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Abstract: The standard treatment for symptomatic severe aortic valve stenosis is surgical aortic
valve replacement. Over the last decade, transcatheter aortic valve replacement has emerged
as an option for patients judged inoperable. It might also constitute an alternative for high-risk
patients, even though which patients might benefit from this approach is still being discussed and
remains controversial. Transcatheter heart valve replacement is a rapidly spreading technology.
However, a number of problems still need to be addressed, such as paravalvular regurgitation,
stroke rate, and postoperative conduction disturbances. Further, the durability of transcatheter
heart valves remains unclear. Randomized clinical trials and long-term follow-up will help
define the role of transcatheter heart valve replacement in aortic stenosis therapy.
Keywords: TAVI, aortic valve replacement, transcatheter surgery

Aortic valve stenosis is the most common type of valvular heart disease.1 Its prevalence
is known to increase with age; from 1.3% among the population aged 65–75 to 4% in
people aged over 85 years.2 Although patients with severe aortic valve stenosis can
remain asymptomatic for a long period, 5-year survival is only 15%–50% once the
first symptoms have occurred.3 Surgical aortic valve replacement (SAVR) is indicated
in symptomatic patients, as well as in some subgroups of patients who are still
asymptomatic – for example, patients with reduced left-ventricular ejection fraction
(LVEF) not due to another cause.3
In Europe, overall operative mortality for isolated aortic valve replacement (AVR)
is 3%, with strong age dependence: while mortality is 1.2% in patients younger than
56 years old, mortality reaches 6.1% in octogenarians.4 According to a contemporary
European survey,1 54.3% of patients undergoing surgery for aortic stenosis are aged
over 70 years. Accordingly, surgery is declined to at least one-third of patients, mostly
due to comorbidities and increased age.1
For a long time, medical therapy and balloon valvuloplasty were the only treatment
options for patients deemed unsuitable for surgery.5 Over the last decade, transcatheter
aortic valve replacement (TAVR) has emerged as a new option for inoperable and
high-risk patients. In TAVR, a bioprosthetic valve within a stent is inserted into the
aortic annulus, either retrogradely, via a femoral, subclavian, or direct aortic approach,
or antegradely, via the left-ventricular apex.6 TAVR has been embedded in most
international treatment guidelines during the last few years.3,7 While long-term results
have yet to be reported, future clinical trials are aiming to expand the indication for
TAVR to an intermediate-risk patient group.
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Current evidence on TAVR
The most experience with TAVR exists with two valve
systems: the SAPIEN valve system along with its successor
SAPIEN XT (both Edwards Lifescience, Irvine, CA, USA)
and the CoreValve® System (Medtronic, Minneapolis, MN,
USA).7 The SAPIEN valve is a balloon-expandable valve
that can be introduced both transapically and transarterially,
at which a fully percutaneous insertion is possible. The
CoreValve is a self-expanding valve that is only available
for a transarterial approach, which can be performed fully
percutaneously as well.7
Most published studies on TAVR results are based on
national registries or on post-marketing surveillance registries.
The major drawback of this data is that patient inclusion in
registries is often voluntary and that data is self-reported.
Further, inclusion criteria and endpoint definitions vary, thus
rendering comparisons is difficult. However, registries allow
the inclusion of large patient samples and observation of
patient outcomes in a real-world setting.7,8 Major registries
and important outcome data are summarized in Table 1. The
French Aortic National CoreValve and Edwards (FRANCE) 2
registry is currently the largest published registry and includes
3195 patients. It comprises all patients who had a TAVR in
France between January 2010 and October 2011.9 Similar
to the French registry, the UK Transcatheter Aortic Valve
Implantation registry (UK TAVI) is a mandatory registry
including all consecutive patients undergoing TAVR within

the UK. A further advantage of this registry is that mortality
follow-up has been confirmed by cross-checking the data with
an independent national institution.10 Though the registry
data are hard to compare due to varying inclusion criteria,
procedural data, and endpoint definitions, some general
observations can be made. Essential outcome data are similar
in the major TAVR registries: mean age is slightly above 80
years, with an average logistic European System for Cardiac
Operative Risk Evaluation (EuroSCORE)11 of between 18.5
and 29.1. Procedural success is between 91.7% and 98.7%,
and is probably dependent on definition and learning curve.
Some 7.1%–12.4% of patients die within 30 days of their
TAVR, while 1-year mortality is 18.9%–27.9%.9,10,12–14
The CoreValve Italian registry is one of the few registries
that published follow-up data for up to 3 years. According to
this registry, 3-year survival was 65.2% of patients implanted
between June 2007 and August 2008. Echocardiographic
follow-up showed no signs of increasing valve deterioration at
3-years of follow-up.12 Although the mortality rates reported
are high, they are explicable due to old age and associated
comorbidities of the patient population: the yearly mortality
of an octogenarian in Europe is 9.1%.15,16 Most registries
report that causes of death during follow-up are mainly noncardiovascular.12,15
Registry data9,10,12–14 on procedural complications vary,
which could be explained due to different definitions
of adverse events; for instance, “stroke” might include

Table 1 Major registry data
UK TAVI
registry

German TAVI
registry

FRANCE 2
registry

CoreValve
Italian registry

I-TA

SOURCE
registry

Moat et al10

Zahn et al13

Gilard et al9

Ussia et al12

Thomas et al14

Valve type

SAPIEN valve
Transfemoral,
69.0
870
18.5

CoreValve
SAPIEN valve
Transfemoral,
74.6
3195
21.9 ± 14.3
82.7 ± 7.2
96.9

CoreValve

Approach, %

CoreValve
SAPIEN valve
Transfemoral,
92.4
697
20.5 ± 13.2
81.4 ± 6.3
98.7

D’Onofrio
et al126
SAPIEN valve

Transfemoral,
95.0
181
24.0 ± 13.5
80.9 ± 6.1
91.7

Transapical,
100
504
26.3

Transfemoral,
44.6
463
25.8
81.7%

Transapical,
55.4
575
29.1
80.7%

7.1
4.1
6.3

12.4
2.8

9.7
3.4
4.7

11.2
2.8
3.3

8.3
3.0

13.6

17.5

18.5

15.2

16.3
21.4

39.3
20.2

15.6
24.0

12.1
23.6

18.9

27.9

Patients, N
Log EuroSCORE, %
Mean age, years
Procedural success, %
30-day results, %
Mortality
Stroke
 Major vascular
complication
 Moderate/Severe
regurgitation
Pacemaker
1-year mortality, %

81.9 ± 7.1
97.3

SOURCE
registry

SAPIEN valve

99.0

5.4
18.8

Abbreviations: EuroSCORE, European System for Cardiac Operative Risk Evaluation; FRANCE, French Aortic National CoreValve and Edwards; I-TA, Italian Registry of
Trans-Apical Aortic Valve Implantation; SOURCE, SAPIEN Aortic Bioprosthesis European Outcome; TAVI, transcatheter aortic valve implantation.
Note: SAPIEN valve (Edwards Lifescience, Irvine, CA, USA); CoreValve (Medtronic, Minneapolis, MN, USA).
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only patients with permanent neurologic damage or
both permanent and transient events. Stroke occurred in
2.8%–4.1%, myocardial infarction in 0.3%–5.1%, and major
vascular complications in 3.3%–6.3% of all cases. Bleeding
complications are the most frequently associated adverse
event (10.7%–12.1%). Further, 13.6%–18.5% of patients
were reported to have at least moderate aortic or paravalvular
regurgitation on follow-up.9,10,12–14
Registries provide valuable information on patient
outcome in daily clinical practice. However, randomized
controlled trials are indispensable for obtaining evidence
regarding the question of who will benefit from TAVR.
The PARTNER (Placement of Aortic Transcatheter Valves)
Trial17 is the first randomized controlled multicenter trial
on TAVR for symptomatic severe aortic stenosis that has
been completed. A total of 1057 patients were enrolled
in two trial arms: PARTNER A randomized “high-risk”
patients to SAVR or TAVR via a transfemoral or transapical
approach using the Edwards SAPIEN Valve. PARTNER B
randomized patients deemed “inoperable” to transfemoral
TAVR or standard therapy.17 The trial was sponsored by
Edwards Lifescience and conducted under US Food and
Drug Administration (FDA) surveillance at 25 centers in the
USA, Canada, and Germany. Patients that were ineligible
for TAVR due to anatomical criteria and patients presenting
with very high-risk comorbidities such as reduced ejection
fraction, recent stroke, or severe renal insufficiency were
excluded from the trial. Obviously, treatment allocation
could not be blinded. Most trial centers did not have prior
experience with TAVR, but were trained in a program before
the trial. The primary endpoint was all-cause mortality;
secondary endpoints included a composite endpoint of major
cardiovascular and cerebrovascular events, length of hospital
stay, functional status, and quality-of-life assessment. 18
High-risk patients (n = 699) in PARTNER A were required
to have a Society of Thoracic Surgeons (STS) score of at
least 10% and a surgeons’ assessment of risk of death by
30 days of above 15%. Patients were divided into a group
with possible transfemoral access and transapical access
before being randomized to either SAVR or TAVR. PARTNER
A was designed to assess non-inferiority of TAVR versus
SAVR for all TAVR and femoral TAVR alone.17 Baseline
characteristics were similar between patients who had
SAVR and TAVR. However, the group of patients receiving
transapical TAVR had more previous coronary artery bypass
grafting or coronary interventions, peripheral or carotid
artery disease, cerebrovascular disease, and porcelain aortas.17
For TAVR, procedural success was 90.5%. Mortality at
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30 days post-procedure revealed no significant difference
between TAVR (3.4%) and SAVR (6.5%, P = 0.07), with
similar results for the subgroups receiving transfemoral
and transapical TAVR. Likewise, there was no significant
difference in 1-year mortality between TAVR and SAVR,
which had a mortality of 24.2% and 26.8%, respectively,
thus meeting non-inferiority for TAVR versus SAVR in this
patient population.17 At 2 years post-procedure, mortality was
33% in the TAVR group and 35.0% in the SAVR group, still
showing no significant difference.19 Neurologic events were
more frequent with TAVR at follow-up at 30-days as well
as at 2-years.20 Bleeding complications were less frequent
with TAVR than in the surgery group, whereas vascular
complications and paravalvular regurgitation occurred more
often after TAVR.17 During follow-up, regurgitation remained
unchanged or improved in the majority of patients. However,
the presence of aortic or paravalvular regurgitation to any
degree was associated with increased late mortality.19 Both
SAVR and TAVR resulted in hemodynamic improvements,
reduced mean gradients, and increased aortic valve areas that
remained stable during 2 years of follow-up.19
PARTNER B (n = 358) included patients who were
judged by two surgeons to be inoperable based on a risk of
death and irreversible morbidity above 50%. Patients were
randomized to either transfemoral TAVR or standard therapy,
which included balloon valvuloplasty in 83.7% of patients.
Baseline characteristics in both treatment arms were similar.
This study arm was designed to assess the superiority of
TAVR versus standard treatment.17,21 After 30 days, mortality
of patients undergoing TAVR was 5.0% versus 2.8% with
standard therapy (P = 0.06). At follow-up at 1 year and at
2 years, mortality was significantly lower in patients who
underwent TAVR rather than standard therapy (30.7% versus
[vs] 50.7% at 1 year, respectively, 43.3% vs 68.0% at 2 years,
respectively). TAVR was also superior to medical treatment
in terms of repeat re-hospitalization and functional status
as assessed by the New York Heart Association (NYHA)
classif ication. 21 Interestingly, there was a significant
association between STS score and mortality after TAVR. In
patients with high STS scores, the survival benefit of TAVR
was reduced: Makkar et al21 reported that in patients with
an STS score above 15%, the survival benefit was no longer
significant. They concluded that in patients with exceedingly
severe comorbidities, TAVR might be futile.21 Further,
similar to in PARTNER A, neurologic events occurred more
frequently after TAVR.17,21 Hemodynamic performance of the
valve remained stable during 2 years of follow-up. Moderate
to severe central or paravalvular regurgitation was detected
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in 14.7% of patients at 1 year and improved or did not
change during follow-up in most cases.17,21 Considering both
paravalvular and central aortic regurgitation, the degree of
total aortic regurgitation was similar in patients with TAVR
versus standard therapy.21 Consistent with the results of
PARTNER A, moderate or severe paravalvular regurgitation
was associated with a trend toward higher mortality.21
When interpreting the results of the PARTNER Trial,
several confounders and sources of bias have to be taken into
consideration. Due to the nature of procedures compared,
the trial had to be open label. Further, inclusion was partly
based on the treating teams’ judgment and the assignment
“high-risk” versus “inoperable” was not based on objective
criteria. There were also some differences in the baseline
characteristics of the treatment arms, and considerable
imbalance in the percentage of patients who died or withdrew
before the procedure. In the SAVR group, patients with
concomitant procedures such as coronary artery bypass
graft and mitral valve repair were included, even though the
risk of a combination procedure is known to be higher than
with isolated SAVR. Besides this, there was a standardized
antithrombotic regimen after TAVR, but no standard therapy
after SAVR. Finally, as previously mentioned, Edwards
Lifescience sponsored the trial, and the majority of treatment
centers had potential financial conflicts of interest.22
Compared to other non-randomized trials on TAVR,
the results of PARTNER both for SAVR and TAVR showed
lower mortality and reduced rates of adverse events.
This is probably due to the exclusion of several high-risk
patient subgroups (eg, recent stroke, severe left-ventricular
dysfunction, kidney failure). Thus, the results of PARTNER
cannot be generalized to the patient population presenting
for AVR in daily clinical practice. Nevertheless, PARTNER
is a landmark trial in that it constitutes the first randomized
controlled trial comparing TAVR with SAVR and medical
therapy, respectively. Summarized, PARTNER A showed
that results of a TAVR are comparable to the results of
an SAVR in high-risk patients with regard to mortality at
2 years’ follow-up. The risk of neurologic events seems to be
higher with TAVR, especially within the first weeks after the
procedure. Paravalvular regurgitation is more common after
TAVR and is associated with increased mortality. PARTNER
B indicated a mortality reduction with TAVR versus
standard therapy in patients judged inoperable. Further,
TAVR increased functional status and reduced frequency of
re-hospitalizations. Similar to the results of PARTNER A, the
risk of neurologic events was higher with TAVR. However,
even though the survival benefit of a TAVR was significant
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in PARTNER, one-third of the patients who had a TAVR died
within 1 year. This is probably because there is a group of
patients with very severe comorbidities for whom a TAVR
is no longer beneficial.17,21
Another randomized controlled trial comparing TAVR with
SAVR was the STACCATO (Surgical Aortic Valve Replacement
in Operable Elderly Patients with Aortic Stenosis) trial,
which aimed for the expansion of the indication for TAVR to
intermediate-risk patients. All TAVRs were performed via the
transapical route. However, the trial had to be terminated after the
inclusion of 70 patients because of an excess of adverse events in
the TAVR group. This result could have been due to a statistical
coincidence or insufficient preoperative imaging; nevertheless,
the results of this study should be taken into account before
prematurely suggesting TAVR to lower-risk patients.8,23
Long-term follow-up and further randomized controlled
trials are needed to provide further evidence on the role
of TAVR in the treatment of aortic stenosis. PARTNER
II will compare the performance of the new Edwards
Lifescience SAPIEN XT with its predecessor, the SAPIEN
valve. In analogy to the PARTNER Trial, the CoreValve
US Pivotal Trial is currently randomizing patients to TAVR
with Medtronic CoreValve or SAVR. Further, to assess the
role of TAVR in lower-risk groups, the SURTAVI (Safety
and Efficacy Study of the Medtronic CoreValve® System
in the Treatment of Severe, Symptomatic Aortic Stenosis
in Intermediate Risk Subjects who Need Aortic Valve
Replacement) trial will randomize intermediate-risk patients
to TAVR with CoreValve and SAVR.24,25

Patient selection for TAVR
In 2012, TAVR was integrated into the European Society
of Cardiology (ESC)/European Association for CardioThoracic Surgery (EACTS) guidelines on the management
of valvular heart disease.3 The guidelines recommend TAVR
in patients with severe symptomatic aortic stenosis who are
considered unsuitable for surgery, as well as in high-risk
patients who might still be surgical candidates.3 TAVR is
not recommended in patients with a life expectancy of less
than 1 year, or an unlikely improvement in quality of life as
a result of undergoing a TAVR.3 These recommendations
are primarily based on the results of the PARTNER Trial.
As already mentioned, Makkar et al21 reported that, in
PARTNER B, a subgroup of patients with an STS score
over 15% did not benefit from TAVR. Further, TAVR is not
recommended if the patient has associated disease of other
valves that makes a major contribution to symptoms and
which is only treatable by surgery.3
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However, the selection of an adequate target population
for TAVR remains difficult. Both logistic EuroSCORE and
STS score26 have been proposed to identify patients who
might benefit from TAVR, with a suggested cut-off point
at a logistic EuroSCORE of 20% or an STS score of over
10%. However, the logistic EuroSCORE is known to highly
overestimate mortality in isolated SAVR as well as in TAVR.
STS score and EuroSCORE II seem to be more accurate
predictors of mortality but are still insufficient to adequately
identify patients for TAVR.27–33
A particular disadvantage of all these scoring systems is that
conditions such as porcelain aorta, liver cirrhosis, pulmonary
hypertension, severe chronic obstructive pulmonary disease,
patent coronary bypass grafts, chest radiation, and frailty
are not fully taken into consideration.3,17,33 While a specific
scoring system for TAVR is awaited, an individualized clinical
decision by the treating team of cardiologists and cardiac
surgeons is recommended.3,27,29,30,33
A number of independent risk factors associated with poor
outcome after TAVR has been identified. In the PARTNER
Trial, low body mass index, prior stroke, low mean gradient,
creatinine level at baseline, prior vascular surgery or stent,
and chronic obstructive pulmonary disease requiring oxygen
were shown to be predictors of mortality.17,19,21 Additional
risk factors are left-ventricular dysfunction, coronary artery
disease, diabetes, prior balloon valvuloplasty, prior acute
pulmonary edema, and tricuspid regurgitation, whereas the
impact of mitral regurgitation is still unclear.10,34–36
Apart from clinical factors, there are a number of anatomical
contraindications for TAVR that have been summarized in the
ESC/EACTS guidelines that will be discussed in detail further
on in this article. They include an annulus size smaller than
18 mm or larger than 29 mm, endocarditis or left-ventricular
thrombus, high risk of coronary ostium obstruction, plaques
with thrombi in the aortic arch, and inadequate vascular
or transapical access.3 Bicuspid or noncalcified valves,
hemodynamic instability, a LVEF below 20%, and untreated
coronary artery disease are considered relative contraindications
by the ESC/EACTS consensus guidelines.3
The encouraging results of the first trials of TAVR have
resulted in a trend toward the selection of lower-risk patients
for TAVR. The FRANCE 2 registry reported significant
reduction of the EuroSCORE of patients included between
2010 and 2011, and the proportion of patients declining
SAVR in favor of TAVR has markedly increased.9
Even though non-inferiority has been shown for TAVR
in high-risk patients,19 and although small case series have
reported favorable valve durability of up to 5 years,37 we still

Research Reports in Clinical Cardiology 2013:4

Transcatheter aortic valve replacement

know little about the long-term outcome of a TAVR. Along
with a number of issues such as stroke rate and paravalvular
leakage associated with TAVR, these facts should be kept
in mind before suggesting TAVR to low-risk patients who
might be candidates for SAVR.

Imaging assessment
Preoperative imaging assessment is crucial to assess access
routes, aortic root anatomy, prosthesis size, and optimal
fluoroscopic projection planes.38,39
As vascular injury is one of the most frequent complications
of TAVR, occurring in approximately 10% of patients,40 a
thorough imaging of the arterial vasculature is essential before
choosing the most suitable access route.30 A basic assessment
can be done by conventional angiography – for example, at
the time of coronary angiography. However, more detailed
information on luminal diameter, atherosclerosis, and
vessel tortuosity can be gained by multidetector computed
tomography (MDCT).39,41 MDCT allows measuring luminal
diameter at an exactly orthogonal plane to the vessel by using
multiplanar reconstructions.38
The high risk of vascular injury in TAVR via a peripheral
access is due to the large introducer sheaths, though a
substantial reduction in sheath diameter has been achieved
over the last few years. The CoreValve Revalving System
is inserted via an 18 French sheath, while the SAPIEN
XT Valve Delivery System ranges from 16 to 20 French,
depending on the size of the valve. Expectedly, the higher the
atherosclerotic burden and the degree of tortuosity, the higher
the risk of vascular injury.38 Hayashida et al42 reported that
the ratio of sheath diameter to luminal diameter of the artery
should be lower than 1.05 to minimize the risk of arterial
damage. In heavily calcified arteries, the maximum ratio
should be 1.00, whereas noncalcified, flexible vessels allow a
ratio of 1.10. Additional predictors of vascular complications
are concentric calcifications and calcifications surrounding
more than 180° of the vessel circumference.38,39,41,42
Similarly, the lower the atherosclerotic burden, the
higher the accepted vessel tortuosity. A flexible vessel will
stretch during advancement of the sheath, even with kinking
angles over 90°.38,43 Further useful findings on MDCT can be
calcifications of the aortic arch, aortic thrombi, dissections,
stents, and coronary or vascular bypass grafts. If a transapical
access is planned, the orientation of the left-ventricular apex
and outflow tract as well as the presence of left-ventricular
thrombi can be shown on MDCT.38
The most important preoperative investigation to
determine feasibility of TAVR and to ensure procedural
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success is assessment of the aortic root. In most centers,
multimodality imaging using echocardiography, angiography,
and electrocardiography-gated MDCT is used to evaluate the
anatomy of the aortic root. The essential information that
needs to be obtained is the diameter and calcification of the
aortic annulus; the projection plane of the aortic annulus;
the cuspidity, length, and calcification of the aortic leaflets;
location of the coronary ostia; and the dimensions and extent
of calcification of sinuses of Valsalva, sinutubular junction,
and ascending aorta.38,39
The size of the annulus is necessary to determine the optimal
size of the prosthesis, which is usually chosen slightly larger
than the measured annular diameter to ensure stable positioning
of the valve.7,33 The SAPIEN valve comes in diameters of 23,
26, and 29 mm and is recommended for annular diameters
of 18–27 mm, while the CoreValve Revalving System is
somewhat larger and comes in diameters of 26, 29, and 31 mm
for annular diameters of 20–29 mm. If the prosthesis chosen is
too small, the valve can dislodge from its designated position,
and paravalvular regurgitation is more likely. If the valve is too
large, annular rupture can occur, or incomplete expansion of
the valve might cause aortic regurgitation.7,38
The “annulus” is defined as the ring built by the lowest
hinge points of the three valvular leaflets. It can be measured
by transthoracic or transesophageal echocardiography (TEE),
angiography, or MDCT, which often result in different
measurements due to the elliptical shape of the annulus.
Additionally, the exact plane of the annulus has to be determined
to prevent transverse measurement. Echocardiography usually
underestimates the annular diameter in comparison to MDCT.
Ideally, measurements should be taken in systole. Since
there is no evidence yet which imaging modality should be
preferred, most surgeons or interventionists use both MDCT
and echocardiography to obtain an optimal appreciation of
the aortic root anatomy.38,39
To minimize the risk of coronary artery obstruction
by dislodging debris during balloon or valve expansion,
the distance of the coronary ostia to the annulus should
be assessed preoperatively. Though no definite minimum
distance has been established, a minimal distance of
10–14 mm has been suggested for the SAPIEN valve. Short
and shallow sinuses of Valsalva as well as heavily calcified
and elongated cusps probably further increase the risk of
coronary obstruction. For CoreValve implantation, the
manufacturer suggests a minimum height of the sinuses of
Valsalva of 15 mm, a diameter of the sinuses of more than
27–29 mm, and an ascending aortic diameter of less than
40–43 mm depending on the size of the valve.38,44
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John et al have shown that the overall calcific burden of
the aortic root correlates with post-procedural paravalvular
regurgitation45 and this has also been suggested to influence
the risk of valve dislodgement, annular rupture, and embolic
stroke.38,44
Finally, MDCT can be used to detect the optimal
projection plane for the procedure to show the aortic annulus
in an orthogonal view, usually with the right cusp in a central
position and the left and non-coronary cusps to the sides.38

Access routes
TAVR is possible retrogradely via a transfemoral,
transaxillary, direct aortic, or even transcarotid approach,
or via an anterograde approach through the left-ventricular
apex. In most centers, the femoral arteries are the preferred
access route. Only if a femoral approach is not feasible are
other alternative access routes considered.46
Femoral access is very attractive, as it allows a fully
percutaneous procedure; although in some cases, a femoral
cut down may be required. Smaller introducer sheaths and
percutaneous vascular closure devices have significantly
facilitated the percutaneous approach over the past few
years, and several new closure devices are currently under
clinical evaluation.47 However, one of the most important
disadvantages of the transfemoral access route is the risk
of vascular injury, especially if a large valve is needed
or if the patient’s vasculature is unfavorable. Therefore,
preoperative imaging is crucial to determine the feasibility of
a transfemoral approach. Further, a transfemoral transcatheter
valve is more difficult to position than a valve inserted via a
more direct approach.38,39,41,42,46,48 Some studies have reported
a higher incidence of neurologic events with the transfemoral
route, which is probably because the sheath has to pass
through the curved aortic arch, but others could not support
these findings.40,49,50
Introducing the valve through the left-ventricular apex is
performed via a left anterior thoracotomy through the fifth
or sixth intercostal space. After opening the pericardium,
purse string sutures are placed around the apex and the
sheath of the valve is inserted. Rapid pacing is needed for
valve positioning and for closure of the apex, and it has to
be kept in mind that cardiac output might be compromised
during sheath introduction.25
Of the two most commonly used valves, only the SAPIEN
can be inserted transapically.48,51 The transapical approach is
feasible in the majority of patients, with exception of a few
in whom a left-ventricular aneurysm or adhesions might
prohibit this access route.46,48 Avoiding a peripheral access
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is a major advantage for the large group of patients with
peripheral vascular disease. Additionally, the insertion point
is close and in a straight line to the aortic valve, rendering
valve positioning easier and more precise.46 The possibility
of a reduced stroke rate is under discussion.40,44
Since a thoracotomy is required, the transapical
approach constitutes an invasive surgical procedure,
resulting in increased postoperative pain and a higher risk
of respiratory complications.46 Therefore, the transapical
access route might be less ideal for patients with severe
pulmonary comorbidities. 48 Bleeding and tamponade,
myocardial injury, ventricular aneurysm formation, and
damage to the mitral valve are rare but possible risks that
must be considered. Barbash et al52 assessed the degree of
apical ventricular dysfunction after transapical TAVR and
concluded that 30% of patients showed apical dysfunction
that was associated with a nonsignificant trend toward a
reduced ejection fraction. The dysfunction was transient in
50% of cases and did not affect mortality.52
To ease the procedure, a number of apical access and
closure devices have been developed, some of which are
currently undergoing clinical evaluation.47
Most studies comparing the transfemoral and transapical
approach did not show a significant difference regarding
mortality.48,49,53,54 When reviewing data on the comparison of
these two access routes, it must be noted that most centers
have a “femoral-first” approach. Subsequently, the patient
subgroups undergoing transfemoral and transapical TAVR
usually show significant differences with regard to their
baseline characteristics. As an example, in PARTNER A,
patients having transapical TAVR had significantly more
coronary artery disease, cerebrovascular disease, peripheral
artery disease, and porcelain aortas.17
Bleiziffer et al49 reported their experience with 203 patients
undergoing TAVR and did not show a significant influence
of the choice of access route on survival. The procedure
was faster using the femoral access route, but longer
fluoroscopy and larger volume of contrast agent were
required. There was no significant difference concerning
intra-procedural hemodynamic status, postoperative renal
insufficiency, or improvement of functional status. Although
the type of access site complications were different (eg,
vessel rupture or hematoma for femoral access, bleeding or
tamponade for transapical access), they occurred with a
similar frequency, and were fatal in a similar percentage of
patients. A significant difference was shown concerning the
incidence of periprocedural stroke, which occurred in 5%
of transfemoral cases and none of the transapical patients.
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Eggebrecht et al reported similar findings.50 In contrast,
a recent meta-analysis did not confirm a reduced incidence
of neurologic events with the transapical access.40 Thus,
a benefit of the transapical approach concerning the stroke
rate remains unclear.
While most studies suggest that the choice of access route
itself does not have a significant impact on mortality,42,48,49,53
both procedures have specific advantages and risks. More
precise decisive algorithms need to be defined to individually
choose the ideal access route for each patient.
Although the transfemoral and transapical are the most
commonly used approaches, a number of alternative access
routes have been proposed over the last few years.46 The direct
aortic approach can be performed via an upper partial hemisternotomy or a right anterior mini-thoracotomy. An anterior
thoracotomy is advantageous if patent coronary artery bypass
grafts have to be avoided, whereas a sternotomy avoids opening
the pleural space.51 The direct approach has been successfully
employed and described by several groups using both the
CoreValve and the SAPIEN valve.55–57 Depending on the
type of valve, a specific distance between the aortic valve and
the insertion point in the ascending aorta is required.51 Since
cardiac surgeons are used to handling the ascending aorta for
cannulation and access, they usually feel very comfortable with
this approach. Compared with the transfemoral access route,
valve positioning is easier due to the shorter distance, and
myocardial injury is avoided.46 Nevertheless, the transaortic
access route requires an invasive surgical procedure.
Bapat et al55 showed that even a porcelain aorta is not
necessarily a contraindication to transaortic TAVR as long
as a small calcification-free segment can be identified.55,56
An increased risk of stroke has been discussed but has not
been confirmed yet.56 If the ascending aorta is not accessible,
the brachiocephalic artery has been proposed as a possible
alternative.58
Another alternative access route is the subclavian or
axillary artery. It is usually accessed by surgical cut down,
although the feasibility of a percutaneous access route has
been shown.6 In comparison to the femoral access approach,
the device is easier to position with the subclavian approach
due to the proximity of the access site to the aortic valve. Using
the right subclavian artery has been reported to be difficult if
the aortic annulus is more than 30° off to the horizontal plane,
and preoperative imaging should be used to assess tortuosity
and calcifications of the vessel.51,59 A further limitation is the
presence of a patent internal mammarian bypass graft, which
might be occluded or dissect during the procedure.51,59 Several
case series have been published on this access route.59 For
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example, Petronio et al published a case series comparing
the subclavian and femoral access routes and reported similar
outcomes with regard to mortality and morbidity, with no
specific complications related to the former route.60
Other alternative access routes that have been described
include a carotid access61 as well as a surgical cut down to
the common iliac arteries.62
Since randomized controlled trials comparing access
routes are still awaited, larger clinical trials are necessary to
specify the role of the different approaches for TAVR.

Types of transcatheter heart valves
The SAPIEN valve and its successor, the SAPIEN XT, are
bovine pericardial valves with a cobalt chromium frame that
are balloon expandable and can be used both for anterograde
and retrograde access routes. Apart from the aortic position,
they can be used for pulmonary valve replacement and for
valve-in-valve procedures for all four heart valves.6,7,38
The CoreValve Revalving System consists of porcine
pericardial leaflets in a self-expandable nitinol frame. It can
only be introduced retrogradely. Its larger frame expands into
the left-ventricular outflow tract and the ascending aorta to
ensure stable positioning of the valve. Rapid pacing is not
necessary for the deployment of the CoreValve System, and
the valve can, with limitation, be repositioned after partial
deployment. Its annular diameters are somewhat larger than
those of the SAPIEN valve, while its introducer sheath is
smaller than the sheath of the SAPIEN XT, depending on
the size of the valve.6,7,38
As yet, there are no randomized controlled trials
comparing the outcome of TAVR using the SAPIEN valve and
CoreValve, but, at the time of writing, data from registries and
retrospective matched comparisons do not indicate that valve
design has a significant impact on survival and most major
postoperative complications.9,10,63 There is clear evidence that
the risk of heart block that requires a permanent pacemaker
is higher after CoreValve implantation, which might be due
to the extended frame expanding into the left-ventricular
outflow tract.1,10,63–66 Several studies have further suggested
that paravalvular and central regurgitation might be more
common after CoreValve implantation,9,10,63 while others have
been unable to demonstrate significant differences.64
Some studies support that the SAPIEN valve might be
associated with higher gradients and lower orifice areas, and
that this valve might carry a higher risk of coronary artery
obstruction.6,63 However, as randomized controlled trials
comparing devices for TAVR are pending, no evidence-based
recommendation for one of the devices can be given.
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Several new transcatheter heart valves have been developed
over the last few years (Table 2). Some have recently obtained
CE-mark approval, while others are still in early clinical
evaluation.6,47 Most of them are repositionable and retrievable.
Further features include anatomical alignment and increased
annular sealing to reduce paravalvular regurgitation. Some
can be deployed without rapid pacing.47,67–74
Clinical data on second-generation transcatheter heart
valves are still limited. Long-term data and comparative
studies are awaited to determine which new development will
have a relevant positive impact on clinical outcome.

Periprocedural management
and procedural performance
The 2012 American College of Cardiology Foundation/
American Association for Thoracic Surgery/Society for
Cardiac Angiography and Interventions/STS expert consensus
document on TAVR provides general recommendations on the
performance of TAVR.7 In most centers, the TAVR procedure
is performed by a team that includes an interventional
cardiologist, a cardiothoracic surgeon, and their teams.
Further important members of the team are a cardiac
anesthesiologist and a perfusionist in case cardiopulmonary
bypass (CPB) is necessary. Ideally, the procedure should
take place in a hybrid operating room. The location should
provide adequate fluoroscopic imaging and full interventional
cardiology equipment as well as surgical equipment including
that for CPB.7
Typically, the procedure is performed under general
anesthesia, even though local anesthesia with conscious
sedation for transfemoral TAVR has been described. 75
Anesthetic management should include TEE. A transvenous
pacemaker or an epimyocardial pacing wire should be
placed for rapid ventricular pacing if required or to permit
ventricular pacing in case of post-procedural heart block.
During the procedure, heparin should be administered to
maintain an activated clotting time of 250–300 seconds, which
can be reversed by protamine at the end of the procedure.
Attention should be paid to volume depletion in those elderly
patients with typically severely hypertrophied ventricles.
Both prolonged hypotension – for example, due to repeated
episodes of rapid ventricular pacing – and tachycardia should
be avoided. If rapid ventricular pacing is required during valve
deployment, it is advisable to test the patient’s response to
rapid pacing before the procedure, especially in patients with
reduced ventricular ejection fraction.7,44,48
At the beginning of the procedure, guide wires for
possible CPB cannulation are inserted in the femoral
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Valve

Transapical Transfemoral Repositionable Anatomical Increased No rapid Other
alignment
annular
pacing
sealing

JenaValve47
X
(JenaValve Technology, Munich, Germany)
AcurateTM Aortic Valve67
X
(Symetis, Ecublens, Switzerland)
EngagerTM Aortic Valve Bioprosthesis72
(Medtronic, Minneapolis, MN, USA)
PorticoTM Transcatheter Heart Valve69
(St Jude Medical, Little Canada, MN, USA)
Direct Flow Medical® Transcatheter
Aortic Valve System70
(Direct Flow Medical, Santa Rosa, CA, USA)
Sadra LotusTM Valve System71
(Boston Scientific, Natick, MA, USA)
CENTERA Transcatheter Heart
Valve System73
(Edwards Lifescience, Irvine, CA, USA)
SAPIEN 3 valve73
(Edwards Lifescience)

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Motorized
14 Fr sheath

X

14 Fr sheath

X

X

X
Nonmetallic

Abbreviation: Fr, French.

vessels if necessary. A pigtail catheter is positioned in the
aortic root for aortography. Depending on the approach,
the access site is then punctured or surgically exposed and
the sheaths inserted. The aortic valve is crossed with a
guide wire and usually balloon valvuloplasty is performed
during rapid pacing before valve deployment. Subsequently,
the transcatheter heart valve is positioned in the aortic
annulus guided by fluoroscopy and TEE then deployed.
Depending on the type of valve, rapid ventricular pacing
might be necessary during valve deployment. After an
episode of rapid pacing, the patient should be given time
for hemodynamic recovery. Following the deployment of the
valve, valve position, function, regurgitation, and the patency
of the coronary ostia should be assessed by angiography
and TEE. Angiography should be used to exclude damage
to the access vessel if a peripheral access was used. If the
result of the procedure is satisfactory, the catheters and
sheaths are removed and the access site closed.7,44,76,77 After
an uneventful procedure, extubation can be considered if
the patient’s respiratory and hemodynamic status is stable.
All patients should be transferred to the intensive care unit
for post-procedural observation.7,48 Since atrioventricular
(AV) conduction disturbances are a known complication
of TAVR, post-procedural monitoring for 24–48 hours is
advisable. Telemetry should be prolonged if the patient
presents risk factors for the development of conduction
abnormalities.6,7,78,79
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Empiric antithrombotic therapy with aspirin 100 mg,
lifelong, and clopidogrel 75 mg for 3–6 months has been
recommended for postoperative care, although any benefit of
dual-platelet therapy has not yet been confirmed in clinical
studies. A randomized controlled trial is currently underway
to define optimal postoperative antithrombotic therapy after
TAVR.80

Complications
The major complications after TAVR are stroke, vascular
complications, conduction abnormalities, acute kidney
injury, and aortic regurgitation. Additionally, a number of
device-related complications such as valve embolization or
malpositioning can occur during the procedure.

Vascular complications
Vascular complications are one of the most common
complications after TAVR, occurring in 11.7% of cases.40
In the PARTNER Trial, dissection, perforation, and groin
hematoma were the most frequent vascular complications,
and were associated with a significantly higher mortality at
30 days and 1 year post-procedure.81 Serious complications
such as aortic dissection or perforation are rare, occurring in
0.7% of cases.81 Periprocedural, they are usually related to
catheter manipulation. Late aortic dissections might be due
to ascending aneurysm formation.78
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Risk factors include peripheral artery disease, severely
calcified and tortuous vessels, circumferential calcifications,
and an external sheath diameter larger than the minimal
luminal diameter of the access vessel.38,41,42
As is to be expected, vascular complications are
significantly more frequent when a transarterial route is
used compared with when a transapical approach is used
(3.4% vs 14.2%).40 When comparing the SAPIEN valve and
CoreValve for the transarterial route, the risk of vascular
damage is higher with the former (22.3% vs 10.8%), which
is probably related to the larger introducer sheaths used for
the first-generation SAPIEN valve.40
As such, diligent preoperative imaging assessment and
careful patient selection is crucial to minimize the risk of
vascular injury. If vascular damage has occurred, balloon
occlusion or stent implantation from the contralateral side is
a fast and easy way to manage this type of complication, for
which any interventionist should be prepared.78 Occasionally,
surgical repair will be necessary.44
In future, smaller introducer sheaths and new vascular
closure devices are likely to further reduce vascular morbidity after TAVR.38

Neurologic events
Possible causes for periprocedural cerebral infarctions in
patients undergoing TAVR are embolization of debris from
the aortic arch or aortic valve, episodes of hypotension or
hemorrhagic stroke.21,82
A recent meta-analysis by Khatri et al40 on adverse events
after TAVR reported an early stroke rate of 2.9%. However,
several studies have shown that 58%–77% of patients
undergoing TAVR have small, silent cerebral infarctions
detectable on magnetic resonance imaging with an incidence
significantly higher than in patients undergoing SAVR.83–86
At this time, it seems that these silent infarctions do not have
negative impact on cognitive function or post-procedural
health status.83,86 In contrast, if a clinically apparent neurologic
event has occurred, mortality is increased.20,34,50,63
In part A of the PARTNER Trial, the 30-day prevalence
of neurologic events was significantly higher after TAVR
than after SAVR (5.5% vs 2.4%, P = 0.04), whereas the rate
of major stroke showed a tendency toward higher prevalence
after TAVR but did not reach significance (3.8% vs 2.4%,
P = 0.2).17 A detailed analysis of neurologic events in the
PARTNER Trial by Miller et al20 showed that there is an
early phase after the procedure during which the risk of stroke
is significantly increased with TAVR.20 During follow-up,
the risk for neurologic events is primarily influenced by
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patient-related risk factors such as history of stroke, atrial
fibrillation, and cerebrovascular disease, not by the procedure
chosen.82
There are studies suggesting that the transapical approach
is associated with a reduced risk of stroke,49 but Khatri et al’s
meta-analysis could not show a significant difference in the
prevalence of stroke between transapical and transarterial
TAVR, nor between the SAPIEN valve and CoreValve.40
An increased risk of stroke is an important aspect when
considering TAVR for lower-risk patients. Embolic protection
devices might be a means to reduce intra-procedural embolic
infarctions. Further clinical trials are necessary to improve
TAVR device, patient, and access route selection with regard
to stroke risk, and to define a postoperative antithrombotic
therapy that minimizes embolization without increasing the
risk of bleeding complications.20,82

Pacemaker requirement
and conduction abnormalities
Permanent pacemaker implantation is required in 13.1% of
patients undergoing TAVR.40 The most common indication is
occurrence of AV block.66 Nuis et al reported that the overall
prevalence of conduction abnormalities after CoreValve
implantation is as high as 82, with left-bundle branch block
being the most frequent.87 In most cases, the conduction
abnormality occurs during the procedure itself or within
24 hours, but cases of delayed heart block after up to 30 days
have been described.7,87,88 Pacemaker requirement does
not seem to affect long-term outcome,89 even though less
improvement of left-ventricular function was observed in
patients with new conduction defects.90
A number of risk factors for conduction abnormalities
and permanent pacemaker requirement post-TAVR have been
identified, including preexistent right-bundle branch block, preprocedural QRS complex length and AV delay, valve over-sizing,
depth of implantation, and septal wall thickness. The relevance
of aortic root calcification is controversial.6,66,78,79,88,91,92
Numerous studies have revealed that the risk of requiring
a pacemaker post-procedure is significantly higher with the
CoreValve than with the SAPIEN valve (25.2% vs 5.0%).40
This is most likely to be due to the design of the CoreValve
System.1,10,40,63–66,88,91,92
In view of the risk of delayed AV block, it has been
recommended that patients be monitored for at least
24–48 hours post-procedure, perhaps for even longer
after CoreValve implantation or if there are preexisting
conduction abnormalities or any that are newly developed
after TAVR.6,7,78,79
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Central aortic or paravalvular
regurgitation

post-procedural aortic regurgitation, and the use of high
amounts of contrast medium.6,8,34,98–101

Aortic regurgitation is a typical finding after TAVR and
occurs in the majority of patients. In most cases, it is
only mild.9,48 In part A of the PARTNER Trial, 11.8%
of patients undergoing TAVR had moderate to severe
paravalvular regurgitation at 30 days, and 4.2% at 1 year.17
Even though it remained stable or tended to improve during
follow-up, even mild paravalvular regurgitation significantly
increased mortality. The higher the degree of regurgitation,
the higher the impact on mortality.17,19,21 The effect of aortic
regurgitation on mortality has been confirmed by several
other publications.9,10,93
The extent of aortic annular calcification seems to
be an important predictor of post-TAVR paravalvular
regurgitation that can be anticipated on pre-procedural
MDCT.45,94–96 Sherif et al identified the depth of implantation
and the angle of the left-ventricular outflow tract to the
ascending aorta as predictive of aortic regurgitation. 97
Accurate sizing and positioning of the valve are important
in preventing aortic regurgitation, as an undersized valve
increases the risk of paravalvular regurgitation, while
an oversized one might not fully expand, thus lead to
central regurgitation. 6,38 A higher incidence of aortic
regurgitation with CoreValve has been discussed, but data
on this question are conflicting.9,10,63,64 If relevant aortic
regurgitation occurs immediately after the procedure,
secondary balloon dilatation can decrease the degree of
regurgitation, or a second transcatheter heart valve can be
implanted “valve in valve.”6,34,78
The incidence of paravalvular regurgitation after TAVR
can probably be reduced by improved patient selection, preand intra-procedural imaging, and new transcatheter heart
valve designs that have increased sealing capacities and
repositioning features.

Valve malpositioning, embolization,
and other complications

Acute kidney injury
Acute kidney injury requiring renal replacement therapy
occurs in approximately 5% of patients. 40 Khatri et al
noted a higher rate in transapical versus transarterial
SAPIEN valve implantations.40 In the setting of TAVR,
acute kidney injury probably results from contrast medium,
hypotension, and micro-embolization in patients with
preexistent impaired renal function.44 Kidney injury is
probably associated with a prolonged hospital stay and
worse outcome, even though not all studies support
this. Risk factors for acute kidney injury may include
peripheral vascular disease, bleeding, blood transfusion,
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Malpositioning of the valve can lead to aortic regurgitation,
coronary artery obstruction, injury to the aorta or to the
mitral valve, arrhythmia or conduction disturbances, and
embolization of the valve.44
In their meta-analysis on adverse events after TAVR,
Khatri et al reported an overall rate of valve in valve
implantation for implant failure of 2.2% with a higher rate
among patients receiving a CoreValve implantation. The
overall rate of conversion to open surgery was 1.2%.40
Valve embolization occurs in 1.3% of cases,40 usually
due to malposition of the valve or a ventricular contraction
ejecting the valve during deployment. As long as the valve
remains in coaxial position within the aorta, hemodynamics
can remain stable. If its position allows, the valve can be
stabilized in its position by balloon dilatation or overstenting. Subsequently, a second attempt to implant a
transcatheter heart valve can be made, or the procedure can
be converted to open surgery. There are reports of embolized
valves being left in place, but in most cases, the valve will
have to be surgically removed. If the valve embolizes into the
left ventricle, surgical removal is usually necessary.44,48,78,102
If valve misalignment results in severe aortic regurgitation,
an attempt can be made to position a second transcatheter
heart valve within the first one to reduce regurgitation.78,102
Transcatheter heart valves that allow recapturing and
repositioning of the valve after deployment are currently
undergoing clinical evaluation.69–71
Coronary artery obstruction can result from malpositioning
of the valve, but the most likely cause is the displacement of
a calcified leaflet over a coronary ostium or the embolization
of debris into one of the coronary arteries.44 The risk is
relatively low (0.8%), with a somewhat higher likelihood
with the SAPIEN valve than the CoreValve.6,40 Further,
heavily calcified, elongated cusps and short and shallow
sinuses of Valsalva have been reported to carry an increased
risk of coronary obstruction. 38,44 Diligent preoperative
imaging assessment is crucial. A minimal distance of
10–14 mm between the annulus and the coronary ostia has
been suggested to minimize the risk. Urgent percutaneous
coronary intervention or coronary artery bypass is the only
option if this complication occurs.44
Mitral valve injury can occur during transapical TAVR. It
can also result if the ventricular end of the valve interferes with
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the movement of the mitral valve leaflets. Though rare, both
acute and late mitral regurgitation have been described.44
Aortic root rupture is an infrequent, but catastrophic
complication of TAVR. It causes immediate hemodynamic
collapse and can only be treated by urgent surgical root
replacement, which is associated with very poor outcome in
this setting.7,44 Root rupture is more likely in patients with
a small, heavily calcified aortic root.38 Aggressive balloon
dilatation and undue over-sizing of the valve further increase
the risk of annular rupture.7,44 Another differential diagnosis
for unexplained hemodynamic deterioration after TAVR is
cardiac tamponade due to cardiac perforation by one of the
catheters or by a transvenous pacemaker.44

Patients with previous cardiac surgery

Several subgroups of patients presenting for AVR – for
example, patients with left-ventricular dysfunction – might
especially benefit from SAVR as opposed to TAVR. Other
conditions, such as bicuspid aortic valve, are currently
considered contraindications for TAVR, even though
feasibility of TAVR in these patients has been shown. This
section provides an overview of the current evidence on
TAVR in these special patient subsets.

The risk of reoperation after previous cardiac surgery is
considered high. Therefore, TAVR was expected to be a
promising alternative for patients who need AVR after
previous surgery.110 Interestingly, two recent comparative
retrospective studies reported that both treatment options
provide good, comparable results.111,112 Wilbring et al111
observed that, despite a different pattern of postoperative
complication, overall outcome did not differ significantly.111
Likewise, the PARTNER Trial surprisingly indicated that
patients undergoing reoperation did better with open surgery
than with TAVR. 17 Although previous cardiac surgery
represents an additional risk factor that must be considered,
reoperation alone should not constitute an indication for an
interventional approach.112

Concomitant mitral valve regurgitation

Left-ventricular dysfunction

The impact of moderate to severe mitral valve regurgitation on
outcome after TAVR is controversial. While several authors
have reported mitral regurgitation to be an independent
predictor of mortality,34,35 other studies have not supported
this observation.36,103 Although post-procedural mortality
seems to be higher in patients with concomitant mitral valve
regurgitation, functional status is generally improved.36,103,104
Several authors have observed a significant reduction in
mitral regurgitation in 30%–55% of patients.36,104,105
Currently, moderate and severe mitral regurgitation
should not be considered a contraindication for TAVR.103
Concomitant or secondary mitral valve clipping is feasible,
even though there is conflicting data on whether this approach
can improve mortality and functional status.106,107

Left-ventricular dysfunction is an important risk factor in
patients undergoing SAVR. Patients with impaired LVEF
could therefore be a subgroup that might benefit from
TAVR.47
Several authors have addressed the outcome of patients
with left-ventricular dysfunction undergoing TAVR.
Fraccaro et al found a significantly higher early and late
mortality in patients with low LVEF.113 Ewe et al did not
note a difference in mortality, but the rate of combined major
adverse events was higher in patients with an LVEF lower
than 50%.114 In contrast, both studies observed a significant
improvement in LVEF after the procedure.113,114 In a study
by van der Boon et al, survival did not differ at all between
patients with normal and reduced LVEF.115
When comparing the outcome of patients with an
ejection fraction below 50% undergoing TAVR or SAVR,
Clavel et al116 observed no difference in risk-adjusted 30-day
mortality, but patients undergoing TAVR had significantly
better LVEF recovery.47,116 Bauer et al reported similar
findings in a small comparative echocardiographic study.117
Although a debated issue, patients with impaired leftventricular function probably have an increased periprocedural
risk compared with patients with normal left-ventricular

Special patient subgroups

Bicuspid aortic valve
A bicuspid aortic valve is considered a relative contraindication
for TAVR 3 because a higher risk of malpositioning,
paravalvular leakage, or incomplete expansion is assumed.108
Two small case series – one by Himbert et al109 and the other
by Wijesinghe et al108 – have been published on TAVR with
the CoreValve and SAPIEN valve in patients with bicuspid
aortic valve. Though results were comparable with the current
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data on the outcome of TAVR, several patients had moderate
paravalvular leakage, and two procedures had to be converted
to open surgery.108,109 TAVR in patients with bicuspid valve
is feasible, but careful patient selection and diligent sizing
and positioning are very important. In particular, in patients
with concomitant aortic root or ascending aortic dilatation,
stable positioning of the valve might be difficult.108

submit your manuscript | www.dovepress.com

Dovepress

Research Reports in Clinical Cardiology 2013:4

Dovepress

Research Reports in Clinical Cardiology downloaded from https://www.dovepress.com/ by 18.205.176.100 on 26-Aug-2019
For personal use only.

function.113,114 However, LVEF seems to improve significantly
after TAVR.113,114,116 Even though no benefit with regard to
short-term mortality could be shown in comparison with SAVR,
patients with low LVEF undergoing TAVR could benefit from
a significantly better recovery of left-ventricular function.47,116

Valve-in-valve procedures
Transcatheter heart valves have been successfully implanted
in failing bioprostheses or annuloplasty rings in all valve
positions.47,118–123
Implanting a second transcatheter heart valve in a
malpositioned or regurgitant transcatheter heart valve is a
feasible bailout that has adequate results, but the resulting
gradient is higher than in patients undergoing SAVR.78,102,121
SAPIEN valve implantations in CoreValve as well as
CoreValve implantations in failing SAPIEN valves have
been described.47
In patients with a failing surgical aortic bioprosthesis with
high risk of reoperation, implanting a transcatheter heart valve
within the bioprosthesis is a minimally invasive alternative
to surgery.118,123 Both implantations in stented as well as in
stent-less bioprostheses have been performed.118,119,122,123 The
ring of the surgical valve allows excellent annular sealing for
the transcatheter heart valve. Although the midterm outcome
seems satisfactory,118,119,123 some specific issues have to be
considered. Mean gradients are approximately 20 mmHg
higher than in a primary implanted transcatheter heart
valve, and the long-term clinical effect of this observation
is unknown.118,119,123 The risk of coronary artery obstruction
seems to be significantly higher (3.5%).119
Transapical implantation of a SAPIEN valve is a
treatment option for a failing surgical mitral bioprosthesis or
a mitral annuloplasty. Cheung et al reported favorable results
in 23 high-risk patients,120 and similar positive results have
been published by the Global Valve-in-Valve registry.119 The
feasibility of valve-in-valve procedures in failing tricuspid
bioprostheses and annuloplasty rings as well as pulmonary
bioprostheses has been reported.118,124,125
Valve-in-valve procedures might be a promising approach
for high-risk patients with failing surgical bioprostheses. The
first data on valve-in-valve procedures in aortic position
show satisfactory outcomes, but long-term results should be
awaited. Data on valve-in-valve replacements in other valve
positions are still limited.118

Conclusion
TAVR is assumed superior to medical treatment for inoperable
patients with severe aortic stenosis and reasonable life
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expectancy. In high-risk patients, its midterm results are
comparable, but not superior to, the results for SAVR.
Concerning TAVR, a number of questions still have to be
addressed, such as the incidence and clinical significance
of stroke, paravalvular regurgitation, and conduction
disturbances. New transcatheter devices abound; they might
be able to prevent some of the complications associated with
TAVR. The cost-effectiveness of TAVR compared with SAVR
constitutes another relevant issue that is still unclear.
Importantly, despite the enthusiasm for broadening the
indication for TAVR to lower-risk patients, it must be taken
into account that we only have very limited data on long-term
follow-up on transcatheter heart valves beyond 2 years, and
valve durability is still uncertain. Future clinical trials and
long-term follow-up will help define which patients will
benefit from this rapidly developing approach.
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