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Transcatheter Aortic
Valve Replacement:

Comprehensive Review and Present Status

Aortic stenosis is the most common valvular heart disease in the developed world. About
7% of the population over age 65 years suffers from degenerative aortic stenosis. The
prognosis of patients with symptomatic severe aortic stenosis is dismal without valve re-
placement. Even though the American College of Cardiology recommends aortic valve
replacement to treat this condition as a class | recommendation, approximately one third
of these patients over the age of 75 years are not referred for surgery. Typically, this is from
concern about prohibitive surgical risk associated with patient frailty, comorbidities, age,
and severe left ventricular dysfunction.

The advent in France of transcatheter aortic valve replacement has raised the hope in
the United States for an alternative, less invasive treatment for aortic stenosis. Two recent
trials—the Placement of AoRTic TraNscathetER Valve Trial Edwards SAPIEN Transcatheter
Heart Valve (PARTNER) and the CoreValve US Pivotal—have established transcatheter aor-
tic valve replacement as the preferred approach in patients who are at high or prohibitive
surgical risk. The more recently published PARTNER 2 trial has shown the feasibility of trans-
catheter aortic valve replacement in intermediate-surgical-risk patients as well. With a pro-
file that promises easier use and better valve performance and delivery, newer-generation
valves have shown their potential for further improvement in safety profile and overall out-
comes. We review the history and status of this topic. (Tex Heart Inst J 2017:44(1):29-38)

evere, symptomatic aortic stenosis (AS) is fatal, if left untreated: the prognosis

is worse than those of most other malignancies, for the mortality rate is 50%

at 2 years (Fig. 1)."* Aortic valve replacement (AVR) is the only treatment
that has proved helpful in strengthening the survival prospects of these patients, and
no medical therapy has shown its efficacy in improving outcomes. Despite the 2014
American College of Cardiology/American Heart Association (ACC/AHA) guidelines
for AVR as a class I indication for severe symptomatic AS,’ nearly one third of patients
with severe symptomatic AS are not referred for surgical AVR.? This is often because
multiple comorbidities, advanced age, left ventricular (LV) dysfunction, and frailty all
result in poor candidacy for surgical AVR (SAVR).** The operative death risk for SAVR
among patients with LV dysfunction is as high as 10%. A similar increase in risk is
noted among SAVR patients with chronic renal disease and advanced age.*”

Aortic stenosis is an age-related degenerative process with an increase in incidence
noted among advanced-age groups. Because advanced age and debility remain sig-
nificant limiting factors in providing these patients access to SAVR, the emergence of
transcatheter aortic valve replacement/transcatheter aortic valve implantation (TAVR/
TAVI) provides a feasible and lesser-risk option for the frail and the elderly who are
deemed poor candidates for surgery.

History of Transaortic Valve Replacement

The first classic description of successful surgical management of aortic insufficiency
was published in 1954.* The first successful replacement, however, was performed
in 1960 Duran and Gunning described performing AVR in a patient in the early
1960s, using a xenograft porcine aortic valve." Since then, the art of open-heart valve
surgery has made rapid strides.

With the evolution of minimally invasive percutaneous coronary interventions to
treat complex, multivessel coronary artery disease, cardiologists aspired to treat stenot-
ic valves percutaneously with minimal risk. This journey began with the development
of balloon aortic valvuloplasty.” However, it failed to substantially change long-term
outcomes. The experimental model of stentmounted porcine valve implants® was
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Fig. 1 In a postmortem study, this was the prognosis of patients
with aortic stenosis who did not undergo valve replacement or
valve implantation.

From: Ross J Jr, Braunwald E. Aortic stenosis. Circulation
1968;38(1 Suppl):61-7!

followed by a successful pulmonic valve implantation
in a lamb.* In 2002, Cribier and colleagues described,
in a 57-year-old man with severe calcified bicuspid AS,
the first human case of TAVR.” However, their antero-
grade, transvenous approach was fraught with limita-
tions.'* Webb and associates subsequently reported the
feasibility and safety of TAVR via a transfemoral ar-
terial approach.” Lichtenstein and co-authors initially
described the transapical approach,” and later reported
clinical and hemodynamic outcomes for patients who
underwent valve-in-valve aortic valve implantation of an
Edwards balloon-expandable valve through the trans-
apical approach.”

Indications for Aortic Valve Replacement

The ACC/AHA guidelines for the indications of AVR
underwent significant changes in 2014, upon the grow-
ing success of TAVR (Fig. 2).> The ACC/AHA rec-
ommends TAVR as the choice for interventions in the
following situations (Table I)°:

Abnormal Aortic Valve With
Reduced Systolic Opening Class Ila
Class ITb
59\'8:: 1:5; Vimax 3 m/s-3.9 m/s
max =4 M/
AP e >40 mm Hg AP pyem 20-39 mm Hg
v | \i ! | !
Symptomatic Asymptomatic . Asymptomatic
(stage D1) (stage C) Symptomatic (stage B)
LVEF <50% || LVEF <50%
(stage C2)
—YES NO Other cardiac
surgery
Other cardiac surgery —
DSE with AVA <l em’
N AVA <1 cm” and and
Vi 23 mis Va4 m/s LVEF >50%
APrem *(’O_ mm.Hg (stage D2) (stage D3*)
Low surgical risk
Abnormal ETT l— AS likely cause of
symptoms
AV nax >0.3 m/sly
Low surgical risk
AVR AVR AVR AVR
@ (I1a) (IIb) (IIa)

Fig. 2 Indications for aortic valve replacement in patients with aortic stenosis.

From: Nishimura RA, Otto CM, Bonow RO, Carabello BA, Erwin JP 3rd, Guyton RA, et al. 2014 AHA/ACC guideline for the
management of patients with valvular heart disease: executive summary: a report of the American College of Cardiology/American
Heart Association Task Force on Practice Guidelines [published erratum appears in Circulation 2014,129(23).e650]. Circulation
2014;129(23):2440-92.° Reprinted with permission from Circulation: 2014;129:2440-92. ©2014 American Heart Association, Inc.

AS = aortic stenosis; AVA = aortic valve area; AVR = aortic valve replacement; DSE = dobutamine stress echocardiography;
ETT = exercise treadmill test; LVEF = left ventricular ejection fraction; AP, .., = mean pressure gradient; V., = maximum velocity
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TABLE I. ACC/AHA Recommendations for Aortic Stenosis: Choice of Surgical or Transcatheter Intervention?

Recommendations COR LOE

Surgical AVR is recommmended in patients who meet an indication for AVR with low or intermediate | A
risk

For patients in whom TAVR or high-risk surgical AVR is being considered, members of a Heart | C
Valve Team should collaborate to provide optimal patient care

TAVR is recommended in patients who meet an indication for AVR for AS who have prohibitive I B
surgical risk and a predicted post-TAVR survival >12 mo

TAVR is a reasonable alternative to surgical AVR in patients who meet an indication for AVR and lla B
who have high surgical risk

Percutaneous aortic balloon dilation may be considered as a bridge to surgical or transcatheter llb C
AVR in severely symptomatic patients with severe AS

TAVR is not recommended in patients in whom existing comorbidities would preclude the Il: No Benefit B

expected benefit from correction of AS

ACC = American College of Cardiology; AHA = American Heart Association; AS = aortic stenosis; AVR = aortic valve
replacement; COR = classification of recommendation; LOE = level of evidence; TAVR = transcatheter aortic valve

replacement

Adaptation of Table 8 from Circulation: 2014;129:2440-93 for "Transcatheter Aortic Valve Replacement.”

1) Patients considered to be at a prohibitive risk for
surgery and at a predicted post-TAVR survival
longer than 12 months (class I indication, level of
evidence B).

2) As an alternative to SAVR in patients considered
to be at high risk for surgery (class Ila indication,
level of evidence B).

An approach by a heart valve team—consisting of
experts in valvular heart disease, interventional cardiol-
ogy, cardiac imaging, cardiac anesthesia, and cardiac
surgery—is considered essential in patients who are
being considered for TAVR or high-risk SAVR (class
I indication, level of evidence C). Substantial credit
for the improvement in TAVR outcomes has been at-
tributed to the improvement in patient selection by the
heart valve team.”

Types of Transcatheter Valves

Two types of valves are currently approved by the U.S.
Food and Drug Administration (FDA) for TAVR: the
CoreValve® Revalving system (Medtronic, Inc.; Min-
neapolis, Minn) and the Edwards SAPIEN system (Ed-
wards Lifesciences Corporation; Irvine, Calif). Both
valves have proved their effectiveness in the recent out-
comes of the CoreValve US Pivotal and PARTNER trials,
respectively.

Edwards SaprieN TAVR Valves

The Edwards SAPIEN aortic valve is a balloon-expand-
able, trileaflet, equine pericardial valve attached to a
stainless-steel framework. The Edwards SAPIEN XT
and the Edwards SAPIEN 3 valves, available in 20-mm,
23-mm, 26-mm, and 29-mm sizes, are the 2 types of
Edwards SAPIEN TAVR valves available in the U.S. Ei-
ther can be deployed through transfemoral, transapical,
transaxillary, and transaortic approaches. The Edwards
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Fig. 3 Image shows the unique features of the Edwards SAPIEN 3
Valve. (Reprinted with permission from Edwards Lifesciences
Corporation.)

SAPIEN XT system has been approved by the FDA for
aortic valve-in-valve procedures. The SAPIEN 3 system—
with a lower device profile, improved delivery catheter,
and the additional feature of a polyethylene terephthal-
ate outer skirt—has shown reduced rates of vascular se-
quelae and paravalvular regurgitation (Fig. 3).

PARTNER Trial (NCT00530894)

The Placement of AoRTic TraNscathetER Valve Trial
Edwards SAPIEN Transcatheter Heart Valve (PART-
NER) trial was a randomized prospective trial that divid-
ed patients into 2 cohorts: PARTNER A and PARTNER B.
The PARTNER A cohort compared TAVR against SAVR

Comprehensive Review of TAVR 31



in high-surgical-risk patients, defined as predicted risk
of operative death >15%.”" PARTNER B included patients
who were not considered suitable candidates for surgery
because of combined risk of death or irreversible comor-
bidity of more than 50%, as agreed upon by 2 cardiac
surgeons.”

The PARTNER A trial included 351 patients under-
going SAVR and 348 undergoing TAVR. The 30-day
mortality rate for TAVR was 3.4% and for SAVR was
6.5%. The 1-year mortality rate was 24.2% and 26.8%
for TAVR and SAVR, respectively (2=0.001 for noninfe-
riority). Reported 5-year results were comparable as well,
with mortality rates reported at 67.8% in the TAVR
group versus 62.4% in the SAVR group (P=0.76).”

The PARTNER B trial compared TAVR versus medi-
cal therapy, with the results significantly favoring the
TAVR group. The 1-year mortality rate for TAVR was
30.7%, versus 50.7% for conventional medical therapy
(P <0.001). The benefits of TAVR were sustained at
5 years with a significantly lower mortality rate than
medical treatment (71.8% vs 93.6%; P <0.0001).*

CoreValve Revalving System

The CoreValve Revalving system, which has a self-ex-
panding nitinol frame, contains a trileaflet porcine peri-
cardial tissue prosthesis and is delivered by advancing
a catheter over a guidewire in retrograde fashion from
the femoral, axillary, or subclavian artery to the aor-
tic annulus. The valve is manufactured in 4 diameters
(23, 26, 29, and 31 mm) and was the first transcatheter
valve approved by the FDA for valve-in-valve replace-
ment. Evolut™ R, the latest-generation CoreValve, is
configured with a low delivery profile and is the only
repositionable and recapturable device available in the

U.S. (Fig. 4).

CoreValve US Pivotal Trial (NCT01240902)

The CoreValve US Pivotal Trial was a multicenter
noninferiority trial performed at 45 clinical sites in the
U.S., which compared TAVR using a CoreValve with
SAVR, in patients who had severe AS and increased

risk of death from surgery.” The inclusion criteria were
New York Heart Association (NYHA) functional class
IT or greater, severe AS with aortic valve area <0.8 cm? or
aortic valve area index <0.5 cm?/m?* and a mean gradient
>40 mmHg or a peak velocity >4 m/s whether at rest or
during dobutamine echocardiography, and at increased
surgical risk. The primary endpoint was all-cause death
atone year, and 795 patients underwent randomization
in the U.S. All-cause death at one year in the TAVR
group was 14.2% versus 19.1% in the SAVR group (P
<0.001 for noninferiority and P=0.04 for superiority).
The 2-year mortality results were congruent with the
l-year results: an all-cause mortality rate at 22.2% in
the TAVR group and 28.6% in the SAVR group. He-
modynamic performance was superior in the TAVR
group at all times.

There have been promising results from the Core-
Valve Australia-New Zealand Study, the Italian Core-
Valve registry, and the UK TAVI registry.”*** The results
from the Italian registry showed durability with the
CoreValve at the 5-year follow-up, with only 5 patients
(1.4%) noted to have prosthesis failure.” The Spanish
experience yielded a 30-day mortality rate of 7.4% in
108 patients who underwent TAVIL.”

CoreValve versus

Edwards SAPIEN Valve

The Randomized Comparison of Transcatheter Heart
Valves in High Risk Patients with Severe Aortic Steno-
sis: Medtronic CoreValve Versus Edwards SAPIEN XT
(CHOICE) trial (NCT01645202) was the first head-to-
head trial of a balloon-expandable TAVR valve versus
a self-expandable valve.** At 30 days, device success oc-
curred in 116 of 121 patients (95.9%) in the balloon-
expandable group and 93 of 120 patients (77.5%) in the
self-expandable group (P <0.001). This was attributed
to a significantly lower frequency of aortic regurgitation
and the rare need for implanting more than one valve
in the balloon-expandable group. Despite the greater
device success in the balloon-expandable group, the
mortality rates in these groups were comparable both at

Fig. 4 Images show the recapturability feature of the CoreValve Evolut R valve: A) valve too deep; B) recapture begins; C) partially
recaptured; D) valve fully recaptured. (Reprinted with permission from Medtronic, Inc.)
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the 30-day and at the 1-year follow-up. A recent meta-
analysis of these 2 groups showed a similar risk of death
and stroke at both stages.” However, the incidence of
new pacemaker implantation, aortic regurgitation, valve
embolization, and the need for more than one valve was
found to be higher with self-expandable valve implanta-
tion than with balloon-expandable valve implantation.

Four registries—the UK TAVT registry, the Pooled-
Rotterd Am-Milano-Toulouse In Collaboration (PRAG-
MATIC Plus Initiative), the Spanish National TAVI
registry, and the Belgian TAVI Registry—reported
comparable results for the Edwards SAPIEN and the
CoreValve.»

Anatomic Evaluation before TAVR

Both transthoracic and transesophageal echocardiogra-
phy have been found inferior to real-time 3-dimensional
imaging for measuring annular size.** Multidetector
computed tomography has proved to be the method
of choice for pre-TAVR evaluation of the suitability
of iliofemoral access and for detailed anatomic evalu-
ation of the aortic root and valve annulus; it has also
shown promise in the detection of coronary disease pre-
TAVR % Left and right-sided heart catheterization are
used to evaluate coexisting coronary artery disease and
pulmonary hypertension; pulmonary function tests
are also part of the routine pre-TAVR evaluation. Al-
though revascularization of coronary disease typically
takes place before TAVR, revascularization after TAVR
is feasible as well.”

Procedural Success after TAVR

Although early TAVR experiences yielded a procedural
success rate of 70% to 80%,* the Society of Thoracic
Surgeons/ACC Transcatheter Valve Therapy Registry
investigators have reported a 92% procedural success
rate since the approval of TAVR in the U.S.*

Changes in the Heart after TAVR

Replacement of the stenotic aortic valve alleviates the
increase in LV pressure load and improves LV hemo-
dynamic performance.” Transcatheter AVR has been
shown to normalize ventricular-arterial coupling, de-
crease LV hypertrophy, and restore LV function in pa-
tients with systolic dysfunction.** Elevated left-sided
filling pressures in severe AS can lead to severe pulmo-
nary hypertension in nearly one third of cases. Patients
undergoing TAVR were noted to have a sustained re-
duction in pulmonary hypertension.” Although these
results were reciprocated by balloon aortic valvuloplasty
in the short term, the pulmonary pressures returned to
preprocedural levels in the long term. Transthoracic
echocardiograms from 95 patients evaluated before and
after implantation of Edwards SAPIEN valves at selected
intervals in the TRanscatheter EndoVascular Implanta-
tion of VALves (REVIVAL) trial revealed the mean valve
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area (1.6 cm?) achieved after TAVR to be comparable to
that achieved by SAVR, and the clinical improvements
to be sustainable at 1 year.* Despite slight progression
of the aortic regurgitation at 1 year, most patients had
improvement in LV structure and function.”

Changes in Quality of Life

Quality-of-life indices such as the Short Form 36 score,
the Kansas City Cardiomyopathy Questionnaire, the
Short Form 12v2 scoring system, and the Heart Failure
Questionnaire have all indicated marked improvement
in patients’ quality of life after TAVR. The transfemoral
TAVR cohort in the PARTNER A trial scored higher in
the short term (via the Kansas City Cardiomyopathy
Questionnaire summary score for evaluation of quality
of life) than did the cohort who underwent surgery.*

Predictors of Death after TAVR

The 2 most frequently used death-prediction models are
the Logistic EuroSCORE and the Society of Thoracic
Surgeons Predicted Risk of Mortality (STS-PROM)
algorithms. The EuroSCORE, however, has been
shown to overestimate the expected mortality rate in
high-risk candidates.” Table II summarizes the inde-
pendent predictors of death.”” Low flow was identified
as an independent predictor of death in a PARTNER trial
analysis.” The transapical approach has been associated
with a higher mortality rate than has the transfemoral
route.”” Sequelae of TAVR—Iike cerebral embolism,
paravalvular regurgitation, and vascular sequelac—are
well-known predictors of death. Elevation of brain-type
natriuretic peptide levels at 30 days from baseline, along
with moderate-to-severe aortic regurgitation, were inde-
pendent predictors of death in the transfemoral cohort
of the PARTNER trial** Female sex, preoperative NYHA
functional class IV, LV ejection fraction <0.30, preop-
erative intravenous inotropic agents, a higher degree of
calcification, and arteriovascular disease were found to

be independent predictors of severe sequelae in the Ger-
man Aortic Valve Registry (GARY).”

TABLE Il. Predictors of Death after Transcatheter Aortic
Valve Replacement*®

At 30 days
Requirement for open-heart surgery
Cardiac tamponade
Vascular sequelae
Poor left ventricular function (ejection fraction, <0.40)
Prior balloon valvuloplasty
Diabetes mellitus

Between 30 days and 1 year
Prior stroke
Postprocedural paravalvular leak (>2+)
Prior pulmonary edema
Chronic kidney disease
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Technical Sequelae of TAVR

The Valve Academic Research Consortium (VARC),
the organization that oversees the TAVR trials, has
proposed standard endpoints for the TAVR clinical tri-
als’*” The purpose was to standardize postoperative
sequelae of TAVR—such as myocardial infarction,
stroke, bleeding sequelae, acute kidney injury, vascu-
lar sequelae, prosthetic valve performance, and other
sequelae related to prosthetic valve placement, includ-
ing death. The clinical benefit endpoints proposed
by VARC are exercise performance, the judgment of
NYHA functional status, and performance on vari-
ous quality-of-life and frailty questionnaires. The cre-
atine kinase-myocardial band was recommended as a
periprocedural marker for myocardial infarction with
a 2nd-sample requirement of a greater-than-20% in-
crease and a 2nd-sample elevation of at least 10 times
the upper limit of normal.

Cerebral Embolism. Transcatheter AVR is associated
with the highest stroke rates among percutaneous car-
diac interventions, ranging from 4% to 5% in the 2
large randomized clinical trials that compared TAVR
and SAVR in high-risk patients.”* Although cerebral
microembolism was detected via ultrasonography and
magnetic resonance imaging in the earlier studies in
patients undergoing TAVR,*®* no deleterious effect
on neurocognitive function was found at a 3-month
follow-up evaluation. Variation in the practices regard-
ing antithrombotic therapy at different institutions has
reverted to standard since the finding—during the Por-
tico Re-sheathable Transcatheter Aortic Valve System
U.S. Investigational Device Exemption (PORTICO IDE)
trial—of reduced aortic-valve-leaflet motion on com-
puted tomography: close scrutiny of the computed to-
mograms of a patient who had experienced a stroke and
of an asymptomatic patient showed that leaflet motion
improved upon therapeutic anticoagulation.” Although
the incidence of strokes was not statistically significant
in the reduced-leafletmotion arm (compared with the
normal-leafletmotion arm), a significant difference in
the incidence of strokes or transient ischemic attacks
was seen in patients with reduced leaflet motion in
these pooled cohorts: Subclinical Aortic Valve Biopros-
thesis Thrombosis Assessed with Four-Dimensional
Computed Tomography (Savory) and Assessment of
Transcatheter and Surgical Aortic Bioprosthetic Valve
Thrombosis and its Treatment with Anticoagulation
(Resolve).® The FDA now requires all patients undergo-
ing TAVR to undergo follow-up computed tomograph-
ic scanning to look for signs of leaflet immobility.

Coronary Obstruction. Transcatheter AVR is associ-
ated with low risk of coronary ostial obstruction (<1%)
in patients with native-valve AS.” The risk goes up 3- to
4-fold in patients who have undergone valve-in-valve
TAVR.® Coronary obstruction after TAVR is associ-
ated with a high mortality rate. The mechanism is
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generally speculated to be direct or near-direct contact
between the bioprosthetic valve and the coronary os-
tium.® Meticulous use of computed tomography and
fluoroscopy can detect high-risk cases.®** Recogniz-
ing high-risk cases and taking measures such as the
use of a retrievable prosthesis, the deliberate selection
of a small-diameter prosthesis, underexpansion of the
balloon-expandable valve,” or use of active protection
(for example, placing wire and stent in the coronary
vasculature before valve implantation) are options that
should be considered for management of coronary ob-
struction.®

Conduction Abnormalities and Pacemaker Necessity.
The overall rates of permanent pacemaker implanta-
tion after TAVR were around 17%, versus 5% with
SAVR.““ The need for a new permanent pacemaker
in the PARTNER A cohort was not significantly different
at 30 days (3.8% vs 3.6%), 1 year (5.7% vs 5%) and
5 years (9.7% vs 9.1%) for patients undergoing TAVR
versus SAVR, respectively. Siontis and colleagues® sug-
gested that male sex, baseline conduction disturbances,
and intraprocedural atrioventricular block had roles as
predictors of permanent pacemaker implantation after
TAVR. They found the sequela to be 2.5 times more
prevalent with the self-expandable valve than with the
balloon-expandable valve, a finding equivalent to that
of meta-analysis as well.” The valve design and its po-
tential for deeper implantation in the LV outflow tract
are possible reasons for these higher rates of permanent
pacemaker implantation with the self-expandable valve
than with the balloon-expandable valve. However, the
rates of permanent pacemaker implantation and con-
duction abnormalities were also found to be higher with
the new Edwards SAPIEN 3 system because of prosthesis
oversizing and the depth of the implantation.”

Other Sequelae. Paravalvular leak after TAVR is a
frequent occurrence that is associated with increased
mortality rates.”***** The new Edwards SAPIEN 3 valve,
which features a sealing skirt at its lower position and
a more accurate mechanism of valve positioning, has
shown promise in decreasing the rates of paravalvular
regurgitation.®”" In a recent PARTNER continued-access
registry, the decreased rates of paravalvular regurgitation
were attributed to improved case selection, improved
procedural techniques, and increased procedural expe-
rience.? Vascular sequelae are independent predictors
of death, largely attributed to the wider sheaths (inner
diameter, 24F-26F) required by earlier-generation
devices.” As the sheath sizes decrease with the new-
generation Edwards SAPIEN 3 system (inner diameter,
14F-16F) and the CoreValve Evolut R (14 F-equivalent
system), the rate of vascular sequelae and the incidence
of bleeding will continue to decrease.*”" Acute kidney
injury is frequently seen after TAVR™; however, the
rates were lower both in the PARTNER 2 trial and in a
recently published meta-analysis.””” Other sequelae—
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like valve embolization, mitral regurgitation, prosthet-
ic-valve endocarditis, and ventricular septal defect—are
also known.

The Future of TAVR

The results of the recently published PARTNER 2 trial,
which compared TAVR outcomes (in this instance,
outcomes of the SAPIEN XT valve system) with SAVR
have shown similar overall outcomes with respect to pri-
mary endpoints (death and stroke) at 2 years between
the 2 groups, although the results favored TAVR in pa-
tients who underwent TAVR through the transfemoral
route.”® Transcatheter AVR also resulted in fewer bleed-
ing sequelae, lower rates of acute kidney injury and
new-onset atrial fibrillation, shorter hospitalization
and intensive-care stay, and larger aortic valve areas than
did surgery. In comparison, TAVR had a higher rate of
paravalvular regurgitation and vascular sequelae. The
encouraging results of the PARTNER 2 trial come despite
the drawbacks of the Edwards SAPIEN XT valve system,
which has largely been replaced by the newer-generation
Edwards SAPIEN 3 system.

The results of the Edwards SAPIEN 3 observational
study included a reduced rate of vascular sequelae be-
cause of the smaller sheath size and a lower rate of para-
valvular regurgitation because of the skirt mechanism.”
The Surgical Replacement and Transcatheter Aortic
Valve Implantation (SURTAVI) trial (NCT01586910),
which is Medtronic’s CoreValve version of the PART-
NER 2 trial, will further extend the debate about the
possibility of TAVR's use as a first-line treatment for
intermediate-risk patients. In the meantime, the SAPIEN
3 prosthesis has been approved for use in intermediate-
surgical-risk patients in the U.S. Moreover, the FDA has
recently approved clinical trials to test the efficacy of
TAVR in low-risk patients, both for the Medtronic arm
using the CoreValve Evolut R System (NCT02701283)
and the Edwards SAPIEN arm using the Edwards SAPIEN
3 valve system (PARTNER 3 trial, NCT02675114). The
newer-generation valves have the potential to improve
the success of the procedure and to reduce sequelae.
The ability to reposition and recapture the Evolut R
valve has given operators extra confidence during the
procedure and has led to a CE mark for use in inter-
mediate-surgical-risk patients in Europe. The Reposi-
tionable Percutaneous Replacement of Stenotic Aortic
Valve Through Implantation of LOTUS Valve System
Randomized Clinical Evaluation (REPRISE III) trial is
currently enrolling patients to test the safety and ef-
ficacy of the LoTus Edge™ Valve (Boston Scientific
Corporation; Natick, Mass) for TAVR. Finally, the Di-
rect Flow Medical® Transcatheter Aortic Valve System
(Direct Flow Medical, Inc.; Santa Rosa, Calif ), a part of
the TranScatheter Aortic Valve RepLacement System
US Feasibility (SALUS) trial, is designed to minimize
aortic regurgitation while replacing the faulty native
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aortic valve in high- and extremely high-surgical-risk
patients. Rapid technological advances such as these are
reinforcing the future of TAVR.
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