be free of undulating tortuosity
and atheroma.

All patients underwent screening (most of them
at the time of coronary angiography) with ascending
(Figure 1) and low abdominal aortography (Figure 2)
using a pigtail catheter with multiple 1 cm markers
(Aurous, COOK) for calibration and measurements.
Particular care was taken to visualise the common fe-
moral arteries at the level of the femoral head, the ideal
arterial puncture site. CT scan angiography was ob-
tained when additional information regarding periph-

Figure 2. Abdominal aortography with full visualisation of the
common and external iliac and common femoral arteries indented
for transfemoral valve delivery. Note the 1 cm markers of the
catheter used for calibration and minimal lumen diameter mea-
surements.

A B



eral artery atheroma and wall calcification was desir-
able.

Patients judged not to be candidates for TFV im-
plantation were considered as candidates for transapi-
cal aortic valve (TAV) implantation.

Another important factor of concern regarding
both TFV and TAV procedures is the 3-dimensional
relation of the coronary artery ostia with the calcified
aortic valve leaflets. A low position of the ostia in the si-
nuses of Valsalva jeopardises their patency following
the expansion of the stented valve prosthesis, and it is
not the stent itself that poses this threat but the native
valve leaflets as they are pushed aside. As discussed
previously, both transoesophageal echocardiography
and coronary angiography can provide important infor-
mation on this issue, but it is ascending aortography
that first detects this unfavourable anatomy for TCV
implantation. Cardiac CT scanning provides the most
accurate assessment of the TCV implantation safety in
the presence of low coronary ostia by measuring and
comparing the distance from the leaflet hinge point to
the coronary ostium and the length of the leaflet in
front of the coronary ostium. If the latter is shorter than
the former, the procedure can be done safely. Transoe-
sophageal echocardiography can also be used for this
matter, but the measurements obtained are less accu-
rate because of the dynamic nature of the examination
and the difficulty in finding and scanning the correct
plane containing both the leaflet and the coronary os.
Cardiac CT scanning is also the examination of choice
for detecting and rating porcelain aorta, and for evalu-
ating wall atheroma and lumen dimensions of the en-
tire thoracic aorta.

BAV experience

Our interest in the percutaneous treatment of aortic
valve stenosis begun in December 2006, when we com-
menced a contemporary BAV program. We applied
the TCV implantation criteria for patient selection in
our BAV program. This acted as useful preparation for
the later development of our TCV program, and form-
ed the foundations of the necessary collaboration be-
tween different specialties and subspecialties. This pro-
gram also assisted in the optimal coordination of the
short rapid cardiac pacing during the balloon inflation.
To date, 36 BAV procedures have been performed,
with procedural, in hospital and 6-month (mean and
median follow up) mortality 0%, 7% and 22%, respec-
tively. Since the beginning of our transcatheter implan-
tation program, patients fulfilling the described criteria
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for percutaneous treatment do not necessarily undergo
BAV, but instead can be directly listed for TCV im-
plantation. 

The procedure

The procedures were performed in the catheterisa-
tion laboratory with operating room-like sterile precau-
tions. The room is spacious, so as to accommodate the
anaesthesia and echocardiography equipment, as well
as the additional tables required for the preparation of
the valve. In addition, for the TAV procedure extracor-
poreal circulation equipment was in the room.

General sterile cleaning of the room was carried
out the night before the procedure and access to it was
restricted only to those immediately involved in the
procedure. The main room entrance was locked after
the patient was transferred in. Entrance to the room
without head cap and facial mask was forbidden. 

The personnel in the room for the TFV implanta-
tions consisted of 2 interventional cardiologists, 1 car-
diac surgeon, 1 cardiac anaesthesiologist, 1 echocardio-
grapher, 2 nurses and one valve technician (carrying out
valve preparation and crimping on the balloon). For the
TAV implantations the personnel composition changed
slightly with the participation of a second cardiac sur-
geon and an operating room nurse.

All possible patient body entry sites were subjected
to meticulous surgical scrubbing. Premedication with
aspirin and clopidogrel was given, and teicoplanin 400
mg and ceftazidime 1000 mg were administered IV just
before the procedure. After anaesthesia induction, the
transoesophageal echo probe was inserted and accurate
measurement of the aortic valve annulus was obtained
for valve sizing. Heparin 50 U/kg IV was administered.

For the TFV procedure access to the suitable com-
mon femoral artery for valve delivery and the contralat-
eral femoral artery and vein was obtained. For the TAV
procedure access to a common femoral artery and vein
was obtained, and then access to the left ventricular
apex was obtained via an incision between the left 4th to
5th or 5th to 6th ribs. A purse string was placed in the
apical surface of the left ventricle before its puncture.

Ascending aortography was performed in a view
that lined up all three sinuses of Valsalva, essential for
optimal valve positioning. Cardiac pacing was with a
transvenous pacing wire in the right ventricle for the
TFV procedure and a wire directly stitched epicardially
for the TAV procedure. Rapid pacing capacity (usually
180-220 /min) and its desired haemodynamic effect
(constant aortic pressure <40 mmHg) were confirmed.



The valve was then crossed with a stiff extra long
wire and BAV, via a 12-14 F sheath in the common
femoral artery for the TFV and in the left ventricle
for the TAV procedure, was performed during a short
burst of rapid ventricular pacing. Following BAV, the
larger sheath for valve delivery was inserted (TFV: 22 F
and 24 F for the 23 mm and 26 mm diameter valves,
respectively; TAV: 26 F sheath). The valve prosthesis
with its introducing device (Retroflex catheter for the
TFV, Ascendra introducer for TAV) was then inserted
and advanced to the level of the aortic annulus. Its posi-
tion was checked with aortography performed with the

pigtail catheter positioned just above the aortic valve
and with transoesophageal echocardiography. Deploy-
ment was performed with a volume-controlled inflation
of the carrying balloon during a short period of rapid
cardiac pacing (Figure 3). The valve positioning aim for
the TFV implantation was with two thirds of it below
the hinge points of the aortic leaflets and one third
above. For the TAV implantation the aim was half be-
low and half above.

The result was checked by assessing haemody-
namic responses, transoesophageal echocardiography
and ascending aortography (Figure 4). 

Transcatheter Aortic Valve Implantation
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A

Figure 3. The inflation of the SAPIEN valve delivered transfemorally (A) and transapically (B).

A

Figure 4. Ascending aortography following the SAPIEN valve implantation transfemorally (A) and transapically (B).
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The procedure was completed by surgical closure
of the prosthetic valve entry sites. The patients were
then transferred to the coronary care unit (CCU: TFV
implantation) or the intensive care unit (ICU: TAV im-
plantation) where they were awakened and extubated.

The first 3 TFV procedures and all 4 TAV proce-
dures were performed with Drs. J. Webb (for TFV)
and T. Walther (for TAV) acting as proctors. 

Results

Patients

Table 1 summarises clinical and echocardiographic da-
ta of the first series of 12 patients who underwent TCV
implantation in our centre. The mean age was 81 ± 5
years, the mean NYHA functional status 2.8 ± 0.7 and
the mean body mass index 25.3 ± 4.4 kg/m2. All pa-
tients had a logistic EuroSCORE above 20%, except
patient 12, who had a score of 11% but for whom the
surgical option was rejected because of porcelain aorta.
The mean logistic EuroSCORE was 34 ± 15% (median
31%, min 11%, max 61%). 

Three (3) of these patients had undergone percu-
taneous coronary artery intervention and another 3 at
least one BAV procedure before transcatheter valve
implantation.

Outcomes

Table 2 summarises the procedural and clinical out-
comes of the first series of 12 patients who underwent
TCV implantation in our centre.

The mean procedure time was 178 ± 38 minutes
(time on procedure table), and the mean fluoroscopy
time was 13.2 ± 5.8 minutes. The procedure success
rate was 100% (correct positioning of the TCV and ex-
tubation of the patient). The procedural, in-hospital
and 2-month (mean follow up 50 days, median 27, min
17 days, max 122 days) mortality was 0%. The mean
length of hospital stay was 8 ± 2 days (median 8 days,
min 5, max 12 days) and the mean CCU/ICU stay was
2.9 ± 1.4 days. The NYHA functional status was signifi-
cantly improved at follow-up (1.3 ± 0.5, p<0.001 com-
pared to baseline).

The echocardiographically assessed aortic valve
area increased from 0.64 ± 0.14 cm2 to 1.83 ± 0.14 cm2

(p<0.001, post-procedure assessment within 4 days).
The mean pressure gradient decreased from 57 ± 23
mmHg to 10 ± 3 mmHg, and the maximum pressure
gradient from 91 ± 33 mmHg to 22 ± 7 mmHg

(p<0.001 for both). The angiographically assessed
mean degree of aortic insufficiency was grade 1.3 ± 1.0
before the procedure and 1.1 ± 0.6 after valve implan-
tation (immediate post-implantation assessment). The
mean degree of mitral insufficiency was grade 1.1 ± 0.7
before the procedure and 1.0 ± 0.5 after valve implan-
tation.

Patient 1 had a markedly elevated serum creatinine
concentration before the procedure that gradually re-
turned to normal a few days afterwards (from 4.1 mg/dL
to 1.2 mg/dL).

Patient 2 developed severe and haemodynamically
non-tolerated (marked reduction of the diastolic arteri-
al pressure) paravalvular aortic valve insufficiency im-
mediately after TFV implantation. The positioning of
the valve was correct and this complication was treated
successfully with repeat balloon dilatation of the pros-
thetic valve, increasing the inflating volume by 2 ml.
Figure 5 illustrates the transoesophageal echocardio-
graphic images of the insufficiency before and after the
balloon dilatation and its reduction from severe to
moderate. The patient was extubated in a timely man-
ner and without any sequel.

Patient 10 also developed severe and haemody-
namically non-tolerated central aortic valve insuffi-
ciency immediately after TAV implantation. He be-
came markedly hypotensive (systolic arterial pressure
in the region of 50 mmHg) and soon progressed to
electrical storm. He was successfully resuscitated with
electrical cardioversions and direct heart compres-
sions. He was stabilised with immediate placement on
femoral-femoral bypass and then a second valve-in-
valve prosthesis was deployed, correcting the insuffi-
ciency from severe central to moderate paravalvular.
His recovery was delayed and he required high-dose in-
otropic and intra-aortic balloon pump support. He was
extubated after 2 days and inotropic and pump support
were discontinued soon thereafter. He was discharged
10 days after the procedure in good condition.

Patient 7 had severe obstructive airway disease
that made extubation difficult and required extensive
respiratory support (2 days).

Patients 2 and 6 developed entry site complications
that delayed their hospital discharge significantly. In pa-
tient 2 an obstructive common femoral artery dissection
was noted by angiography after initial surgical closure.
The surgical closure had to be re-explored and correct-
ed with the use of a Dacron patch. The healing process
was delayed as a result. Patient 6 developed back skin
necrosis, partly related to mechanical skin removal by
an adhesive bandage and partly related to possible
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burns due to defective diathermy. The healing process
was delayed as a result.

Discussion

Our initial experience with the novel procedure of tran-
scatheter aortic valve implantation (SAPIEN, Edwards)
reproduces the outstanding results reported by other
centres. We have proved that these procedures can be
performed safely and with excellent outcomes, with
proper patient selection, in a well prepared and orga-
nized cardiac catheterisation laboratory setting, by a
trained and coordinated team.

The 100% procedure success and zero mortality
(mean follow-up 50 days) observed in this first series of
12 patients with a predicted 30-day surgical mortality of
34% is rewarding. These results were obtained during
the initial phase of our learning curve. The mounting
reflection of worldwide experience, though small, to-
gether with our previous BAV experience, multidisci-
plinary dedication applying defined selection criteria,
formal training and the initiation of our program under
supervision by proctors, all played an important role in
setting the beginning of our learning curve at high lev-
els. However, as experience mounts and acceptance of
less ideal patients is more likely, no further improve-
ments or even less optimal outcomes in the future can-
not be excluded, a scenario seen in other centres.

The number of patients in our first series is relative-
ly small and even one fatality would have resulted in a
mortality of 8%. In fact, this mortality (8%) was ob-
served in the larger series of the Edwards TFV implan-
tations when the EuroSCORE predicted mortality was
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Figure 5. Transoesophageal echocardiographic images of patient 2 before (A) and after (B) redilatation of the SAPIEN valve, illustrating a
substantial reduction in the aortic insufficiency.

30%.15 In this selected high-risk population, and with
currently available technology, a realistic expectation is
that TCV implantation can reduce the predicted surgi-
cal risk by at least two thirds. Admittedly, the accuracy
of EuroSCORE and other available objective predic-
tors of surgical mortality is controversial, sometimes un-
derestimating but perhaps more commonly overesti-
mating risk.20-22 However, until randomised trials of
TCV implantation and surgery report, this is the only
available way to make comparisons.

Hospital stay in this high-risk group of largely el-
derly patients was relatively short at a mean and medi-
an of 8 days and as little as 5 days. However, since in
some instances we kept the patients for longer observa-
tion without any particular reason this is expected to re-
duce as our program advances. In comparison, the me-
dian hospital stay in the larger Edwards TFV series was
5 days.15 Although morbidity is difficult to quantify fur-
ther, none of our patients suffered a procedural stroke
or other clinically detectable neurological damage. Our
patients experienced a significant early symptomatic
improvement and further improvement is very likely
with the full mobilisation of our TAV implanted pa-
tients. As important as mortality risk may be, procedur-
al morbidity may weigh as heavily in the decisions made
by elderly patients and their physicians. Indeed, in a re-
cent series of surgical aortic valve replacements in octo-
genarians the mean hospital stay was 20 days, 8 of which
were in the ICU.23

The prognosis of patients with symptomatic aortic
stenosis is poor, and surgical aortic valve replacement
improves survival regardless of age.23-24 Surgical mortal-
ity rates escalate with age and in the presence of comor-



bidities.2,23 It is estimated that for each two patients
with severe symptomatic aortic stenosis undergoing sur-
gical valve replacement, there is at least one patient
who will never undergo surgery because of the per-
ceived extremely high risk.4-6 Before the advance of
TCV implantation, these patients presented a real man-
agement challenge with no reasonable therapeutic op-
tion, since medical therapy is ineffective and BAV has a
short-lasting palliative effect without altering survival. It
is rather unorthodox for a new therapeutic procedure
to be tested first in such a high-risk population, but in
the case of TCV implantation there was no other choice,
since its long-term results remain unknown and conven-
tional surgery performs excellently in lower risk pa-
tients.

The most important clinical trial of the SAPIEN,
Edwards valve is the ongoing PARTNER trial pro-
gram. This consists of two parallel, randomised stud-
ies. The first compares conventional surgery to TCV
implantation in patients at medium surgical risk
(EuroSCORE >15%) and is designed as a non-inferi-
ority study. The second compares TCV implantation to
medical treatment in patients at extremely high surgical
risk (EuroSCORE >20%) and is designed as a superi-
ority study. They are not expected to report results be-
fore 2010.

It is estimated that approximately 2000 aortic valve
replacements are performed yearly in Greece, and ac-
cording to the EuroSurvey statistics4 there should be
another 1000 patients yearly with severe symptomatic
aortic stenosis who are never referred for surgery or are
turned down because of perceived excessively high risk.
According to current indications, most of these patients
would be candidates for TCV implantation.

The relative composition of the TCV procedures re-
garding the route of implantation (TFV or TAV) is cur-
rently almost equally divided in the SAPIEN valve clini-
cal program. However, since this is largely dependent on
the size of the arterial sheath required for TFV delivery,
the relative composition will change in favour of the
TFV procedure with the expected reduction of sheath
sizes by 3 F within 2009. Finally, the availability of new
valve sizes next year will expand TCV implantations to
patients with aortic valve annulus sizes from 16 mm to
28 mm (from the current 18 mm to 25 mm).

Conclusions

Conventional open-heart surgery remains first-line the-
rapy for symptomatic aortic stenosis. However, it is now
evident that transcatheter valve replacement is a viable
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alternative to conventional open-heart surgery in se-
lected high-risk patients with severe symptomatic aortic
stenosis. It appears that TCV implantations are not on-
ly safe, but can also be performed with a small fraction
of the perceived surgical risk. The first Greek series of
such procedures performed at our hospital demon-
strates that these results can be reproduced successful-
ly in our country.
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