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Abstract

Transcatheter aortic valve replacement (TAVR) is increasingly used for the treatment of high or very high surgi-
cal risk patients with severe aortic stenosis (AS) or failing surgical bioprosthesis (valve-in-valve, VIV-TAVR). In 
TAVR, the collapsed transcatheter heart valve (THV) is introduced using the delivery system inserted from the femo-
ral artery (preferred) or other alternative accesses (transapical, transaortic, transcarotid, subclavian/transinnominate 
or transcaval). The delivery system is then advanced until coaxially aligned with the aortic annulus, where the THV 
is deployed. This procedure can be associated with complications such as access site injury (vascular complication), 
paravalvar leak, cerebrovascular events and conduction disturbances. However, the rapid acceptance and successes ob-
served with TAVR have been made possible through careful patient selection, preprocedural planning (i.e. MDCT an-
nular sizing), THV technology (i.e. new generation valves), and procedural techniques (i.e. minimalist TF-TAVR and 
alternative percutaneous access options), as well as a decrease in complications as TAVR experience grows. Though 
the results or ongoing clinical trials evaluating TAVR in intermediate surgical risk patients are pending, it is likely that 
TAVR will soon be approved for lower risk patients as well.
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Introduction

Transcatheter aortic valve replacement (TAVR) 
has become the treatment of choice in selected 
patients with severe aortic stenosis (AS). The 
results from large randomized clinical trials in the 
US and Europe have established the safety and 
feasibility of this relatively new technique [1–4]. 
Though TAVR is already Food and Drug Admin-
istration (FDA) approved for patients with high 

and very high surgical risk [5], clinical trials are 
currently enrolling lower risk patient populations. 
This review reports current practices and evidence 
for the use of TAVR, and its implications for the 
future treatment of AS.

Patient Selection and Procedural 
Planning

Currently, TAVR is FDA approved for patients con-
sidered high or very high surgical risk (essentially 
inoperable). But with clinical trials now enrolling 
patients with intermediate surgical risk, it is likely 
that TAVR will soon be approved for lower risk 
patients as well.
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The fi rst step in evaluating candidate patients for 
TAVR is confi rming the diagnosis of AS and deter-
mining surgical risk. The indication for replace-
ment, regardless of the technique used (transcatheter 
or surgical), is based on the presence of symptoms 
(angina, dyspnea or syncope) and/or left ventricu-
lar dysfunction in a patient with severe AS, usu-
ally, determined by transthoracic echocardiography 
(TTE) [5]. AS is considered severe when the TTE 
aortic valve mean gradient (AVMG) is ≥40 mmHg, 
peak jet velocity ≥4 m/s and area ≤1 cm2. Clini-
cians must be aware however, that some of these 
criteria may be decreased in patients with depressed 
ventricular function (low fl ow/low gradient AS). In 
such cases, a dobutamine stress echocardiogram is 
used to differentiate between severe and moderate 
AS, based on the degree of increase in the AVMG 
during dobutamine infusion [5].

Once the diagnosis is secure, replacement strat-
egy is based on surgical risk, anatomy and prefer-
ence, and is best determined by a heart team. A heart 
team is a multidisciplinary group that includes an 
interventional cardiologist, echocardiographer and 
cardiothoracic surgeon, all with experience in the 
management of valvular heart disease. This team 
determines surgical risk using conventional risk 
factors, incorporated in validated risk scores such 
as the STS predictive risk of mortality (PROM) 
score and the EuroScore [6, 7], but also consid-
ers non-conventional risk factors such as porcelain 
aorta, frailty, and other comorbidities not included 
in the usual risk profi les. The preprocedural evalu-
ation also includes transesophageal echocardiog-
raphy (TEE) for a more detailed characterization 

of the aortic valve, pulmonary function testing for 
the determination of lung disease severity (if any), 
and cardiac catheterization to evaluate coronary 
anatomy, and to identify underlying coronary artery 
disease (CAD).

TAVR Preprocedural Planning

Once a patient is considered a candidate for TAVR 
a more detailed evaluation of the patient’s anatomy 
is necessary. First, the size of the descending aorta, 
femoral and iliac arteries is determined using an 
abdomen/pelvis computed tomography with intra-
venous contrast, and corroborated with an angio-
gram. Introduction of the delivery system using a 
transfemoral (TF) access is preferred. In patients 
with small and/or heavily calcifi ed and tortuous 
ileofemoral vessels this approach is not possible, in 
which case an alternative access must be used. Ana-
tomical evaluation of the transcatheter heart valve 
(THV) landing zone is equally important. THV size 
selection is based on the size of the aortic annulus 
[8–10]. Annular sizing can be judged using TEE, 
3D-TEE, balloon sizing in the cardiac  catheterization 
 laboratory and Mutidetector Cardiac Computed 
Tomography (MDCT). Because of the elliptical 
morphology of the annulus, the MDCT area derived 
diameter has emerged as the gold standard for annu-
lar sizing due to its higher precision and consist-
ency [8, 9] (Figure 1). For most patients, oversizing 
between 6–12% (depending on patient anatomy and 
selected THV) is recommended. While excessive 
oversizing of the THV can result in an increased risk 
of complications such as conduction disturbances 
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Figure 1 Evaluation of the Aortic Landing Zone Using Multidetector Cardiac Computed Tomography (MDCT).
(A) Assessment of left ventricular outfl ow track (LVOT), aortic annulus, coronary sinuses and ascending aorta. (B) Aortic 
 annular sizing, used for determination of transcatheter heart valve size.
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and annular rupture [11–14], too small a THV can 
result in paravalvular leak and patient-prosthesis 
mismatch [15–17]. MDCT is also an important 
tool used to evaluate aortic angulation, LVOT and 
annular calcifi cation, size of the Sinuses of Valsalva 
and sinotubular junction, and distance between the 
aortic annulus and the coronary artery ostia. Valve 
type selection (i.e. balloon vs. self-expandable) is 
in part based on these anatomical characteristics as 
well. New MDCT software designed for the evalu-
ation of structural heart disease (i.e. 3mensio, Pie 
medical imaging, Maastricht, The Netherlands) is 
extremely helpful in sizing the aortic annulus and 
can even provide an image of the THV within the 
landing area (Figure 2) [18].

Progression of Transcatheter Heart 
Valve Technology

The initial implantation of a percutaneous aortic 
valve was performed by Cribier et al. in 2002 [19], 
and was followed by an exponential progress in 

valve technology and patient enrollment in Europe. 
The COREVALVE and SAPIEN valve received 
Conformité Européenne (CE) mark approval in 
2007, based on early results of feasibility studies 
and local registries [20]. TAVR implementation 
increased over the following years across Europe 
[21], as encouraging results from European regis-
tries continued to emerge [22–24]. However, it was 
not until 2011 that the FDA commercially approved 
the SAPIEN valve in the US, based on the results 
of US clinical trials that showed a survival benefi t 
with TAVR in patients considered inoperable [1, 3] 
or high-surgical risk [2, 4].

In the PARTNER I trial, Patients with severe AS 
that underwent TAVR with the balloon-expanda-
ble SAPIEN THV (Edwards Lifescience, Irvine, 
CA, USA) had a better 1-year (69.3% vs. 49.3%, 
P≤0.001), 2-year (56.7% vs. 32.0%, P≤0.001) and 
5-year (28.2% vs. 6.4%, P≤0.001) survival than 
medical therapy in inoperable patients (Cohort B) [1, 
25, 26]; and better 30-day but similar 1-year (75.8% 
vs. 73.2%, P=0.44) and 2-year (66.1% vs. 65.0%, 
P=0.78) survival than high-risk patients treated 
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Figure 2 Valve Type and Size Determination Using Multidetector Ca rdiac Computed Tomography (MDCT) in a Patient With 
Aortic Annular Area of 480 mm3.
Special software (3mensio, Pie Medical) for the evaluation of structural heart disease can be used to decide valve type and size 
based on the predicted sealing area (in this example), for a 23 mm SAPIEN XT (A, B) vs. 26 mm COREVALVE (C, D) vs. 
23 mm Lotus (E, F).
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with SAVR (Cohort A) [2, 27]. New iterations of 
the original valve, the SAPIEN XT and SAPIEN 3, 
are being studied in the PARTNER 2 trial, with 
encouraging preliminary reports.  Compared to pre-
vious generations, the SAPIEN 3 valve is available 
in more sizes (20, 23, 26 and 29 mm), has greater 
leafl et overlap and an outer skirt to prevent paraval-
var leak (PVL), and has a smaller  delivery system 
diameter. The SAPIEN XT and SAPIEN 3 are now 
also CE mark and FDA approved for the treatment 
of native valve AS and for failing surgical biopros-
theses (SAPIEN XT only) in the US.

In the COREVALVE US pivotal clinical trial, 
inoperable patients with severe AS that underwent 
TAVR with the self-expandable COREVALVE 
THV (Medtronic, Minneapolis, MN, USA) had a 
better 1-year survival than expected from compara-
ble performance goals (91.6% vs. 75.4%, P≤0.001) 
[3]. In addition, high-risk patients had better 1-year 
mortality than similar patients treated with SAVR 
(85.8% vs. 80.9%, P≤0.001) [4]. This valve is 
now CE marked and FDA approved for the treat-
ment of AS and also for insertion in patients with 
failing surgical bioprostheses. Its new generation, 
the COREVALVE Evolute R has the advantage of 
being partially repositionable and has less “fl aring” 
of the proximal frame after deployment to decrease 
conduction disturbances.

Other THVs are available in Europe and are being 
studied in clinical trials in the US. The Lotus valve 
(Boston Scientifi c, Marlborough, MA, USA) is a 
fully repositionable and retrievable THV made with 
bovine pericardium on a braided nitinol frame that 
is deployed by decreasing the stent length, which 
results in a progressive increase of its diameter. 
After the initial REPRISE I and II trials [28, 29], 
the Lotus valve is currently being studied in a multi-
center randomized clinical trial (REPRISE III). The 
Portico valve (St. Jude Medical, Inc. St. Paul, MN, 
USA) is a self-expandable and resheathable THV 
made with bovine and porcine pericardium over a 
nitinol stent. Compared to the COREVALVE, this 
valve has intra-annular leafl ets, an important dif-
ference that affects its sizing algorithm. The Direct 
Flow valve (Direct Flow Medical, Santa Rosa, 
CA, USA) is a fully repositionable THV made 
with bovine pericardium mounted on a metal-free 
frame, which is infl atable. Once in proper position 
after infl ation with pressurized saline, it is fi nally 

deployed by pressure injection of a polymer which 
solidifi es. Finally, the JenaValve (JenaValve Tech-
nology, Inc. Wilmington, DE, USA), made with a 
porcine valve over a self-expandable nitinol stent, 
is a THV that has been used for the treatment of 
aortic regurgitation (AR) [30, 31]. This may have 
important implications for the expansion of TAVR 
in the treatment of AR.

TAVR Technique

In general, the “collapsed” THV is introduced 
within a delivery system that is advanced until the 
THV is deployed in the aortic annulus. Techniques 
may vary according the valve and access used. In 
transfemoral (TF) TAVR the delivery system is 
introduced using percutaneous femoral insertion 
or femoral cutdown, and is advanced retrograde 
through the aorta until the THV is coaxially aligned 
with the aortic annulus for deployment (Figure 3). 
TF access is preferred because it is less invasive and 
because of its association with a faster recovery and 
lower rates of adverse events than other approaches 
[32]. Institutions around the world are increasingly 
doing TF-TAVR using a “minimalist” approach, in 
which patients undergo the procedure under con-
scious sedation instead of general anesthesia. TTE 
is used for imaging instead of TEE in the minimalist 
approach [33, 34].

However, TF access may not be possible in up 
to one third of patients with AS [35, 36] due to 
small, heavily calcifi ed and/or tortuous vessels. In 
such scenarios alternative access is needed. In the 
transapical (TA) approach, a small surgical inci-
sion in the 4th–5th intercostal space is used for the 
insertion of the THV delivery system through the 
left ventricular apex (Figure 2). This access requires 
anterograde deployment of the valve, and thus is 
only currently possible with the SAPIEN, Portico 
and Jenavalve. TA access allows a more coaxial 
deployment of the THV within the aortic annulus 
resulting in less PVL [37]. In a transaortic (TAo) 
approach, the delivery system is surgically inserted 
directly into the ascending aorta, using a 5–6 cm 
mini-sternotomy over the manubrium. This results 
in a retrograde deployment of the THV [38, 39], 
similar to the TF approach.

Finally, in patients who cannot undergo TF, TA 
or TAo approaches less commonly used alternative 
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Figure 3 Fluoroscopy During Transcatheter Aortic Valve Replacement (TAVR) With a Balloon Expandable SAPIEN XT 
Valve (white arrow) Using a Transfemoral (TF, A) or Transapical (TA, B) Approach.
Black arrow=TA access.

sites can be used such as transcarotid, subclavian/
transinnominate and transcaval [38, 40, 41]. In the 
transcaval approach, the delivery system is inserted 
through the femoral vein and is crossed into the 
aorta by creating a fi stula between the inferior vena 
cava and the aorta, which is closed at the end of 
the TAVR procedure with an Amplatzer device 
(St. Jude Medical) (Figure 4) [40, 42].

Regardless of the access used, confi rmation of 
proper THV position and the degree of PVL is 
assessed with a combination of echocardiography 
and aortography after deployment.

Complications

TAVR can be associated with procedural complica-
tions that can range from minor bleeding at the access 
site (minor vascular complication) to death. Improved 
patient selection, access and experience can reduce 
the likelihood of most of these complications [43–46]. 
Additional common complications of TAVR include 
paravalvar leak, cerebrovascular events, conduction 
disturbances and major vascular complications.

Paravalvar Leak

Paravalvar leak (PVL) results from incomplete 
sealing between the deployed THV and the annular 
landing area. Risk factors for PVL include severe 
landing zone calcifi cation [47, 48], device malposi-

tion and improper annular size ng [16, 17, 49]. The 
occurrence of PVL has important prognostic indica-
tions because even mild PVL has been associated 
with worse mid-term outcomes after TAVR [27, 50]. 
Pre-procedural MDCT using software for the evalu-
ation of structural heart disease (i.e. 3mensio, Pie 
medical imaging, Maastricht, The  Netherlands) can 
quantify calcifi cation, determine optimal deploy-
ment angle and size the annulus (Figures 1 and 2). 
THV type and size is then selected using this infor-
mation. New generations of THV design will hope-
fully reduce this complication.

Cerebrovascular Events

Cerebrovascular events, specifi cally major strokes, 
occur in 4–8% of TAVR patients [1–4], and usually 
occur within 10 days of the procedure [51]. Cur-
rent evidence suggests that most strokes associated 
with TAVR are embolic, caused by debris dislodge-
ment during catheter manipulation while crossing 
the aorta and during valve deployment [52]. Initial 
results from the PARTNER IA trial raised con-
cerns of higher stroke rates with TAVR than medi-
cal therapy or SAVR [1, 2], but results of the US 
pivotal COREVALVE clinical trial reported similar 
rates between TAVR and SAVR [4]. It is generally 
agreed that stroke is a possible complication regard-
less of the method for valve replacement (TAVR 
vs. SAVR) and the THV type used [46]. Embolic 
protection devices, percutaneously placed during 
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TAVR, are being evaluated in clinical trials. These 
fi lter devices are designed to “catch” embolic debris 
before it reaches the cerebral circulation [53, 54].

Conduction Disturbances

Injury of the cardiac conduction pathways adjacent 
to the aortic annulus after THV deployment can 
result in conduction abnormalities that range from 
transient atrioventricular (AV) and bundle branch 
blocks to complete AV block requiring implantation 
of a permanent pacemaker (PPM). Conduction dis-
turbances requiring implantation of a new PPM vary 
widely among devices. They occur within 30-days 
in 4–38% of TAVR patients [1, 2, 4, 55], and are 
more frequent in patients that undergo TAVR with 
a self-expandable THV than with a balloon expand-
able THV [55]. However, the severity of the clini-
cal impact of conduction disturbances after TAVR 

is controversial. Initial studies reported that the 
implantation of a new PPM was associated with 
later decrease in left ventricular function but with no 
adverse outcomes [56–58]. In contrast, more recent 
studies have reported that conduction disturbances 
(even isolated new left bundle branch block) are 
associated with increased length of stay, rehospitali-
zation or 1-year mortality [13, 59], probably due to 
ventricular dyssynchrony. The full signifi cance of 
these conduction abnormalities has yet to be deter-
mined in contemporary clinical trials and registries.

Vascular Complications

Vascular complications are more common with 
TAVR than with SAVR [1, 2, 4]; usually in the form 
of vascular injury caused by insertion of the delivery 
system or annular rupture during valve deployment. 
Not surprisingly, major vascular complications are 
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Figure 4 Transcatheter Aortic Valve Replacement (TAVR) Using the Transcaval Approach.
(A) An aortic snare is placed in the mid-aorta (dotted white arrow) and used as a target for a needle to cross from the inferior 
vena cava (IVC) to the aorta. (B) A wire guide is advanced through the needle and snared (white arrow). (C) The small 0.14 
wire guide is then advanced to the aortic arch and replaced with a standard TAVR wire guide. The delivery system is then 
advanced using this a wire guide (C, bent white arrow). (D and E) TAVR is then performed in standard fashion: the valve is 
aligned with aortic annulus (D, notched white arrow) and deployed (E, notched white arrow). (F) After TAVR, the veno-aortic 
fi stula is closed with an Amplatzer closure device (white arrow callout). Final aortography (F, black arrow) reveals trace leak 
into the IVC (F, stripped white arrow), which closes over time.
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associated with worse 30-day mortality after TAVR 
[60] but can often be prevented by using careful pro-
cedural planning, selection of access, annular siz-
ing and percutaneous closure devices (i.e. Perclose 
device, Abbott vascular, Abbott Park, IL, USA). 
Operators must have a low threshold of suspicion 
for vascular complications in patients that develop 
hemodynamic instability after THV deployment.

Valve-in-Valve Transcatheter Aortic 
Valve Replacement

Valve-in-valve (VIV) TAVR has now emerged as an 
alternative to surgery in patients with failing aor-
tic surgical bioprostheses [61] (Figure 5). Though 
patient selection, procedural planning and tech-
nique are similar to those described for patients 
with native valve AS, VIV-TAVR has unique chal-
lenges worth mentioning: malposition, coronary 
obstruction and suboptimal gradients [61]. The fi rst 
two complications may be the result of distortion 
of the landing zone anatomy observed after surgical 
replacement with a bioprosthesis. Thus MDCT and 
TEE assessment are particularly important before 
VIV-TAVR. Increased post-VIV-TAVR procedural 
gradients are more common in patients with previ-
ously placed, small surgical bioprostheses. Patient-

prosthesis mismatch also can occur because the 
THV must necessarily be smaller than the origi-
nal surgical bioprosthesis (“Russian doll model”). 
Use of MDCT sizing and widely available apps for 
VIV-TAVR can aid in determining the THV type, 
size and deployment location based on the specifi c 
surgical bioprosthesis. Recent in-vitro studies sug-
gest that a supra-annular deployment of a SAPIEN 
XT valve can result in lower transvalvular pressure 
gradients, with the drawback of a decrease in radial 
force [62]. Similarly, the COREVALVE valve cur-
rently approved for VIV-TARV in the US may pro-
vide lower gradients in its normal position due to 
its supra-annular leafl et design. The best technical 
strategy for VIV-TAVR needs further study.

Will TAVR be Used for All Patients 
With Aortic Valve Disease?

TAVR is currently the standard of care for high and 
very high surgical risk patients with symptomatic 
AS [5]. Pending results of clinical trials, the benefi t 
of TAVR almost certainly will extend into lower sur-
gical risk populations. Proper patient selection will 
continue to be critical and require a comprehensive 
heart team evaluation that incorporates each patient’s 
surgical risk and anatomical characteristics [63].

Figure 5 Valve-in-Valve Transcatheter Aortic Valve Replacement (VIV-TAVR) With a SAPIEN XT (A–D) and With a 
 COREVALVE (E–H).
Black arrow=surgical bioprosthesis. White arrow=transcatheter heart valve within the surgical bioprosthesis. Black arrow 
(white borders)=fi nal aortography.
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The better technology of the newer THVs can 
potentially improve TAVR procedural success. 
New generations of THV’s have more THV sizes 
and their delivery systems have smaller diameters. 
Hopefully these advantages will decrease com-
plications and increase the inclusion criteria for 
TAVR. Whether delivery system diameters can 
be further decreased to allow a transbrachial and 
even transradial TAVR is speculative, but theoreti-
cally possible. Collaboration between clinicians 
and  bioengineers will be critical to produce such 
 innovations.

Technical improvements have helped make so 
called “minimalist” TF-TAVR possible in selected 
cases. Minimalist TF-TAVR is associated with 
shorter length of stay and lower costs with similar 
outcomes compared to standard TF-TAVR [33]. 
In a high volume TAVR center, transition to mini-
malist TF-TAVR is possible without the need of a 
learning curve [34]. This suggests that a wider use 
of this strategy should be expected. However, vali-
dation and determination of inclusion criteria for 
minimalist TAVR are still needed. In addition, there 
are safety concerns for complex cases (i.e. patients 
with multiple comorbidities or complex anatomy), 
which may make universal adoption of minimalist 
TAVR diffi cult. However, this minimalist approach 
represents the fi rst step to decrease cost and transi-
tion TAVR into a truly outpatient procedure.

Another important technical advance of TAVR has 
been the increasing options of alternative approaches. 
Patients that, in the past, could not be candidates 
for TF- or TA TAVR now may have multiple other 
options for transcatheter access. Alternative access 
sites now include trans-aortic, trans-carotid [38], 
subclavian, and more recently a transcaval approach 
[40, 42]. The transcaval approach deserves special 
mentioning. In this approach, the delivery system 
is introduced into the femoral vein and then in the 
mid-abdomen is crossed into the aorta by creating a 
fi stula between the inferior vena cava (IVC) and the 
aorta. The shunt is closed with an Amplatzer device 
at the end of procedure (Figure 4). The transcaval 
approach has been shown to be feasible in patients 
with no other access option [40, 42], and is being 
studied in a clinical trial in the US. More evidence 
of safety, ideal inclusion criteria, and experience 
in multiple centers are needed. But adoption of the 
transcaval approach may make many patients with 

severe peripheral vascular disease candidates for 
a far simpler femoral venous approach for TAVR. 
Rather than having operative access through a TA 
or TAo approach, such patients could potentially 
have a minimalist transcaval TAVR, and be dis-
charged early.

Reduction of complications is still a priority 
for all TAVR operators. Compared to initial stud-
ies, rates of TAVR related complications continue 
to decrease as the indications for TAVR expand to 
lower surgical risk patients [45, 46, 60, 64]. Out-
comes will also improve with the use of better tech-
nology. For example, the use of cerebrovascular 
embolic protection devices (i.e. Embrella Embolic 
Defl ector System [Edwards Lifesciences]), some of 
which have already CE mark approval in Europe, 
may help reduce the number and/or size of cerebro-
vascular events [54, 65].

It appears that complications are already decreas-
ing as experience increases. In this respect, recently 
published results from the GARY registry are reas-
suring. Walther et al. have shown a decrease in the 
rate of complications over time in an all-comer reg-
istry of high risk patients that underwent TAVR in 
Germany [64].

The long-term durability of TAVR remains 
unknown. Initial fears that bioprosthesic valve tis-
sue would be damaged by compression, become 
more fragile, and hence have shorter long term 
function, have given way to promising 5-year fol-
low up data reported from clinical trials and regis-
tries [25, 66]. But only time will tell the average life 
expectancy of these valves. Recently reported sub-
clinical leafl et thrombosis detected using MDCT 
has raised concerns on the future performance of 
some of these valves [67]. This observation, which 
needs to be validated in larger studies, raises the 
question of whether dual antiplatelet strategy after 
TAVR may be suboptimal in some patients. Trials 
are now under way to compare antiplatelet and anti-
coagulant treatment strategies after TAVR, and may 
well change post-TAVR therapies. THV long term 
durability and the most effective post-TAVR treat-
ment will have to be proven before TAVR becomes 
the standard of care for low surgical risk patients 
with AS.

VIV-TAVR will increasingly be used in patients 
with prior surgical or transcatheter bioprostheses 
to avoid repeat open-heart surgery, especially in 
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patients with elevated surgical risk. However, more 
data and experience is needed to determine the opti-
mal THV type, size and deployment location. In 
the future, the technology of both surgical and tran-
scatheter heart valves will perhaps be redesigned to 
make the VIV-TAVR strategy the standard of care 
of patients with degenerative bioprostheses.

As TAVR becomes an increasingly common 
treatment strategy for AS and bioprosthesis 
degeneration, more experience will be needed to 
determine the benefi t of its use of the treatment 
of AR. Some of the unique challenges associated 
with AR include a more insidious disease onset, 
younger patient population, less clear indication 
for early valve replacement and concomitant aor-
tic root dilation, which may complicate anchor-
ing of a THV. Experience from case reports and 
small registries show that TAVR in AR is possi-
ble using existing valves (COREVALVE, Lotus, 
DirectFlow) [31, 68–70], new valves (Jenavalve, 
ACURATE TA, Enganger) [30, 71–73] or dock-
ing devices (Helio dock, Edwards Lifescience) 
designed to assist the deployment of a SAPIEN 
XT valve [74]. Larger controlled studies will be 
needed in the future.

TAVR in patients with bicuspid aortic valve dis-
ease is possible. A multi-center study by Mylotte 
et al. showed that in high-risk patients with bicus-
pid valve disease (AS, AR or mixed) that under-
went TAVR, the 30-day device success was 89.9%, 
procedural mortality was 3.6% and 1-year mortal-
ity was 17.5% [75]. However, these patients had 
higher rates of post implantation PVL (28.4%) than 
observed in patients with senile AS [75]. Valve 
deployment in a congenital bicuspid aortic valve 

might also need to be different than in a functional 
bicuspid valve. The advantages of TAVR in young 
patients with congenital aortic valve disease remain 
to be determined. TAVR can be used as a means to 
prolong time between open-heart surgeries. How-
ever, a patient who is growing will ultimately have 
patient-prosthesis mismatch. Perhaps future inno-
vation would allow us to implant a THV that can 
grow over time with the patient.

Conclusions

TAVR is the primary therapy for AS in patients con-
sidered inoperable and is increasingly used in inter-
mediate and high surgical risk patients with native 
valve AS and in patients with a failing surgical bio-
prosthesis. The relatively rapid acceptance and suc-
cesses observed with TAVR have been made possi-
ble through careful patient selection by heart teams, 
preprocedural imaging (i.e. MDCT annular sizing), 
THV technology (i.e. new generation valves), and 
procedural techniques (i.e. minimalist TF-TAVR 
and alternative percutaneous access options), as 
well as a decrease in complications as TAVR expe-
rience grows. When TAVR expands into patients 
with AR and AS at lower surgical risk, more studies 
will be needed regarding safety, long-term durabil-
ity and antithrombotic medical therapy compared to 
surgical valves, but the future of TAVR is a bright 
one.
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