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Aortic stenosis (AS) is the most common acquired valve disease
in elderly patients, with a prevalence of 2.8% in those 75 years or
older [1]. As the general population ages [2], it is reasonable to
expect that the number of patients seeking treatment for AS also
will increase in the coming years. Surgical aortic valve replace-
ment (SAVR) remains the most effective treatment for AS and can
be performed with excellent results [3–7]. However, elderly pa-
tients increasingly are presenting with multiple comorbidities,
making them either high- or extreme-risk surgical candidates.
Transcatheter aortic valve replacement (TAVR) was developed as
an alternative to SAVR for patients at high operative risk. Since
the introduction of this transformative technology in 2002, TAVR
has been found to be superior to standard medical therapy at
5 years in inoperable patients [8]. In addition, mid-term results
have revealed that TAVR is equivalent or has superior survival
compared with SAVR in high-risk operative patients [9, 10]. These
findings, combined with the minimal invasive nature of TAVR,
have resulted in an explosion in the number of these procedures
performed in North America and Europe [11, 12]. A similar
marked experience in the number of TAVR-related clinical stud-
ies also has been observed in the last few years, with several

recent clinical trials even investigating the use of TAVR in inter-
mediate- and low-risk patients [13, 14].

With such a rapidly developing landscape in the management of
patients with severe AS, recommendations that have been pub-
lished by various medical societies may no longer accurately reflect
current clinical practice. For example, valve guidelines produced by
the European Society of Cardiology/European Association for
Cardio-Thoracic Surgery in 2012 listed bicuspid aortic valve disease
and untreated coronary artery disease requiring intervention as
relative contraindications for TAVR [15]. However, increasing clinical
experience suggest that TAVR can be performed in both of these
scenarios (combined with percutaneous coronary intervention for
the latter) with good results [16, 17]. As another example, the
American Heart Association/American College of Cardiology guide-
lines from 2014 recommend SAVR as the procedure of choice for
intermediate-risk patients with AS (class of recommendation I, level
of evidence A) [18]. However, recent data have suggested that
transfemoral (TF) balloon-expandable TAVR may be superior to
SAVR in intermediate-risk patients [13, 14]. Another randomized,
prospective trial using the self-expanding TAVR valve compared
with surgery in intermediate-risk patients is forthcoming.
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In addition to the rapidly changing landscape for patients with
AS, significant variations in clinical practice patterns—for a variety
of causes—also can be observed between North America and
Europe. For example, TAVR was being performed at a much
more frequent rate in Germany than in the USA over the last few
years. However, TAVR has increased rapidly in the USA and cur-
rently is being performed in 44.4% of patients requiring isolated
aortic valve procedures, compared with 46.7% in Germany. With
this background, the current document aims to evaluate the simi-
larities and differences in the indications and patient populations
currently undergoing SAVR and TAVR in Europe and North
America. In addition, our multidisciplinary, international writing
group aims to present an up-to-date overview of the current
state of TAVR to further guide practice patterns and future areas
of research within the greater cardiovascular community.

THE ROLE OF THE HEART TEAM

Members and qualifications of the Heart Team

The Heart Team has become a central concept in modern cardio-
vascular disease. Team-based care has been a widely used
approach in many medical and surgical fields such as oncology,
solid-organ transplants and neurovascular disease. However, it has
reached a more integrated level with the inclusion of the Heart
Team in the USA as a requirement by the Center for Medicare/
Medicaid Services for reimbursement. In addition, in Europe, it is
codified in guidelines as a Class I indication for revascularization of
patients with chronic stable angina and structural heart disease.
The concept of bringing together a multidisciplinary team to reach
a consensus in managing complex patients and thereby optimizing
outcome is straightforward. Less straightforward is the make-up of
and implementation of this multidisciplinary team in daily prac-
tice. Equally less straightforward are the metrics that can be used
to judge the efficacy in clinical care.

With TAVR, the Heart Team seems intuitively obvious, because
the care of patients with structural heart disease such as AS
crosses the boundaries of cardiac surgery and cardiology, each of
which bring different expertise and experience to these complex
patients. This is particularly true because both catheter-based as
well as surgical skills are needed for patient selection, procedural
techniques and periprocedural management of complications
should they occur. Both the US and European guidelines are pro-
ponents of the Heart Team, with specific performance of TAVR in
hospitals with cardiac surgery on-site.

Components of the Heart Team

Components of the TAVR Heart Team vary. At the present time, the
core consists of the partnership between the interventional cardiolo-
gist and cardiac surgeon. As mentioned, this relationship has been
codified for reimbursement but in actual fact provides merit. Other
members of the Heart Team should include imaging specialists
experienced with echocardiography and computed tomography
(CT), cardiac anaesthesia, non-procedural cardiologists whose role
will be to manage the patients pre- and postoperatively and also in
terms of longer term care, as well as nursing care specialists and
advanced practice providers for these high-risk patients with mul-
tiple comorbidities. Occasionally neurologists are required to help
determine levels of preoperative dementia. The addition of a patient

(or family advocate) may be very valuable in some circumstances to
help synergize physician and patient expectations.

Nodes of interaction

There are multiple areas and needs for interaction (Fig. 1). Some
of these may either occur or be met in structural space, others in
the virtual reality of telemedicine. Essential points of contact
include:

1. Evaluation of the patient with AS for the potential need for
mechanical intervention. This requires evaluation of clinical
patient demographics and the baseline assessment of hae-
modynamics as well as the degree, severity and extent of
comorbidities.

2. After evaluation as a candidate, the surgeon and cardiologist
should decide on the risk–benefit ratio of the relative merits
for medical therapy or aortic valve replacement via the TAVR
or SAVR techniques.

3. Discussion with the patient and family by both surgeon and
cardiologist about options available and educating the patient
about the risk–benefit ratio for SAVR versus TAVR as well as
specific access routes, prosthetic type and type of anaesthesia.

4. Performance of the procedure. This will include details of the
place of the procedure, that is hybrid operating rooms or
catheterization laboratory, types of anaesthesia (general vs
moderate intravenous sedation), access route (TF or non-TF),
selection of device size culminating in optimizing placement
of the TAVR prosthesis documenting its stable position and
haemodynamic results.

5. Periprocedural care and follow-up. In this group, the Heart
Team will need to include general cardiology as a bridge to
the primary care giver of the patient which is essential for
continuity.

The potential advantages can be seen in Table 1. These relate
to patient-centric care, resource use, professional satisfaction,
procedural reimbursement and generation of new knowledge in
the field to optimize results in the future as well as develop new
approaches to treatment.

The success with the appropriate use of the Heart Team has trans-
formed the culture of management of AS in the USA. Patients have
benefited with expeditious decision-making with the co-manage-
ment of these complex patients, while maintaining equipoise

• Anesthesiologist
• Cath Lab and OR Staff
• Nurses
• Referring Physicians
• Geriatric Medicine

• Echocardiographer
• CT Specialist
• Radiologist

Interventional 
Cardiology

Cardiac 
Surgery

Imaging

TAVR 
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Figure 1: Components of the Heart Team. Cath Lab: Catheter laboratory; OR:
operating room; TAVR: transcatheter aortic valve replacement; CT: computed
tomography.
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regarding patient care. In contrast, some centres in Europe per-
formed TAVR without integration of a full Heart Team, particularly
in the early years of this transformative technology. The future role
and preservation of the Heart Team is critical, as cardiologists and
cardiac surgeons should continue to maintain this check and bal-
ance system for providing optimal care not only for those with AS
but in the widening field of transcatheter mitral valve technologies.

UPDATES FROM THE EUROPEAN REGISTRIES

German Aortic Valve Registry

The German Aortic Valve Registry (GARY) was founded by both
the German Society of Cardiology and the German Society
of Cardiothoracic and Vascular Surgery in 2010. The idea of this all-
comers registry is to capture surgical and transcatheter interventions
in Germany with a 5-year follow-up. Financial support was given by
both Societies, the German Heart Foundation and generous support
by various industry partners. Hospital outcomes were reported to
the independent research institute, BQS Institute, which performs
the follow-up and statistical analyses. The GARY registry was very
well accepted by 90 participating German institutions, and more
than 100 000 patients have agreed to participate in this unique
registry. Patients collected within the GARY registry include those
undergoing isolated SAVR, SAVR combined with coronary artery
bypass grafting (SAVR + CABG), and TAVR with TF-TAVR or transapi-
cal access (TA-TAVR) [11, 19–21].

The first report published in the European Heart Journal by
Hamm and colleagues [19] demonstrated that 98.5% of the pa-
tients could be followed and hospital mortalities were depicted
for SAVR, SAVR + CABG and TAVR. In this early series, the surgical
results seemed to be better in all groups with low, intermediate
and greater European System for Cardiac Operative Risk
Evaluation (EuroSCORE) score, whereas in the highest risk scores
TF-TAVR had similar outcomes [19].

One of the primary aims of this database is to compare trans-
catheter with conventional surgical treatment. Based on the
newly created German Aortic Valve Score that stratifies patients
into 4 risk groups with low (0–20%), moderate (20–40%), inter-
mediate (40–60%) and high (<60%) risk, observed mortality is
compared with expected mortality [11, 19–21].

Various analyses from this registry have yielded highly interest-
ing findings. At the 1-year follow-up, patients undergoing con-
ventional SAVR in the low-risk group demonstrated excellent
results, whereas transcatheter-based therapy proved to be a very
good alternative for elderly and high-risk patients [19, 20]. One-
year survival rate was 93.2% and 89.4% for the SAVR and
SAVR + CABG patients, respectively [21]. Furthermore and very
importantly, total stroke rates were low (between 3.0% and 4.0%)
in comparison with TAVR [21]. The GARY Registry has disclosed
good outcomes after TAVR and a survival of approximately 60%
of TAVR patients who experienced severe vital complication [11].
In addition, severe complications have steadily decreased over
time (Fig. 2).

The French Registry

With the first successful human TAVR case performed in France
by Alain Cribier in 2002 [22], it is only fitting that one of the ear-
liest registries to evaluate TAVR is from France. Eltchaninoff and
colleagues [23] described 244 consecutive patients undergoing
TAVR from February 2009 to July 2009 from 16 centres selected
by the French Ministry of Health based on the presence of a
multidisciplinary on-site team of an interventional cardiologist,
cardiothoracic surgeon, anaesthesiologist and an imaging special-
ist. The French Ministry required an annual volume of >200

Table 1: Potential outcomes of effective Heart Team interventions

Patient Clinician Health
system

Improved knowledge X X
Reduced decisional conflict X
Greater satisfaction (with care delivery process) X X
Involvement in shared decision-making X X
Improved QoL X X
Expanded clinical and procedural skill set X
Reduction in variability both in access and outcome X
Greater adherence to guidelines X
Lower readmission rates X
Shorter length of stay X
Faster time to decision X
Lower cost X
Improved care coordination and communication X

QoL: quality of life.

Figure 2: Decreasing incidence of severe transcatheter aortic valve replacement
complications in Germany from 2011 to 2013 (with permission from Walther
and colleagues [11]).
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aortic valve replacement (AVR) per year, experience in balloon
aortic valvuloplasty and/or TAVR and a geographic distribution
throughout the country. The Registry was under the authority of
the French Societies of Cardiology and Thoracic and Cardio-
Vascular Surgery. A unique aspect of this registry included the
evaluation of both balloon- and self-expanding TAVR prostheses.
For all patients, the Society of Thoracic Surgeons (STS) predicted
risk of operative mortality was 18.9 ± 12.8%, with a mean age of
82.3 ± 7.3%. There was a 30-day mortality of 12.7% and an initial
stroke rate of 3.6% [23].

Subsequently, in January 2010, a total of 34 centres were
authorized to perform TAVR by the French Ministry of Health
and named the French Aortic National CoreValve and Edwards
(FRANCE 2) TAVR Registry [24]. Gilard and colleagues [24] eval-
uated 3195 patients from 2010 to 2011 with a mean age of
82.7 ± 7.2 years and an STS score of 14.4 ± 11.9%. They noted a re-
markable 96.9% procedural success rate, as well as a 9.7% 30-day
and 24.0% 1-year mortality. At 30 days, there was greater mortal-
ity in those undergoing TA-TAVR compared with TF (13.9% vs
8.5%), but no difference between the balloon- and self-
expanding valves (9.6% vs 9.4%). The major stroke rate had
decreased from previous studies to 2.3%. Since the initial report
from the FRANCE 2 registry, these investigators have contributed
importantly to this burgeoning field with reports such as those
on the predictive factors to risk assessment [25], outcomes related
to pacemaker implantation [26] and prognostic value of pre-
existing and new onset atrial fibrillation [27, 28].

The United Kingdom (UK) TAVR Registry

The UK TAVR registry initiated in 2007 with centres performing
TAVR in England and Wales. The Society of Cardiothoracic
Surgery in Great Britain and Ireland and the British
Cardiovascular Intervention Society established the data set on
short-term outcomes, whereas longer term mortality was tracked
via the National Health Service Central Registry. The initial publi-
cation from the UK registry by Moat and colleagues [29] was
unique in that it captured all 870 TAVR procedures performed in
this region, with 100% follow-up and encompassed implants
from both the original SAPIEN and CoreValve devices. In a high-
risk patient cohort, they noted a 30-day survival of 92.9%, very
similar to other national databases. The learning curve was quite
dramatic, such that over a 2-year time period, the authors noted
an approximately 96% 30-day survival in those patients undergo-
ing TAVR in 2009. This was also one of the first reports to evalu-
ate patients with at least a 1-year follow-up; they noted a 78.6%
and 73.7%, 1- and 2-year survival, respectively [29]. In a follow-
up study of the same patients, Duncan and colleagues [30]
reported an acceptable 3- and 5-year survival rates of 61.2% and
45.5%, respectively.

Since then, the UK TAVR Registry has been very productive in
evaluating all aspects of this burgeoning treatment for AS.
Fröhlich and colleagues [31] recently noted that TA and trans-
aortic TAVR had similar results and were worse than those
undergoing TF-TAVR. However, they also noted that mortality in
those patients undergoing subclavian access was similar to TF-
TAVR and may represent the safest non-femoral access route.
Most recently, Ludman and colleagues [32] evaluated 92% of all
TAVR cases done in England and Wales from 2007 to 2012 with
follow-up of >6 years. They noted that the mean age of patients
remains older than 80 years of age, and the logistic EuroSCORE

of approximately 18% has not declined during this 6-year time
period. The strongest independent predictor for long-term sur-
vival was periprocedural stroke, whereas non-femoral access and
postoperative aortic regurgitation were also significant predictors
[32]. The authors also found a significant decrease in major pre-
procedural complications during the 6-year time period second-
ary to device iterations and physician experience. When
comparing the impact of TAVR on SAVR volume in the United
Kingdom from 2006 to 2012, Grant and colleagues [33] noted
that TAVR has grown from 0.8% of all implants to 10.9% in 2012,
whereas overall TAVR and SAVR volumes also increased. They
did note that, as expected, the TAVR patients were older
(81.3 ± 7.6 years vs 68.1 ± 12.5 years) and had a higher mean logis-
tic EuroSCORE (21.9 ± 13.8% vs 7.9 ± 8.8%) than those undergoing
isolated SAVR. Correspondingly, they observed 30-day mortality
rates of 2.1% for isolated AVR and 6.2% for TAVR, as well as
5-year survival rates of 82.6% and 46.1%, respectively.

The US STS /American College of Cardiology
Transcatheter Valve Therapies Registry

Since its inception in 1 January 2012, virtually all patients treated
with commercial TAVR devices have been enrolled at the 348 cen-
tres approved in the USA and have been entered into the
Transcatheter Valve Therapies (TVT) Registry [12, 34, 35]. By the end
of 2014, 26 414 patients had been included, whereas up through
the end of 2015, approximately 35 000 have been so entered. In
addition to these patients, approximately 5 to 10 000 additional re-
search cases also have been performed that are not included in the
TVT Registry because of industry and regulatory issues.

The latest published data document the demographics, which
continue to describe the patients as elderly (mean 82 years), se-
verely symptomatic [approximately 83% New York Heart
Association (NYHA) Class III/IV] and with multiple comorbidities.
Over the experience of the Registry, the mean STS score has
decreased through the end of 2014 [12]. For the calendar year
2014, the median score was 6.69. This decrease has been the re-
sult of changing protocols as well as changing experience with
lower risk patients. Important trends have been identified: (1) the
final aortic valve mean gradient is <20 mmHg in 95% of patients;
(2) in-hospital mortality is currently (2014) 4.4% and device suc-
cess (Valve Academic Research Consortium-1 criteria) is 93.7%;
(3) vascular complications continue to decrease now down to
4.2%, whereas neurologic complications remain stable at 2.2%;
and (4) procedural performance has changed, with a marked in-
crease in TF approach and typically now percutaneous access
techniques are used. These latter trends should continue as
sheath and device technology becomes smaller.

Registries such as TVT are important in that they facilitate in-
formation analysis on large groups of consecutive patients and
offer the chance to identify specific factors associated with ad-
verse outcomes, such as chronic kidney disease (CKD).
Furthermore, they offer the opportunity for development of
TAVR-specific risk prediction models for a variety of end-points
including in-hospital 30-day and 1-year mortality as well as
stroke. Such risk prediction models are extremely useful for pa-
tient education and selection and are forthcoming.

Such registries are also important for monitoring ‘real-world’
outcomes and quality assessment after the approval of new de-
vices and widespread adoption across cardiovascular centres. For
example, mortality rates for TAVR observed in the TVT Registry
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have been roughly equivalent to STS predicted risk of mortality.
In contrast, device approval studies, which tend to be performed
in selected centres with documented expertise, consistently re-
veal mortality rates that are lower than STS scores (Fig. 3). Such
data support the argument for centralization of TAVR in centres
with volume and expertise.

The Canadian Registry

The Canadian TAVR multicentre experience evaluated the initial
339 patients who had undergone TAVR with a balloon-
expandable valve (Cribier-Edwards or Edwards SAPIEN; Edwards
Lifesciences, Irvine, CA, USA) in Canada between 2005 and 2009.
The patients were treated under a special access programme
approved by Health Canada. This series reflects the very initial
TAVR experience in Canada and provided one of the first ana-
lyses of the factors associated with poorer acute and late out-
comes [36, 37]. The patients had a very high or prohibitive
surgical risk (mean STS score of approximately 10%), and one of
the main results of the study was related to the relatively high
mortality rate at 1- (24%) and 4-year (56%) follow-up. Late (>30-
day) mortality was due to non-cardiac causes in most (60%) pa-
tients. The main predictors of poorer late outcomes were chronic
obstructive pulmonary disease (COPD), CKD, frailty (as evaluated
by the ‘eyeball test’) and chronic atrial fibrillation.

The Canadian TAVR experience evidenced the relatively high
mortality rates associated with TAVR in extreme-risk patients at
mid- to long-term follow-up and highlighted the importance of
non-cardiac comorbidities in such outcomes. Interestingly, sub-
sequent all-comer registries with increasing centres/operators’
experience and improved transcatheter valve device/delivery sys-
tems recently showed the same mortality rates (24%) at 1-year
follow-up [24, 35], probably reflecting the major importance of a

better patient selection for improving outcomes post-TAVR. The
development of TAVR risks scores remains therefore of major im-
portance for better identifying those patients likely to benefit
from the procedure. Initial attempts for implementing specific
TAVR risk scores have been performed within the FRANCE 2
registry for predicting 30-day mortality and the PARTNER trial
for predicting 6- to 12-month futile outcomes [mortality or lack
of quality of life (QoL) improvement] [25, 38]. However, no ob-
jective measures of frailty were included in such TAVR risk scores,
despite that frailty increasingly has been recognized as an im-
portant prognostic factor among TAVR candidates [39]. Further
studies are warranted to further develop multivariate TAVR risk
scores combining variables reflecting cardiac and non-cardiac
conditions and frailty.

IMPACT OF INTERMEDIATE-RISK TRIALS

As the adoption of TAVR as a treatment option in high- and
extreme-risk patients has grown rapidly worldwide, there re-
mains considerable interest in expanding to a lower risk popula-
tion. In a real-world US experience, Holmes and colleagues [12]
have shown in the US TVT database that the median STS score
has decreased from 7.1% in 2012 to 6.7% in 2014 [12].
Furthermore, they showed that 61.3% of patients in the USA had
an STS score <8% in 2014. Despite the decrease in STS score for
patients undergoing TAVR in the US, there remains a paucity of
data in these intermediate-risk patient populations.

Wenaweser and colleagues [40] noted 16.1% 1-year all-cause
mortality in 254 patients with an STS score of 5.1%. In several
retrospective database analyses, outcomes of TAVR and SAVR pa-
tients have been compared with the use of propensity matching
in intermediate-risk patients. In the Italian OBSERVANT study,
Tamburino and colleagues [41] compared 650 TAVR patients

Figure 3: Observed versus STS predicted risk of mortality rates in TAVR registries and trials. Observed mortality rate from the TVT Registry is roughly equal to STS
score, whereas device approval studies tend to have lower observed mortality rates. TAVR: transcatheter aortic valve replacement; AVR: aortic valve replacement; STS:
Society of Thoracic Surgeons; OM: observed mortality; PROM: predicted risk of mortality.
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(mean logistic EuroSCORE 2 of 5.1%) with 650 undergoing sur-
gery (logistic EuroSCORE 2 of 4.9%). They noted similar 1-year
all-cause mortality for TAVR (13.8%) and SAVR (13.6%) [41].
Furthermore, they showed no difference in major adverse cardiac
and cerebrovascular events between the TAVR (18.2%) and the
SAVR (17.6%) groups. Similarly, Piazza and colleagues [42] pro-
pensity matched 810 TAVR and SAVR patients with an STS score
between 3% and 8%. They noted no difference in 1-year mortal-
ity between groups (TAVR: 16.5% and SAVR: 16.9%). In lower risk
patients, the only randomized trial to compare TAVR (n = 145,
mean STS score 2.9%) with surgery (n = 135, mean STS score
3.1%) was in the all-comers NOTION trial [43]. These authors
showed similar rates of adverse events at 1 year with TAVR versus
SAVR (13.1% vs 16.3%, P = 0.43 for the composite end-point of
death, stroke and myocardial infarction). The authors did note a
4.9% all-cause death at 1 year; however, this was not statistically
different from the SAVR group (7.5%, P = 0.38). It is important to
note, however, that the NOTION trial was underpowered for
most major outcomes.

Most recently, the PARTNER 2A randomized trial comparing
TAVR and SAVR and the PARTNER 2 SAPIEN 3 intermediate-risk
propensity score analysis have been published [13, 14]. These 2
publications evaluated more than 3000 intermediate-risk patients
with severe AS. The first randomized 2032 patients to either the
second-generation balloon-expandable SAPIEN XT transcatheter
heart valve (THV) or SAVR. Leon and colleagues [13] reported the
2-year rate of mortality or disabling stroke was similar between
TAVR (19.3%) and SAVR (21.1%) (Fig. 4). However, in the TF-
TAVR cohort, TAVR resulted in a lower rate of death or disabling
stroke than surgery (P = 0.05). In the transthoracic access cohort,
outcomes were similar between groups. TAVR resulted in lower
rates of acute kidney injury, severe bleeding and new-onset atrial
fibrillation; surgery resulted in fewer major vascular complica-
tions and less paravalvular aortic regurgitation. Some questions
have been raised regarding the comparability of the 2 patient

groups since concomitant procedures were more common in
SAVR patients. Comparison of SAVR with TF-TAVR patients also
is limited by the fact that greater risk transthoracic patients were
excluded.

Kodali and colleagues [44] recently described the lowest 30-
day mortality in intermediate-risk patients (approximately STS
score of 5%) using the third-generation balloon-expandable
SAPIEN 3 THV including a mortality incidence of 1.1%, disabling
strokes of 1.0%, and moderate/severe paravalvular regurgitation
of 3.8%. A follow-up study of these SAPIEN 3 patients included a
propensity score analysis by Thourani and colleagues [14] com-
paring 963 intermediate-risk patients undergoing TAVR with 747
SAVR patients of PARTNER 2A trial. At 1 year, these investigators
showed that TAVR was superior to SAVR for the primary com-
posite end-point of mortality, stroke and moderate or severe
aortic regurgitation (P < 0.0001). Moreover, they noted that for
the individual end-points of all-cause mortality and all-stroke,
TAVR was superior to SAVR. However, SAVR had significantly less
rates of higher moderate aortic regurgitation post-implant com-
pared to TAVR, which was 1.5% at 1 year. With the data just pub-
lished from these trials, some have suggested that TF-TAVR might
be the preferred treatment alternative in intermediate-risk pa-
tients. Further supportive evidence may arise from the results of
the SURTAVI trial investigating the CoreValve device (Medtronic,
Minneapolis, MN, USA) in intermediate-risk patients, which are
expected next year.

Currently, both the American Heart Association/American
College of Cardiology and European guidelines have noted that
surgical AVR is the procedure of choice for those considered
intermediate risk. With recent data regarding this patient popula-
tion, the guidelines committees will have an additional charge to
evaluate the role of TAVR in this population, which is approxi-
mately 14% of all patients undergoing SAVR in the USA [7].
Furthermore, it is important to note that improvements in pre-
procedural planning have led to improved TAVR outcomes and

Figure 4: Mortality and stroke rates for surgical aortic valve replacement versus TAVR in intermediate-risk patients (with permission from Leon and colleagues [13]).
No significant difference was observed between groups. CI: confidence interval; TAVR: transcatheter aortic valve replacement.
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that many device-related complications of TAVR, including para-
valvular leaks (PVLs) or the need for a permanent pacemaker,
may become less common with later generations of devices.

One of the major issues that needs to be determined before
widespread adoption of TAVR in intermediate-risk patients can
be recommended is TAVR device durability. Limited data on dur-
ability currently are available because TAVR was applied initially
to high-risk patients with limited survival [45]. A recent presenta-
tion on early TAVR degeneration raised a lot of interest [46], but
some have questioned the methodology of this study. Although
longer follow-up is required to assess valve durability and risk of
valve thrombosis (see LEAFLET IMMOBILITY), the movement to-
wards TAVR in lower risk patients is inevitable. Indeed, 2
randomized trials have begun in the USA that compare TAVR
with SAVR in low-risk patients (ClinicalTrials.gov identifiers
NCT02675114 and NCT02701283).

Patterns in financial reimbursement may affect the number of
TAVR procedures that are currently performed, particularly in
Europe. The current reimbursement system allows for liberal use
of TAVR in Switzerland, Denmark and Germany, whereas finan-
cial restrictions are quite marked in other European countries
(e.g. Spain, Portugal and the United Kingdom) [47, 48]. The num-
ber of TAVR might increase in these countries if the financial re-
strictions disappeared. In addition, the number of open-heart
surgery per million inhabitants in Southern Europe is much less
than in the USA and Northern Europe [49]. The difference may
be the result of differences in financial remuneration or a differ-
ence in the incidence of aortic valve disease.

SPECIFIC PATIENT CHARACTERISTICS

The advent of TAVR spawned effective treatment of patients with
symptoms due to severe AS who otherwise could not or would not
be offered SAVR. The evolution of the field started with randomized
controlled trials of TAVR compared with standard medical therapy
in inoperable patients (PARTNER 1B and CoreValve extreme-risk tri-
als) and moved to comparison of TAVR with conventional SAVR in
high surgical risk patients (PARTNER 1A and CoreValve Pivotal trials).
Consequently, 2 of 3 prospective studies studying intermediate-risk
AS patients (PARTNER P2A, PARTNER S3i and SURTAVI trials) re-
cently have been published in the USA [13, 14]. As expected and
secondary to a multitude of reasons, notably better patient selection,
the risk of TAVR has declined over time.

It must be remembered that coexistent diseases such as end-
stage renal disease (ESRD) requiring renal replacement, recent
stroke, untreated coronary artery disease, poor left ventricular
systolic function [left ventricular ejection fraction (LVEF) <30%],
severe chronic COPD, severe pulmonary hypertension, severe
mitral regurgitation (MR), active neoplasms and endocarditis
were generally exclusion criteria in the aforementioned clinical
trials. Other factors, such as frailty, dementia, active cancer, debil-
itating frailty and liver disease, were not incorporated into the
overall risk assessment process in the early trials. These patients,
commonly called ‘Cohort C’, remain a difficult cohort in terms of
determining the most appropriate therapy.

Even though these sicker patients were excluded, the all-cause
5-year mortality rates of patients who received TAVR in the
PARTNER 1B and 1A trials were 72% [8] and 68% [9], respectively.
These very high attrition rates reflected how old and sick these se-
lected individuals were. Indeed, investigation of overall poor out-
come (combined lack of functional benefit, poor QoL and death)

by Arnold and colleagues [38] were eye-opening in showing that
one-third of 2137 patients in the PARTNER 1 trial population had
a poor outcome by 6 months. Real-world application of TAVR is
not constrained by the strict exclusion criteria inherent in the con-
trolled trials; therefore, it became important to assess overall pa-
tient outcome after TAVR. Arnold and colleagues [50] analysed
survival after TAVR in 7769 patients in the USA. TVT Registry
population using preoperative patient-reported health status [as-
sessed by the Kansas City Cardiomyopathy Questionnaire (KCCQ)]
and observed that those with a KCCQ score <25 (very poor health
status) had a 1-year mortality exceeding 25%, compared with ap-
proximately 11% for those with a KCCQ score >75 (indicative of
‘good’ health status).

It is essential for astute and responsible clinicians to differenti-
ate between interventions that are very high risk and those that
are futile. It generally is well accepted that SAVR or TAVR in those
with an estimated life expectancy less than 1 year or in whom
other diseases and disabilities realistically preclude any benefit in
terms of survival, functional improvement, symptom relief and
overall QoL should not undergo the procedure. In these scen-
arios, physicians should provide appropriate counsel on need for
a temporizing balloon aortic valvuloplasty or continuation of
medical therapy [51–56].

Several specific diseases or conditions portend markedly lim-
ited life expectancy and much lower likelihood of functional
benefit after SAVR or TAVR and must be considered by the Heart
Team in their assessment. Among these that will be discussed in
more detail include ESRD [12, 35, 57–61], advanced lung disease
(especially if oxygen dependent) [62–64], disability or slow ambu-
lation (6-min walk time <150 m) [54] and STS Predicted Risk of
Mortality (PROM) score >15% [8, 65].

CKD AND ESRD

Thirty-day mortality in those with moderate CKD or on renal re-
placement has been acceptable with TAVR. Nguyen and col-
leagues [61] noted a 4.4% early mortality (STS PROM of 21%) in
patients with ESRD with severe AS and a 2.9% in those with mod-
erate CKD (STS PROM 13.4%). However, 1-year mortality has
been less favourable. Commercial TAVR in patients with Stage 4
or 5 ESRD has been associated with 1-year mortality rates ap-
proaching 40–50% [57]. Similarly, Mack [66] analysed outcomes
in 528 TAVR patients in the US TVT Registry and observed a
1-year mortality rate of 46% for those on dialysis. The mortality
rate was 35% for those with a creatinine >2 mg/dl but not on pre-
operative dialysis versus 25% for patients with a creatinine
<2.0 mg/dl. In the first 2 years of the US TVT Registry (2011–
2013), Holmes and colleagues [35] observed that dialysis-
dependent TAVR patients with an STS score >_15% had a 1-year
mortality rate of 54%, a situation in which procedural denial
would have been the appropriate decision, not offering TAVR
[35]. In the UK TAVI Registry between 2007 and 2012, Ferro and
colleagues [58] observed that an estimated glomerular filtration
rate <45 ml/min/1.72 m2 significantly increased cumulative mor-
tality over a median interval of 543 days. This adverse impact
was seen in patients with CKD Stages 3, 4 and 5 and ESRD, but
the predictive power of this variable was weak [58]. Gargiulo and
colleagues [59] performed a meta-analysis including 4992 pa-
tients undergoing TAVR from 9 studies that showed that CKD
Stages 3–5 and ESRD increased 1-year mortality as well as early
complications. Finally, Kobrin and colleagues [60] examined

ED
IT

O
R

IA
L

7V.H. Thourani et al. / European Journal of Cardio-Thoracic Surgery

D
ow

nloaded from
 https://academ

ic.oup.com
/ejcts/article/52/1/1/3883905 by guest on 20 August 2022

Deleted Text: -
Deleted Text: nited States
Deleted Text: ,
Deleted Text: ,
Deleted Text: ,
Deleted Text: United Kingdom
Deleted Text:  
Deleted Text: s
Deleted Text: nited States
Deleted Text:  S
Deleted Text: P
Deleted Text: C
Deleted Text: ,
Deleted Text:  
Deleted Text:  
Deleted Text: ,
Deleted Text:  (LV)
Deleted Text: (
Deleted Text: [
Deleted Text: ]
Deleted Text: &thinsp;
Deleted Text: &thinsp;
Deleted Text: )
Deleted Text: ,
Deleted Text: ,
Deleted Text: &quot;
Deleted Text: &quot;
Deleted Text:  
Deleted Text:  
Deleted Text: ,
Deleted Text:  
Deleted Text:  
Deleted Text: -
Deleted Text: z
Deleted Text: .
Deleted Text: (
Deleted Text: [
Deleted Text: )
Deleted Text: &thinsp;
Deleted Text: &thinsp;
Deleted Text: &quot;
Deleted Text: &quot;
Deleted Text:  is
Deleted Text: ,
Deleted Text: on 
Deleted Text:  
Deleted Text: &thinsp;
Deleted Text: ,
Deleted Text: &thinsp;
Deleted Text: s
Deleted Text: &percnt; to 
Deleted Text:  and colleagues
Deleted Text: z
Deleted Text: .
Deleted Text: .
Deleted Text: &thinsp;
Deleted Text: &thinsp;
Deleted Text: .
Deleted Text: .
Deleted Text: &thinsp;
Deleted Text: r
Deleted Text: &thinsp;
Deleted Text: s
Deleted Text: ,
Deleted Text: s


37 639 US Medicare patients and identified 194 on dialysis who
underwent surgical AVR and 224 who had TAVR in 2011–2012.
The dialysis-dependent TAVR patients had a 43% mortality rate
at 1 year, compared with 23% for those not on dialysis
(P < 0.01). Using propensity score analysis, they identified 194
matched pairs of patients on dialysis undergoing AVR or TAVR;
1-year mortality was almost identical (37% for AVR vs 40% for
TAVR). These inordinately high 1-year mortality rates mandate
that the Heart Team should carefully weigh all options in these
patients and to present the patient and family with realistic ex-
pectations. Currently, there are no recommendations from ei-
ther guideline on the appropriate management of patients
with ESRD.

CHRONIC OBSTRUCTIVE PULMONARY DISEASE

COPD is a common comorbidity in patients presenting for TAVR.
Mok and colleagues [62] at Laval University in Quebec City
analysed 319 TAVR patients with respect to the combined end-
point of death and lack of functional benefit (improved NYHA
functional class); 30% (n = 94) had COPD by STS definitions. The
patients with COPD had a 1-year survival rate of only 71% com-
pared with 85% for those without COPD (P = 0.008) and also at-
tained less improvement in NYHA functional class. Of those with
COPD, a shorter 6-min walk test distance significantly predicted
greater cumulative mortality. An analysis of the US TVT Registry
of 11 656 TAVR patients by Suri and colleagues [64] showed that
moderate-to-severe COPD was present in approximately 28% of
all patients. As expected, they showed that there was a greater
1-year mortality in those with moderate (25.5%) and severe
COPD (32.3%) compared with no or mild COPD (8%). Of those
with COPD, the 1-year mortality rate was highest in those with
severe pulmonary hypertension (right ventricular systolic pres-
sure >55 mmHg) or requiring home oxygen use (36% and 35%,
respectively). For this analysis, postoperative health status and
QoL data were not available [64]. In a series of patients with pre-
and postoperative pulmonary function testing, Gilmore and col-
leagues [63] showed that after TAVR an improvement in at least
one COPD grade was evident in 64% of moderate and 50% of se-
vere COPD patients. Furthermore, in those with severe COPD
and concomitant AS, some have advocated for an initial balloon
aortic valvuloplasty to assess improvements in symptoms. If the
symptoms are ameliorated, then the TAVR is performed, but if
not, then no further interventional treatment has been recom-
mended. Currently, there are no recommendations from either
guideline on the appropriate management of patients with severe
COPD.

STS PREDICTED OPERATIVE MORTALITY SCORE

Even though the STS risk algorithm was developed with the use
of early (30-day) death after open surgical AVR as the dependent
variable, it was convenient to use this risk score for patient selec-
tion in the early controlled TAVR trials. In the PARTNER 1B trial,
despite an overall approximately 20% improvement in late sur-
vival rate compared with standard therapy, patients receiving
TAVR with an STS score over 15% did not have any appreciable
benefit in terms of all-cause mortality out to 5 years (P = 0.075)
[8]. It was only with respect to cardiovascular death at the 5-year
mark was TAVR in patients with an STS score >15% significantly

better than medical therapy (P = 0.01) [8]. Therefore, when the
STS score exceeds 15%, a careful assessment with the Heart Team
is valuable in deciding if TAVR is a futile or a viable option.

FRAILTY, COGNITION, QUALITY OF LIFE,
IMMOBILITY AND DISABILITY

Arnold and colleagues [67], using PARTNER Trial TAVR patients,
were the first to compile an analytic risk predictor based on the
KCCQ. Poor outcome was defined as death, KCCQ <45 or de-
crease in KCCQ >_10. Thirty-five percent of patients had a poor
outcome at 6 months (19% dead, 16% alive without functional
benefit) [67]. Looking at 1-year outcome after TAVR in 3
PARTNER sites where frailty was rigorously assessed, this group
used a KCCQ threshold of <60 to define poor outcome [52]. The
frail patients had a 33% mortality rate compared with 16% for
those not deemed frail (P = 0.004); poor outcome occurred in
50% of the frail subgroup versus 32% of the non-frail subgroup
(P = 0.02) [52].

When the 2011–2014 US TVT Registry cohort was analysed
using baseline and 1-year KCCQ, those who initially self-reported
very poor health status (KCCQ <25) had a 1-year mortality exceed-
ing 25% after TAVR, more than twice as high as those who felt
they had ‘good’ health status at baseline [50]. Puls and colleagues
[68] observed that frailty as assessed by the simple Katz index of
daily living activities had a major influence on TAVR outcome in a
German single-centre study. Adjusted for all other variables, pa-
tients with a Katz score <6 had a 47% mortality rate at 2 years
compared with 26% for those with a Katz index = 6, with an inter-
mediate outcome for those with a Katz index 3–5. Approximately
50% of patients with a Katz index <_2 were dead by 2 years [68].
There remains considerable research required to ascertain the dif-
ferentiation of frailty as an exclusion for those undergoing TAVR.
Although the guidelines only currently note that those patients
who have a survival less than 1 year should not be candidates for
TAVR, more guidance to physicians in this aspect is warranted.

Aside from identifying patient characteristics portending high
mortality over the first few years after TAVR, an equally important
consideration is avoiding this procedure in patients who realistically
will not gain any functional benefit or have better QoL [56].
Schoenenberger and colleagues [69] found that 21% of 106 surviving
TAVR patients at 6 months had actually suffered functional decline.
Using a multidisciplinary frailty index (cognition, mobility, nutrition,
activities of daily living), they demonstrated that this frailty index
strongly predicted functional decline, even when adjusted for STS
and EuroSCORE. Such measures should be incorporated in the
TAVR triage process along with active gerontology and palliative
care representation on the Heart Team to avoid a procedure in pa-
tients who are not going to benefit from TAVR [56].

DEPRESSED EF

The prevalence of depressed LVEF in TAVR candidates ranges be-
tween approximately 10% and 30% [70]. The association between
depressed LVEF and clinical outcomes post-TAVR is controversial.
Whereas some studies have shown an association between low
LVEF and poor outcomes [71–73], others such as the PARTNER
trial [74] failed to demonstrate such an association. Differences in
inclusion criteria and the cut-offs used for defining low LVEF may
partially explain such differences.
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Emerging evidence suggests that LVEF itself may not accurately
represent the true extent of myocardial dysfunction in the setting
of severe AS. Rather, reduced transaortic flow may be a more im-
portant prognostic factor. Thus, several studies have identified a
lower transvalvular gradient preprocedure as an important
marker of poor outcomes post-TAVR [38, 75, 76]. More recently,
a low-flow state (defined as stroke volume index <_35 ml/m2) has
been associated independently with a greater rate of mortality
after TAVR irrespective of LVEF [77, 78]. In those patients with
low LVEF and a low transvalvular gradient (i.e. LVEF <_40%, aortic
valve area <_1.0 cm2 and transvalvular gradient <40 mmHg), it re-
mains very important to assess the presence/absence of contract-
ile reserve as a means of further risk stratification [15]. This
usually requires dobutamine stress echocardiography to assess
for an augmentation in stroke volume (of >_20%), indicative of the
presence of contractile reserve [79]. Further insights into these
issues will come from the ongoing TOPAS Registry
(NCT01835028), which is evaluating clinical outcomes and prog-
nostic markers in patients with low-flow, low-gradient AS. This
Registry will include a significant proportion of patients treated
with TAVR (i.e. the TOPAS-TAVR cohort).

Pulmonary hypertension and MR are frequent features in pa-
tients with AS and low LVEF. Severe pulmonary hypertension,
particularly precapillary or combined, has been associated with a
greater mortality post-TAVR [55]. The presence of severe MR also
has been associated with a higher 30-day and 1-year mortality
post-TAVR. Although severe functional MR may partially recover
post-TAVR, organic MR, which is not uncommon in elderly pa-
tients, is unlikely to improve post-TAVR [80].

In summary, available data suggest that low LVEF cannot be
used as an isolated factor for determining poor outcomes post-
TAVR. Rather, the presence of a low-flow state, lack of contractile
reserve, severe pulmonary hypertension and severe MR are fac-
tors that should be considered in the clinical decision-making
process of TAVR candidates with low LVEF.

PATIENTS WITH FAILED SURGICAL
BIOPROSTHESIS

With the rapid adoption of TAVR to treat native AS, significant
technical experience and familiarity with these procedures has
accumulated, prompting clinicians to use transcatheter valve tech-
nology to treat patients with other forms of valvular heart disease.
An increasingly common scenario is a patient who presents with
prosthetic valve dysfunction after previous SAVR. Although initial
case reports were published nearly a decade ago [81], increasing
amounts of data are now emerging that support the use of this
technology to treat prosthetic valve dysfunction for degenerated
surgical valves, particularly when situated in the aortic position.

The largest data set of transcatheter aortic valve-in-valve re-
placement (ViV-TAVR) resides within the VIVID Registry with re-
cently published 1 year results for the CoreValve and SAPIEN
devices [82, 83]. In comparison with patients with native AS treated
with TAVR, patients undergoing ViV-TAVR have demonstrated
lower rates of PVL and are less likely to require permanent pace-
maker implantation after the procedure [84]. As the anatomy of
the surgically altered aortic root can be distorted and more rigid,
however, THV malposition and coronary obstruction occur more
frequently during ViV-TAVR procedures at rates of 15% and 3.5%,
respectively [83]. THV malpositioning often results in the need for
a second THV implant but may result in fatality in the case of

coronary obstruction. The overall survival among patients within
the VIVID Registry was 83% at 1 year. Given that only high-risk pa-
tients were enrolled, these results are quite encouraging, particu-
larly given that surviving patients reported overwhelming NYHA
Class I or II symptoms at 1-year follow-up [82].

The Registry has identified a subgroup of patients, however,
that have elevated postprocedural aortic valve gradients and
subsequent worse outcomes at 1 year. Although mildly elevated
gradients after ViV-TAVR are to be expected when compared
with traditional TAVR, nearly 30% of patients within the VIVID
Registry demonstrated mean aortic gradients >_20 mmHg. This
occurred most frequently among patients in whom a THV im-
plant was placed within a smaller surgical valve (i.e. <23 mm
labelled size).

To avoid intraprocedural complications and achieve optimal
results with ViV-TAVR, the following practical recommendations
for patient workup and procedure are suggested:

1. Perform a thorough assessment of the degenerated biopros-
thetic surgical valve:
a. Identify the mechanism of prosthetic valve dysfunction

(stenosis, regurgitation, mixed).
b. Determine the model type and size of prosthesis

implanted.
c. Understand the fluoroscopic appearance of the surgically

implanted valve.
d. Evaluate for the presence of patient prosthesis mismatch

or PVL, both contraindications to ViV-TAVR.

2. Assessment of the patient aortic root anatomy:

a. Presence of patent bypass grafts.
b. Height of coronary ostia.
c. Width of coronary sinuses and height of the sinotubular

junction.
d. Degree of aortic root calcification.

Previous echo reports may be helpful to demonstrate previous
normal prosthetic valve function. The surgical operative note
should be obtained to identify the type and size of the implanted
valve as well as any comments regarding unusual aortic root
anatomy (i.e. aberrant coronary ostia). Although CT scanning is
required to help with THV sizing and access route planning, cor-
onary anatomy, valve leaflet mobility and presence of pre-
existing PVL can often only be fully delineated by angiography
and transoesophageal echocardiography [84, 85].

In addition to the aforementioned contraindications, patients
with stented bioprosthetic valves either with bulky leaflet calcifi-
cation or with externally mounted leaflets (Mitroflow, Sorin and
Trifecta; St Jude, St Paul, MN, USA) are more prone to develop
coronary obstruction particularly in patients with low coronary
heights, narrow sinuses or with a short and calcified sinotubular
junction. Surgical valves without a clear, radiopaque fluoroscopic
footprint (i.e. stentless valves), particularly in the setting of severe
aortic insufficiency, lend themselves to anatomic misrecognition
and device malpositioning.

Given appropriate patient selection, annular size is a critical
determinant of procedural success and must be meticulously
measured incorporating manufacturer’s specifications, transoeso-
phageal echocardiography and CT-derived measurements.
Oversized valves are likely to remain underexpanded and with
elevated gradients and reduced durability, whereas undersized
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valves more prone to PVL and device malposition. Once sized
appropriately, the art of ViV-TAVR procedural planning is primar-
ily a function of choosing the specific THV prosthesis and the
identifying the optimal depth of implant within the degenerated
surgical prosthesis. For now, experience with ViV-TAVR proced-
ures has been limited primarily to CoreValve and SAPIEN devices,
but case reports with DirectFlow, Portico and Lotus valves in ViV-
TAVR procedures already have been published [86–88]. Although
early data suggest that self-expanding valves, particularly when
implanted at a shallow depth (<6 mm), may have improved
haemodynamic performance within a smaller surgical implant,
results remain variable. Moreover, newer repositionable THV
prostheses may result in a lower frequency of malpositioning and
coronary obstruction [88].

ViV-TAVR is a challenging procedure because of the significant
variability that exists in the interaction between surgical prosthe-
sis, patient anatomy and the THV implant. Given the variability
intrinsic to each ViV-TAVR procedure, procedural experience is
effectively limited at any one given centre. ViV-TAVR procedures
should continue to be followed within a dedicated registry to im-
prove education, training of implanters and awareness of out-
comes for these complex procedures.

LEAFLET IMMOBILITY

SAVR continues to evolve with a progressive increase in the
use of biomechanical prosthesis. This trend has been the result
of improved biomechanical prosthetic durability and the

ability to avoid systemic anticoagulation. Dysfunction of these
specific devices, although infrequent, can result in substantial
mortality and morbidity with need for repeat SAVR or pro-
longed anticoagulation. Recently concern has been raised
about transcatheter aortic valves. This has been termed ‘leaflet
immobility’ and been highlighted in several recent series
wherein valve leaflet abnormalities were identified within
1 year after implantation (Fig. 5) [89]. Most of the information
available has been based on results of 4-dimensional CT imag-
ing studies, although this abnormality also has been docu-
mented with TEE. It has been demonstrated with multiple
different devices, both commercially approved as well as re-
search devices.

The frequency of this abnormality has varied substantially
from 10% to 45% [89]. Much remains unknown about it, includ-
ing, among other things: (1) What is the true incidence, it is de-
vice specific, and what are the factors associated with it? (2) Is
there a clinically significant corollary associated with it? At the
present time, clinical event rates are low despite the very wide
demonstrated incidence. (3) What strategies are optimal to ei-
ther prevent the abnormality or treat it after documentation?
(4) What are the optimal strategies for detection (e.g. 4
dimensional CT and transthoracic echocardiography, TTE) as
well as the need for routine screening and the timing of that
screening?

The outcome of scientific data on these issues has important
implications for the continued growth of the field. Current trials
with a variety of devices and various anticoagulation strategies
have been planned to address these multiple issues.

Figure 5: Leaflet thrombosis demonstrated by transoesophageal echocardiography and 4D CT in patients with CoreValve, Medtronic (A–C), SAPIEN XT, Edwards
Lifesciences (D–F), Portico, St Jude, (G–I) and Carpentier Edwards PERIMOUNT, Edwards Lifesciences (J–L) prostheses (with permission from Makkar and
colleagues [89]).
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FINAL THOUGHTS

Management of patients with severe AS has undergone a pro-
found change over the last decade due to the introduction of
TAVR as disruptive technology. In addition, TAVR continues to
undergo rapid evolution with regard to device technology, out-
comes and patient selection at a pace that has not been observed
previously in the field of valvular heart disease. Several important
studies have been published recently that will have effects on the
next iteration of valvular disease guidelines. Indeed, the introduc-
tion of transcatheter therapy to the management of patients with
structural heart valve disease may require more frequent updates
of these guideline documents.

Initial marked differences in transatlantic clinical practice pat-
terns for TAVR have become much less pronounced in the last
couple of years. Increased use of TAVR and a shift towards non-
high-risk patients has been observed recently in the USA after
several years of such practice in European centres. Continued
transatlantic communication and cooperation remains vital to
further advancement in this field. Indeed, several global trials and
registries already have been instigated and should be further
encouraged to better define short- and long-term TAVR out-
comes, risk stratification and possible new areas of research.

One of the largest contributions of TAVR to the field of aortic
valve disease is the introduction of the concept of the Heart
Team, which has now been successfully applied to other areas of
cardiovascular disease. Extensive cooperation between cardi-
ology and cardiac surgery has contributed to improved out-
comes for patients undergoing TAVR and the introduction of
large-scale randomized trials for patients with AS, to name but a
few benefits. Continued close cooperation between these and
other specialties is recommended for continued development
and assessment of the rapidly changing area of TAVR.
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et al. Impact of frailty on short- and long-term morbidity and mortality
after transcatheter aortic valve implantation: risk assessment by Katz
Index of activities of daily living. EuroIntervention 2014;10:609–19.

[69] Schoenenberger AW, Stortecky S, Neumann S, Moser A, Jüni P, Carrel T
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