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Abstract
Although������������������������������    ������������������    surgical aortic valve replacement is the stand-
ard therapy for severe aortic stenosis (AS), about one 
third of patients are considered inoperable due to unac-
ceptable surgical risk. Under medical treatment alone 
these patients have a very poor prognosis with a mor-
tality rate of 50% at 2 years. Transcatheter aortic valve 
implantation (TAVI) has been used in these patients, 
and has shown robust results in the only randomized 
clinical trial of severe AS treatment performed so far. 
In this review, we will focus on the two commercially 
available systems: Edwards SAPIEN valve and CoreValve 
Revalving system. Both systems have demonstrated 
success rates of over 90% with 30-d mortality rates be-
low 10% in the most recent transfemoral TAVI studies. 
Moreover, long-term studies have shown that the valves 
have good haemodynamic performance. Some studies 
are currently exploring the non-inferiority of TAVI proce-
dures vs  conventional surgery in high-risk patients, and 
long-term clinical results of the percutaneous valves. 
In this article we review the current status of TAVI in-
cluding selection of patients, a comparison of available 
prostheses, results and complications of the procedure, 
clinical outcomes, and future perspectives.
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INTRODUCTION
Degenerative aortic stenosis (AS) is the most frequent 
acquired heart valve disease, with a prevalence of  4.6% 
in adults aged 75 years or more, and is the most com-
mon indication for valve surgery[1-3]. Surgical aortic valve 
replacement (SVR) is the current treatment of  choice in 
symptomatic AS. There is a huge worldwide experience 
with SVR, which has resulted in improved survival in his-
torical comparisons with a low rate of  mortality in low-
risk patients[4-6]. However, about one third of  patients 
with AS referred for surgery are rejected, mainly because 
of  their high surgical risk[7,8].

Transcatheter aortic valve implantation (TAVI) was 
developed as an alternative for those patients, and con-
sists of  a conventional aortic valvuloplasty followed by 
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the implantation of  a biological prosthetic valve stitched 
to a metallic stent and crimped on a catheter. The im-
plantation is performed inside the native valve, rejecting 
the native leaflets between the stent and the walls, instead 
of  the surgical technique of  replacing the diseased valve 
with a prosthetic valve, with the advantage of  not requir-
ing open-heart surgery.

Since the first-in-man TAVI in 2002, this technol-
ogy has grown to currently become a true alternative 
to surgery in patients with severe AS rejected for sur-
gery[9,10]. Moreover, transfemoral TAVI has become the 
first therapy for AS to demonstrate improved survival 
and non-inferiority compared to surgery in a randomized 
trial[11,12]. This trial randomized patients with unacceptable 
surgical risk to medical treatment including valvuloplasty 
vs transfemoral TAVI, and showed an absolute reduction 
in mortality of  20% at 1 year. The other arm of  the trial 
showed non-inferiority when compared to SVR[12]. It is 
noteworthy that TAVI technology was developed on an 
extremely high-risk population, and this should be taken 
into account when analyzing the initial outcomes of  
TAVI procedures.

In this review, we will focus on TAVI procedures us-
ing the two commercially available systems: Edwards SA-
PIEN (ES) and Medtronic CoreValve ReValving System 
(CS). We will review the current status of  TAVI proce-
dures: selection of  candidates, a comparison of  available 
prostheses, results and complications of  the procedure, 
clinical outcomes, and future perspectives. 

CURRENT TRANSCATHETER VALVES
There are two commercially available valves for transcath-
eter implantation (Figures 1 and 2). The main character-
istics and differences between these valves are shown in 
Table 1. The Edwards-SAPIEN (Edwards Lifesciences, 
Irvine, USA) system uses a bovine pericardial valve su-
tured to a metallic stent frame which is balloon-expand-
able. From the early Cribier-Edwards model this device 
evolved to the THV valve and finally, to the current XT 
model, which is delivered in the new, low profile, NovaF-
lex catheter system. Conversely, the CoreValve ReValving 
system (Medtronic Inc., Minneapolis, USA) uses a porcine 
pericardial valve in a larger and self-expandable nitinol 
frame which covers both the left ventricular outflow tract 
(LVOT) and the aortic root. Currently, the third genera-
tion CS system is commercially available. Prostheses sizes 
are different: ES uses 23 mm valves for aortic annulus 
(measured from hinge to hinge of  the leaflets) of  18-21.5 
mm and 26 mm from 21.5-25 mm, whereas CS uses 26 
mm valves for 20-23 mm annulus and 29 mm valves 
for annulus of  24-27 mm. A larger (29 mm) ES valve is 
expected for the transapical approach in 2011, and the 
release of  new CS 23 mm and ES 20 mm sizes is antici-
pated.

Both systems utilize the arterial retrograde access to 
the aortic root and require a conventional aortic valvulo-
plasty prior to final implantation of  the valve[13]. Initially, 

ES catheters were bigger (22-24 French), but currently 
both systems have comparable 18-19 F transfemoral de-
livery systems. For patients with inadequate diameters in 
the femoral arteries, CS has developed the surgical sub-
clavian approach, and ES the transapical access. There are 
also isolated case reports of  implants through a surgical 
approach using the ascending aorta or the retroperitoneal 
iliac artery as entry points[14]. Recommended medical 
treatment after implantation is aspirin indefinitely and 
clopidogrel for 1 to 3 mo���������������������    ��������������������  after the procedure.

PATIENT SELECTION
The selection of  candidates for TAVI is crucial for the 
success of  the TAVI programme. A team of  clinical 
cardiologists, interventional cardiologists, heart surgeons 
and anaesthesiologists is needed. The multidisciplinary 
approach to these patients is essential to the success of  
the programme[15]. Patients should have severe tri-leaflet 
native-valve AS with an area �� ���� < 1 cm2 or < 0.6 cm2/m2. 
Unsuitability for surgery is established by a predicted 
mortality in EuroSCORE > 20%������������������������       or STS Score > 10%, or 
other conditions that preclude conventional SVR such as 
porcelain aorta, frailty, advanced liver or renal disease, or 
previous patent left internal mammary artery grafts[16,17]. 
The decision on each patient’s surgical risk should be 
individualized, but basically, any contraindication for 
sternotomy, cardiopulmonary bypass, cardioplegic cardiac 
arrest or aortic clamping may be indications for TAVI. 

The patient assessment protocol used at our institu-
tion includes three main tests. ��������������������������  (�������������������������  1) Catheterization������� :������  Coro-
nary angiography is performed to exclude significant 
coronary disease and aortography and femoral angiogra-
phy are also performed[18]. If  significant coronary lesions 
are present, they should be revascularized percutaneously 
and the TAVI procedure is usually deferred for ≥ 1 mo��;� 
(�������������������������������������������������������      2) Echocardiography������������������������������������     :�����������������������������������      The aortic valve annulus diameter 
measured by echocardiography should fall into the avail-
able prosthesis size range (Table 1). Transesophageal 
echocardiography is more accurate in sizing the aortic an-
nulus than transthoracic echocardiography�� ������������  ;�������������    and �������� (������� 3) Com-
puted tomography�����������������������������������   :����������������������������������    vascular computerized tomography 
with three-dimensional reconstructions of  the infrarrenal 
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Figure 1  Corevalve Revalving System. 



aorta to the femoral arteries is performed, and those pa-
tients with diameters < 6 mm, or excessive calcification 
and/or tortuosity are excluded from the trans-femoral 
approach. Other authors also propose computerized to-
mography of  the aortic root and the whole aorta, but the 
usefulness of  this test is not well-established[19]. Exclusion 
criteria for TAVI, other than inadequate femoral access or 
apical thrombus for the transapical approach, are recent 
myocardial infarction, congenital bicuspid valve (although 
there are some reports of  successful cases[20]) and very 
severe impairment in left ventricular ejection fraction 
(LVEF ≤ 20%).

TRANSFEMORAL PROCEDURE
TAVI is performed in a hybrid or interventional cardiol-
ogy room in a sterile environment, and under general 
anaesthesia (although some groups perform TAVI 
under sedation without general anaesthesia and intuba-
tion). Fluoroscopic, angiographic and transesophageal 
echocardiographic monitoring is needed. The retrograde, 
transarterial route is currently preferred over the initial 
transvenous and transeptal antegrade approach[13]. Arte-
rial access can be accomplished by surgical cutdown of  
the femoral artery, or now typically by true percutane-
ous puncture. Further arterial access is needed for blood 

pressure monitoring and aortic root angiography. A 
transvenous pacemaker is placed in the right ventricle to 
perform rapid (around 200 bpm) pacing, needed to avoid 
prosthesis displacement during implantation. A conven-
tional balloon valvuloplasty is performed, and immediately 
afterwards the prosthesis is released (inflating the balloon 
in the ES system or withdrawing the sheath in the CS). 
Angiography, echocardiography and/or direct gradient 
measuring verify the success of  the implant. All catheters 
are removed and the access site is closed surgically or with 
percutaneous suture closure devices. The pacemaker is 
left in position because delayed auriculoventricular (AV) 
blocks have been described. In our centre, with the ES 
valve, the pacemaker is removed after monitoring for  
24 h when no new bundle branch or AV block has oc-
curred. CS usually needs a longer monitoring time.

NON-FEMORAL APPROACHES
The most common is the transapical approach, designed 
initially for the ES valve[21], although the first-in-man 
transapical implantation of  a CS valve has also been re-
ported[22]. The left ventricular apex is directly punctured 
through a left lateral mini-thoracotomy, a high-support 
guidewire is placed across the aortic valve, and a 26 F 
catheter is inserted in the left ventricle, after which the 
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Table 1  Comparative characteristics of the Edwards SAPIEN and Corevalve ReValving System valves 

Features Edwards SAPIEN XT Medtronic core valve

Manufacturer Edwards Lifesciences Medtronic
Stent Cobalt Chromium Nitinol
Valve leaflets Bovine pericardium Porcine pericardium
Implantation Balloon-expandable Self-expandable
Repositionable No Partially (prior to release)
Retrievable No No
Fixation Aortic annulus Aortic annulus and ascending aorta
Available diameters (mm) 23, 26 26, 29
Recommended annulus diameter (mm) 18-25 20-27
Delivery system diameter 18F (23) and 19F (26) 18 F
Minimum required arterial diameter (mm) 6 6
Alternative to transfemoral Transapical Trans-subclavian
Permanent pacemaker implantation < 10% 25%-35%

CBA

Figure 2  Edwards SAPIEN XT valve, 23 mm. A and B�� ���� ������ ��� ���� ������ ������� �������������� ��� ���� ������� ��������� ���������� ��� ������ �� ���� ������ ����������� :� ���� ������ ��� ���� ������ ������� �������������� ��� ���� ������� ��������� ���������� ��� ������ �� ���� ������ �����������  Two views of the valve before implantation, in the final, deployed position�� ��� ������ �� ���� ������ ����������� ;� ��� ������ �� ���� ������ �����������  C�� ������ �� ���� ������ ����������� :� ������ �� ���� ������ �����������  View of the valve crimped on 
the delivery catheter (18F).
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procedure is similar to the transfemoral access but with 
a different delivery catheter[22]. The subclavian access for 
CS consists of  a direct surgical dissection of  the sub-
clavian artery and insertion of  the catheter, after which 
the procedure follows the transfemoral approach[23]. The 
subclavian approach is still considered off-label, similar to 
the direct transaortic surgical approach. Following reduc-
tion in the profile of  the catheters, non-femoral access 
is needed in around 30% of  patients. One advantage of  
these approaches is more direct handling of  the catheter 
due to the shorter distance to the target, however, as it 
is more invasive, the results are still slightly poorer at 
medium-term follow-up. However, it must be taken into 
account that patients referred for transapical access are 
systematically described as a higher risk compared to the 
transfemoral population across studies.

COMPLICATIONS OF THE PROCEDURE
Valve malapposition and/or embolization
Valve malapposition or embolization rates were ≤ 2% in 
the most recent studies. The ES valve is not repositiona-
ble once expanded, whereas the CS is partially reposition-
able as some adjustment of  the final position is possible 
when only the distal half  of  the prosthesis is released. 
These figures will probably remain stable until a fully 
retrievable valve is developed. Prevention of  this com-
plication is crucial and fine measurements of  the aortic 
annulus, as well as the calcifications, which are frequently 
asymmetrical, of  the aortic root are necessary[24,25]. On 
the other hand, the operator has to be extremely cautious 
during positioning and implantation of  the valve.

Aortic regurgitation
Aortic regurgitation is frequently found after the proce-
dure. The mechanism of  aortic regurgitation is usually 
due to the presence of  small paravalvular leaks because 
of  incomplete apposition of  the valve, due to severe 
nodular calcifications. In most cases, the grade is trace 
or mild, with minimal clinical consequences. Only 5% 
of  procedures result in severe aortic regurgitation, which 
may be treated by a second, valve-in-valve procedure or 
with conventional surgery. With the ES system, aortic re-
gurgitation is frequently improved with a second, higher 
volume, balloon inflation within the valve. Deaths due 
to severe aortic regurgitation (probably associated with 
significant valve malapposition) were more frequent in 
CS than in ES (10% vs 0%, P = 0.03) in a recent pooled 
analysis[26]. In follow-up studies, no increase in the degree 
of  aortic regurgitation was found, remaining stable or 
improving after the procedure.

Conversion to open heart surgery
The rate of  conversion to open heart surgery or the need 
for haemodynamic support is also ≤ 2% across pub-
lished data. Currently it is not recommended that these 
procedures be performed in centres without cardiac sur-
gery backup. Both complications are predictors of  higher 

mortality across published series[24,27].

Access site complications
Access site complications are the most frequent compli-
cations in transfemoral procedures. These complications 
reach 40% in some series, with a great variety of  sever-
ity, from small haematomas to severe bleedings, tears or 
even avulsions of  the femoral vessels. While most of  the 
data comes from series with larger delivery systems (Ret-
roFlex 22-24 F for ES), the impact of  the reduction in 
the gauge of  delivery catheters is assumed but still needs 
to be determined[28]. The ES valve has higher reported 
rates of  these complications than the CS, and are linked 
to higher mortality[26], however, most of  the data on ES 
come from the early, larger systems. Currently both sys-
tems use comparable sizes of  catheters (Table 1), and 
data from the last generation of  devices concerning this 
issue are awaited. Careful selection of  patients, with com-
prehensive analysis of  the femoral and iliac anatomy, and 
identification of  size, calcification and tortuosity decrease 
these complications. Patients with inappropriate femoral 
anatomy should be directed towards transapical or sub-
clavian approaches. It is advisable to have experience in 
peripheral interventions and/or to have the backup of  
vascular surgeons to help solve incidental problems with 
the access site. In the Placement of  AoRTic TraNscath-
etER Valve Trial (PARTNER) trial (ES valve randomized 
vs SVR), there were more major bleedings (19.5% vs 9.3%��,� 
P < 0.01) but fewer major vascular site complications 
(3.2% vs 11%��,� P < 0.01 in the SVR group at 1 mo[12].

Stroke
Cerebrovascular event rates are reported to be below 5% 
in most series; these figures are fairly low bearing in mind 
the advanced age and high prevalence of  atherosclerosis 
in the TAVI population (Stroke rates in SVR are usu-
ally reported to be over 5% in the elderly). Studies with 
magnetic resonance before and after a TAVI procedure 
showed that subclinical cerebrovascular ischemia occurs 
frequently (73%-84%) during TAVI[29]. These results 
have also been reported with SVR, at a rate of  40%-50% 
and are mostly clinically silent, with unknown long-term 
consequences[30]. Some studies have suggested that the 
transapical approach, avoiding manipulation of  catheters 
along the aorta, is related to a lower rate of  stroke com-
pared to transfemoral access, but results are inconclu-
sive[31]. An embolic deflection device deployed through 
radial access has been tested in humans as a protection 
device[32]. In the recently presented PARTNER trial, TAVI 
was associated with a higher rate of  the composite out-
come “all stroke or transient ischemic attack” (5.5% vs 
2.4%��,� P = 0.04) compared with SVR at 1 mo; with no dif-
ferences in the individual components of  the outcome[12].

Myocardial infarction and coronary obstruction
The incidence of  myocardial infarction during TAVI is 
highly variable, ranging from 0.2%-18%, however, this 
information is biased by the absence of  a common defi-
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nition for myocardial infarction after TAVI. The question 
of  which rise in cardiac markers after a TAVI procedure 
should be “acceptable” is still unanswered. To ensure a 
more reliable outcome definition, the reported rates of  
coronary ostia obstruction are always below 1%. The 
usual mechanism of  the obstruction is not due to jailing 
of  the ostia, but rather displacement of  the native aortic 
valve leaflets, severely calcified and distorted, over the 
coronary ostia. Manufacturers and independent investi-
gators recommend measuring the distance between the 
aortic annulus and the coronary ostia, but there are no 
specific recommendations to prevent this complication[33].

Acute kidney injury
The reported incidence of  acute kidney injury ranges 
from 12%-28%[34]. This complication has been identified 
as a predictor of  mortality in several studies[27,35]. The need 
for haemodialysis after TAVI ranges from 2.5%-7.4%. 
Acute kidney injury in patients undergoing a TAVI proce-
dure can be due to a combination of  several factors: the 
injection of  contrast media needed for angiography, se-
vere hypotension during certain procedures, manipulation 
of  large catheters in atherosclerotic aortas resulting in mi-
croembolization of  cholesterol crystals, and an important 
prevalence of  chronic kidney disease in this population. 

Need for permanent pacemaker implantation
TAVI is highly associated with new intraventricular con-
duction abnormalities and the need for permanent pace-
maker insertion. The underlying mechanism is trauma 
over the AV node and the bundle of  His generated by the 
radial forces of  the stent[36]. The need for a permanent 
pacemaker is clearly different between the two systems: < 
10% with ES vs near 30% with CS. The proposed expla-
nation for this is that the CS is longer and is usually situ-
ated lower in the LVOT. There is no identified strategy 
to prevent this complication, but some predictors of  the 
need for permanent pacemaker implantation have been 
identified, such as small aortic annulus, use of  CS over 

ES and the development of  transient AV block during 
implantation[37]. Interestingly, in the recently reported re-
sults from the PARTNER trial with ES valves, no differ-
ences in new pacemaker implantations were found (3.8% 
TAVI vs 3.6% SVR at 1 mo��,� P = 0.89)[12].

Cardiac tamponade
This complication is usually related to a perforation in the 
left ventricle wall due to the guidewire or in the right ven-
tricle due to the temporary pacemaker lead. In a recent 
study, cardiac tamponade was reported more frequently 
as a cause of  death with the CS valves, probably linked to 
the higher rate of  AV block and longer time with a tem-
porary pacemaker lead after the procedure[26]. Rupture of  
the aortic annulus has been reported but it is a rare com-
plication.

PATIENT OUTCOMES
Reported procedural success and available mortality rates 
at 30 d and 1 year are shown in Table 2. We have chosen 
studies published only in the past 2 years to show the 
results of  the latest generation of  valves and after the 
learning curve. They are mostly registries, and most have 
a relatively selected population. Globally, the success rate 
is above 90%, whereas mortality rate at 30 d is below 
10% for transfemoral and around 15% for transapical. 
Mortality rates at 1 year are still highly variable (Table 2). 
A recent German registry including 697 patients in a real-
world population, mixing CS and ES valves (84% CS) 
and 96% by femoral access resulted in a mortality rate of  
12.4% at 30 d[38].

The �����������������������������������������������       PARTNER����������������������������������������        trial is the first randomized trial of  
TAVI. The remarkable results of  cohort B (transfemoral 
TAVI with ES valve vs medical treatment including val-
vuloplasty in patients rejected from surgery) showed an 
absolute reduction in mortality at 1 year of  20% (50.7% 
in medical treatment vs 30.7% in TAVI group, P < 0.05)[11]. 
In cohort A, 699 patients with high surgical risk were as-
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Table 2  Clinical outcomes across the most recent published studies

Year published Patients Valve Access Procedural success (%) 30-d mortality (%) 1-yr mortality (%)

PARTNER EU[55] 2010   61 ES TF 91    8.1    21.3
SOURCE Registry[56] 2010 463 ES TF    95.2    6.3 -
PARTNER cohort B[11] 2010 179 ES TF - 5    30.7
Rodés-Cabau et al[24] 2010 168 ES TF    90.5    9.5 25
PARTNER cohort A[12] 2011 244 ES TF -    3.3    22.2
PARTNER EU[55] 2010   69 ES TA 91  18.8    51.7
SOURCE Registry[56] 2010 575 ES TA    92.7  10.3 -
Rodés-Cabau et al[24]1 2010 177 ES TA    96.1  11.3 23
Wong et al[45]1 2010   60 ES TA    98.3  18.3 -
PARTNER cohort A[12] 2011 104 ES TA -    3.8 29
Grube et al[43] 2008  1022 CS TF    91.2  10.8 -
Piazza et al[57] 2008 646 CS TF    97.2 8 -
Avanzas et al[58] 2010 108 CS 103 TF/5 TS    98.1    7.4    17.7
Tamburino et al[27] 2011 663 CS 599 TF/64 TS 98    5.4 15

1Dr. Wong and Dr. Rodés-Cabau are from the same centre, probably patients overlapped in these two studies; 2Results referred to the third generation 
Corevalve ReValving System (CS) device only. ES: Edwards SAPIEN; TF: Transfemoral; TA: Transapical; TS: Trans-subclavian.
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sessed for transfemoral access and then randomized 1:1 
to transfemoral TAVI vs SVR (492 patients) or transapical 
TAVI vs SVR (207 patients). The primary endpoint, non-
inferiority of  TAVI with ES valve in all-cause mortality 
at 1 year, was met (24.2% vs� 26.8%��,� P = 0.001 for non-
inferiority). The transfemoral TAVI subgroup was also 
non-inferior to SVR. TAVI was associated with more 
strokes and major vascular complications, whereas SVR 
had more major bleedings and new onset atrial fibrilla-
tion[12].

Left ventricular ejection fraction improves after TAVI 
in patients with impaired function prior to the proce-
dure[39]. Moreover, the increase in LVEF is higher in TAVI 
patients when compared to SVR patients[40]. In addition, 
left ventricular mass decreased and diastolic dysfunction 
improved after TAVI[41]. Mitral regurgitation, which is usu-
ally present in some degree, remains unchanged in most 
patients (61% in one study), although some may experi-
ence a change[42]. Severe mitral regurgitation has been 
identified as a poor prognostic factor and we think that it 
should be considered as an exclusion criterion for the pro-
cedure.

In less than 10 years of  the use of  this technique we 

have seen a remarkable drop in procedure failure and 
mortality rates. This rapid mastering of  the procedure 
is mainly explained by two factors. One is the develop-
ment of  a new generation of  devices with reduction in 
catheter sizes and better deliverability. Studies comparing 
the first and last generation of  the devices have demon-
strated a significant reduction in procedure failure and 
mortality rates[43,44]. The other factor is the training of  
interventional cardiologists or surgeons who want to start 
a TAVI programme, which usually involves a course at an 
experienced centre, followed by surveillance of  the first 
cases by a proctor. This approach has largely contributed 
to shortening the learning curve and rapidly improving 
the results of  TAVI procedures in naïve centres. Also, the 
learning curve has contributed to improving the selection 
of  candidates for the procedure.

The importance of  the learning curve has been high-
lighted by some groups, making a comparison between 
early and late experience, and obtaining a relative reduction 
in death and complications of  50%-70%[43,45,46]. Figure 3 
shows the improvement in outcomes from studies pub-
lished during the last 5 years[26]. 

Some authors have tried to identify predictors of  
procedure success. In a two-centre, German experience 
with 168 patients, good pre-procedure functional status 
(Karnofsky index) was identified as the only independ-
ent predictor of  in-hospital survival[47]. In a large (663 
patients) multicentre Italian series, �������������������  conversion to open 
heart surgery, cardiac tamponade, major access site com-
plications, LVEF < 40%, prior balloon valvuloplasty, and 
diabetes mellitus were independent predictors of  mor-
tality at 30 d. In addition, prior stroke, postprocedural 
paravalvular leak ≥ 2, prior acute pulmonary edema, and 
chronic kidney disease were independent predictors of  
mortality between 30 d and 1 year[27]. The Canadian expe-
rience identified pulmonary hypertension, severe mitral 
regurgitation and the need for haemodynamic support as 
30-d mortality predictors with the ES valve[24]. Periproce-
dural acute kidney injury is also proposed as a 30-d and 
1-year predictor of  mortality[35].
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Figure 3  Decrease in 1-mo and procedural mortality observed through 
the years (from studies published in 2004 to 2010) in patients undergoing 
transcatheter aortic valve implantation. From Moreno et al[26].

Table 3  Future valves under development

Name Manufactured by Country Advantages and published experience

AorTx™ Hansen Medical USA Fully retrievable
Direct Flow™ Direct Flow Medical Inc USA Fully retrievable, inflatable fabric cuff around the valve that seals the aortic 

annulus. 6 patients implanted[59]

Engager™ Medtronic USA Specifically designed for transapical access. Easy positioning, better fixation 
(hooks). 30 implants in tricuspid position[53]

HLT™ Heart Leaflet Technologies USA ”Flow-through” configuration that does not create obstruction. No need for 
rapid pacing

JenaValve™ JenaValve Germany Repositionable, clipping of the native leaflets. No need for rapid pacing. First-in-
man

Lotus™ Sadra Medical / Boston Scientific USA Fully repositionable, self-centreing, early leaflet function before final release. 
First-in-man[60]

Paniagua™ Endoluminal technology Research USA Low profile catheter. First retrograde implantation in the world[61]

St Jude™ St Jude Medical USA Additional binding in the ascending aorta. Early stages. No human implants yet
ValveXchange™ ValveXchange Inc USA Permanent support frame and exchangeable leaflet set. Early stages. No human 

implants yet
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The long-term durability of  these valves has been ad-
dressed only in small studies, due to the newness of  the 
technique. Theoretically, and accordingly to the manu-
facturer’s wear test, both CS and ES valves are designed 
to last ≥ 10 years. All published studies agree with their 
good durability and preserved haemodynamic function 
with effective orifice areas over 1.5 cm2 and no signifi-
cant change in gradients or new aortic regurgitation at  
3 years[48,49]. 

OFF-LABEL INDICATIONS
As with other new devices, some experienced centres 
have tried to explore the outer limits of  the current indi-
cations for these valves. The “valve-in-valve” procedures 
were developed to avoid redo cardiac surgery in elderly, 
high-risk patients with degenerated bioprostheses, usually 
in the aortic position, with acceptable results[50]. It is also 
a common last-resource technique for unsuccessful TAVI 
procedures with severe paravalvular leaks[51]. Isolated case 
reports of  valve-in-valve procedures of  mitral biopros-
theses have also been published[52]. Another proposed 
procedure is the valve-in-ring, in which a transcatheter 
prosthesis is inserted inside a failed annuloplasty. In ad-
dition, transcatheter valves have been successfully im-
planted in tricuspid or pulmonary positions[53,54]. Further 
investigations in this field are warranted.

FUTURE VALVES AND PERSPECTIVES
Several new valves are in different phases of  experimen-
tal, clinical, or feasibility investigation. Most of  the new 
models have the self-expanding technology. These will 
improve delivery of  the valve, minimize paravalvular leaks, 
and allow for reposition or recovery of  the implanted 
valve. Unfortunately, there is still a paucity of  information 
and clinical data for these valves. Table 3 shows the po-
tential advantages and published experience of  the valves 
that are currently under development.

In the next few years we will probably see a drop in 
the “high risk” threshold of  patients selected for TAVI, 
possibly in direct competition with SVR. With the accu-
mulated experience, risk scores for mortality and morbid-
ity in TAVI procedures will be developed. New valves will 
probably come onto the market, reducing the costs of  
the procedure and providing advantages such as simplifi-
cation of  the procedure, widening of  the valve size range, 
reduction in catheters (albeit a balance between catheter 
gauge and quality of  the stent/leaflets will closely follow) 
and a further fall in complication rates. Off-label indica-
tions, such as valve-in-valve procedures and implantation 
in other valve rings will generate more literature. Cost-
effectiveness studies will also clarify the final position 
of  the TAVI procedure in modern cardiology. Results 
from many ongoing studies like the pivotal trials of  CS 
vs SVR (one ongoing in the US and the SURTAVI trial 
in preparation in Europe), a small study of  valve-in-valve 
in failing aortic bioprostheses with CS (REDO study), 

and some post market registries from both systems are 
eagerly awaited.
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