Minimally invasive aortic valve replacement—where are we?
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First described by Dr. Cribier and colleagues in 2002,
transcatheter aortic valve replacement (TAVR) has
established itself as a life-saving procedure for patients
with severe symptomatic aortic stenosis (AS) (1). The
PARTNER trial, which led the way in the US for studying
TAVR as a treatment option for severe symptomatic AS,
was conducted in two arms studying TAVR in patients
deemed either inoperable or high risk for surgery. In the
inoperable-surgical-risk arm, the superiority of Edwards
SAPIEN balloon-expandable TAVR valve over medical
treatment alone was demonstrated, while the high-surgical-
risk arm showed non-inferior results for TAVR as compared
to surgical aortic valve replacement (SAVR) (2,3). The
CoreValve US Pivotal trial went one step further by showing
the superiority of TAVR with a self-expandable CoreValve
over SAVR in patients at high-surgical-risk for surgery (4).
The 2014 American College of Cardiology/American
Heart Association (ACC/AHA) guidelines for patients
with valvular heart disease recognized the results of these
clinical trials and included TAVR as a class I indication in
patients with severe symptomatic AS considered prohibited
risk of surgery; and as a reasonable alternative to SAVR in
high-surgical-risk patients (5). Since then, TAVR has made
rapid strides in both technological advances and operator
experience, and has expanded its reach to the intermediate-
surgical-risk patients (6,7). The PARTNER 2 trial compared
outcomes of TAVR using the SAPIEN XT valve system
against SAVR and showed similar overall outcomes in the
two groups with respect to primary end points (death and
stroke) in 2 years, although results favored TAVR in patients
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undergoing TAVR through the transfemoral route (6).
In addition, TAVR also resulted in fewer bleeding
complications; lower rates of acute kidney injury and new
onset atrial fibrillation; shorter hospitalization and intensive
care stay and larger aortic valve areas when compared to
surgery. In comparison, it was noted to have a higher rate of
paravalvular regurgitation (PVR), pacemaker implantations,
and vascular complications.

Recently, Carnero-Alcizar et al. conducted a large meta-
analysis comparing outcomes between TAVR and SAVR in
patients with moderate to high surgical risk, irrespective of
the type of valve and the route of access (8). This analysis
comparing the two interventions included 45 studies and
20,224 patients. Studies included in this analysis had the
Society of Thoracic Surgeons (STS) scores >4% or logistic
European system for cardiac operative risk evaluation
(EuroSCORE) >10%. In this meta-analysis, the rates of
mortality and neurological complications were found to
be comparable between the two interventions. The rates
of bleeding and acute kidney injury were favorable for
the TAVR group as compared to SAVR. Conversely, the
rate of vascular complications, need for new pacemaker
implantations, and residual aortic regurgitation (AR)
favored the SAVR group. The investigators also compared
hemodynamic performance of the two interventions
and found TAVR to be superior due to lower trans-
prosthetic gradients. They also conducted a subset analysis
comparing TAVR against the sutureless AVR (SuAVR) and
found SuAVR to have lower rates of early mortality and
comparable rates of bleeding when compared to TAVR.
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Figure 1 Image demonstrating the Medtronic Evolut R valve and its recapturable mechanism.

Although the rates of neurological complications for
SAVR have been relatively stable over the years, the rates
of neurological complications with TAVR have steadily
declined since the initial reports from the PARTNER trial
(9,10). A meta-analysis evaluating the trend in the rates of
neurological complications for patients undergoing TAVR
found a significant decline in rates of stroke attributable to
improved valve designs and operator experiences (11).

A recent report from the PORTICO IDE trial raised
concern about the possibility of TAVR valve leaflet
thrombosis after one patient suffered a stroke following
TAVR and was noted to have reduced leaflet motion on
computed tomography (CT) and another asymptomatic
patient was discovered to have a similar finding (12).
Close scrutiny including multiple CT images revealed
that reduced leaflet motion is more common than initially
assumed. Cases of reduced leaflet motion due to thrombosis
seem to resolve with anticoagulation, giving rise to the
theory that subclinical thrombosis is the underlying
mechanism for the reduced leaflet motion. Antithrombotic
therapy after surgically implanted bioprosthesis has been
well defined. This, however, was not true for antithrombotic
therapy after TAVR. There are wide variations in the
antithrombotic therapy used after TAVR. Ongoing trials,
such as the ARTE trial, GALILEO trial and CLOE trial
will shed more light on this issue and may result in future
strategies to prevent subclinical thrombosis in patients after
TAVR.

Carnero-Alcizar and colleagues also found higher rates
of vascular complications and PVR in patients with TAVR
as compared to SAVR. Although these findings were parallel
to the findings of most of the previous trials, the studies
included in the analysis mostly utilized older generation
valves. Over the years, the larger sheaths employed during
deployment of the older generation valves have been
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replaced with the low-profile delivery mechanisms both for
the balloon-expandable and self-expandable valves. This was
seen in the Sapien 3 (S3) observational study which found
comparable rates of vascular complications between TAVR
with the low profile S3 valve and SAVR (9,10). The S3 valve
also carries the advantage of the polytetrafluoroethylene
(PTFE) skirt which has been shown to reduce the rates of
PVR, a feature not present in the earlier generation Sapien
valves (9,10). Because of very favorable results of the S3
valve in the intermediate risk cohort, the Food and Drug
Administration (FDA) recently approved the S3 valve for
use in intermediate-surgical-risk patients.

The Evolut R valve, the newer generation self-expandable
valve, carries the benefit of a low profile delivery, which will
likely transfer into a lower risk of vascular complications as
well. In addition, the repositionable and retrievable nature
of the Evolut R valve gives operators an additional level
of confidence while deploying the percutaneous valves
(Figure 1). The early experiences with Evolut R in the US
have shown encouraging results (13). The results of the
SURTAVI trial, which is studying this valve in intermediate
risk patients, are expected soon.

Carnero-Alcizar et al. also found significantly higher
rates of pacemaker implantations with the TAVR valve. A
study by Siontis ez 4/. found the complication to be 2.5 times
more common with the self-expandable valve as compared
to balloon expandable valve, a finding reciprocated by
a meta-analysis as well (14,15). Deeper implantation
into the left ventricular outflow tract and the continual
outward radial force applied by the valves are possible
reasons for these higher rates with the self-expandable
valve as compared to balloon expandable valve (14).
The rates of permanent pacemaker implantation and
conduction abnormalities were found to be higher with the
new S3 system, as compared to older generation balloon
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expandable valves. This is felt to be due to prosthesis
oversizing, the presence of the outer skirt, and the depth of
the implantation into the left ventricular outflow tract (16).
The higher rates of pacemaker implantation with the newer
generation valves are a cause of concern and will have to be
addressed.

Recognizing the need for minimally invasive approaches
after the advent of TAVR, SuAVR has recently emerged
as a feasible alternative in high-surgical-risk patients.
Sutureless prostheses reduce the need for sutures after
annular decalcification and reduce aortic cross-clamp and
cardiopulmonary bypass (CPB) duration (17). In cardiac
surgery, prolonged CPB and cross-clamp durations are
strong independent risk factors for postoperative mortality
and morbidity (18,19). These detrimental effects are further
augmented in patients with multiple co-morbidities. This can
potentially explain the lower rates of mortality with SuAVR as
compared to TAVR in the analysis by Carnero-Alcidzar et al.
As compared to TAVR, SuAVR was found to have
comparable rates of bleeding complications. Furthermore,
the benefit of TAVR in terms of lower rates of acute renal
failure was attenuated when compared to SuAVR alone.
The reduced rates of bleeding with SuAVR were attributed
to limited wound bleeding due to the minimally invasive
technique used, a mechanism similar to TAVR (20). Lower
rates of bleeding have been associated with reduced rates
of acute renal failure, which can explain the lower rates of
acute renal failure with SuUAVR as well (21,22). However,
SuAVR suffered from the higher rates of pacemaker
implantation rates as seen with TAVR. The mechanism
is again similar to TAVR as SuAVR is performed by the
deployment of balloon-expandable or self-expandable
stents. Despite some success in observational studies, the
practical application of SuAVR remains limited due to the
lack of randomized trials and data on durability.

Currently, SAVR continues to be the only modality
approved for patients with low surgical risk of surgery.
There is a scarcity of data for TAVR in lower-surgical-risk
patients with only a small meta-analysis showing reasonable
outcomes for TAVR in short-term (23). The valves used
for TAVR and SuAVR continue to lack data on durability
which is crucial in younger, lower risk patients with longer
life expectancy. A 2016 report from Dvir et al. raised
concerns about the TAVR valve, showing the degeneration
rates at almost 50% in 8 years (24). Issues have been raised
regarding the mechanical effect of balloon-expansion on
valve degeneration (25). However, other reports such as
the report by Douglas et 4l. from the PARTNER ECHO
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registry have calmed down some of these doubts by
showing reasonable levels of degeneration and showing
re-intervention and mortality to be associated with
pre-TAVR low ejection fraction and low stroke volumes rather
than valve degeneration (26). Italian TAVR investigators
were amongst the first to use the self-expandable CoreValve
and did not show significant valve deterioration at the 5-year
period (27). Another challenge for expanding TAVR in to
the lower risk cohort will be the high prevalence of bicuspid
aortic valves in the younger age group. The extreme and
asymmetrical calcification often seen with bicuspid valves
can prevent adequate expansion of the valve frame and affect
valve hemodynamics leading to higher aortic valve gradients
and higher paravalvular leaks (PVL); whereas the higher
incidence of aortopathy associated with bicuspid AS can lead
to higher rates of aortic dissection (28). Although new data
have emerged showing the feasibility in performing TAVR
in bicuspid valves with newer generation TAVR valves (29),
there will be little tolerance for adverse outcomes for the low-
risk category patients as they will continue to be excellent
candidates for surgery. In the meantime, clinical trials
involving both the Medtronic CoreValve Evolut R system
(NCT02701283) and the Edwards S3 system (PARTNER
3 trial, NCT02675114) in low-risk patients are currently
ongoing.

The evolution of valve prosthesis, lower profile delivery
systems, and increasing operator experiences have extended
the reach of minimally invasive valve replacement via
transcatheter methods to intermediate-surgical-risk patients
in addition to inoperable and high risk patients with very
favorable results. The goal to extend TAVR to low risk
patients will largely depend on results of durability and the
feasibility in bicuspid aortic valves (30). This meta-analysis
helps guide our expansion of this technology while we await
the results of the randomized clinical trials.
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