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~—ABSTRACTF

In the last few years, transcatheter aortic valve replacement (TAVR) has rapidly become the standard of care
for severe symptomatic aortic stenosis (AS). If initially it was preferred only for high-risk surgical patients, now
even low-risk patients are eligible candidates. There were several factors to consider why patients with bicuspid
aortic valves (BAVs) were omitted from these trials. However, it should be noted that bicuspid AS is not unusual
among patients who experience transcatheter valve implantation. The TAVR procedure in BAV is a reliable and
safe treatment option for surgical aortic valve replacement (SAVR) but it is associated with an elevated incidence
of paravalvular requrgitation (PVR) and the likelihood of implanting a permanent pacemaker. Bicuspid valves do
not appear to be a contraindication to TAVI according to current data, but further specific clinical trials will be

required to confirm this conclusion.
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INTRODUCTION

icuspid aortic valves (BAVs) are usually
diagnosed in young adults; however,
they may also manifest themselves in
older adults. In the case of BAVs, ste-
nosis or regurgitation can occur, which
is usually associated with a large aorta (1). There
is an increased prevalence of congenital bicuspid
valves observed in patients with aortic stenosis
(AS) under the age of 60 years. The utilization of

transcatheter valves for severe AS symptoms has
substantially advanced since 2002. This has led
to improvements in transcatheter valve technolo-
gies, facilitating vascular access, and providing
simpler implantation procedures (2). All of these
have resulted in improved clinical outcomes
since they were first performed under compas-
sionate-use conditions. The indications of TAVR
were formerly limited to patients who were con-
sidered an inoperable or high surgical risk (3, 4)
but recent studies have established that it was
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comparable to, or superior to, SAVR in interme-
diate-risk patients (5, 6), therefore extending its
therapeutic application. There are several on-
going clinical trials in low-risk patients that may
justify the use of TAVR in AS patients. Transca-
theter aortic valve replacement may be a viable
option for therapeutic intervention for AS pa-
tients based on the results of several recent clini-
cal trials in low-risk patients. Forrest et al sugges-
ted that transcatheter aortic valve implantation
resulted in promising 30-day results, significant
decreases in mortality and stroke rates, and si-
gnificant success rates among low-surgical risk
patients with BAV stenosis (7).

A description of the anatomical structure of
the bicuspid valve

The technique for TAVR in BAV continues to be
a challenge due to a combination of anatomical
and technical aspects. As a starting point, the
predominantly elliptical than spherical shape of
the aortic annulus usually encountered with BAV,
in conjunction with the enlarged dimensions of
the ascending aorta and root, makes placement
and attachment of a transcatheter valve more
difficult (8, 9).

Aortic valvular irregularities and dissymmetri-
cal calcification patterns could contribute to the
valve body being misaligned or inadequately
expanded and positioned during valve place-
ment. The aortic root and ascending aorta are
more likely to be harmed following pre-dilata-
tion valvuloplasty, valve deployment, and
post-dilatation (10). High-resolution computed
tomography (CT) has a better understanding of
bicuspid AS. Computed tomography facilitates
the assessment of the condition in numerous pa-
tients for whom standard echocardiographic
imaging is inappropriate. Sievers and Schmidtke's
classification (11) of congenital bicuspid valve
features (which is able to be clearly recognized
by CT) distinguishes the three main variants of
the congenital bicuspid valve (types 0, 1, 2) based
on the presence or absence of seam-like raphes
that connect the leaflets in the valve (Figure 1)
(12). In terms of bicuspid valve morphologies,
ethnicity appears to play a significant role.
Jilaihawi et al suggested that those who had
type 0 morphology were found to be more fre-
quent in China (13), whereas those with type 1
morphology exceeded 50% of patients in most
published series from Western countries.
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FIGURE 1. Sievers classification of BAV — figure adapted from (12).
AP=anteroposterior; L=left coronary cusp; N=noncoronary cusp;

R=right coronary cusp

Phillip et al reported that aortic annuli were
less elliptical in bicuspid valves relative to tricus-
pid valves (ellipticity index 1.24 versus 1.29)
(14). According to this investigation, the annular
area of subjects with bicuspid valves was signifi-
cantly greater (5.21 cm? vs. 4.63 c¢cm?), and ec-
centric calcium accumulation was more preva-
lent in patients with bicuspid valves. It is
important to underline that in a large series of
bicuspid patients, the annular dimensions do not
exceed those commonly treated with commer-
cially available TAVI devices (15-17).

Procedural approach

Considering the annular characteristics of both
lesions, the selection of a TAVI device for bicus-
pid AS is similar to the selection of a TAVI device
for tricuspid AS (18). In contrast, the deployment
of the device is more complex due to the irregu-
lar and asymmetric appearance of the cusps on
angiography, which may result in mispositioning,
paravalvular regurgitation, and an increased
need for pacemakers following TAVI. Anatomical
parameters of the bicuspid valve are likely to im-
pact TAVI device expansion. In a study of 15 pa-
tients treated with an expandable device,
Himbert et al reported that the annular expan-
sion was not circular (19). In a bicuspid orifice,
non-circular expansion may be more common
with self-expanding valves (16), perhaps due to
the irregular shape and forces exerted. In the la-
test transcatheter valve devices, exteriorly at-
tached skirts or cuffs are able to prevent PVR by
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increasing apposition without producing addi-
tional damage to the aortic valve architecture. A
study investigating the first-generation valves
without external skirts (Sapien and CoreValve)
with the second-generation valves with external
skirts (Sapien 3 and Lotus) reported a significant
reduction in PVR from 8.5% to 0.0% (20). A
new-generation balloon-expandable valve also
exhibits an asymmetric longitudinal expansion,
but there is no information regarding the degree
of expansion of the annulus in these devices
(17).Q

OUTCOMES

n patients with BAV, a number of case reports

have documented a higher PVR, valve mis-
placement, and permanent pacemaker implan-
tation after TAVR (15, 21, 22).

The Society of Thoracic Surgery/American
College of Cardiology (STS/ACC) Transcatheter
Valve Therapy (TVT) registry reported a 95% pro-
cedure success rate according to a meta-analysis
of 13 observational research papers (758 BAV
patients) (23, 24).In this study, there was a si-
gnificantly greater proportion of moderate and
severe PVR than that observed for the tricuspid
aortic valve (95% Cl, 3.2% to 24.7%). A compa-
rable rate of early safety complications was doc-
umented in the BAV and tricuspid valves. These
complications consisted of all-cause mortality,
stroke, life-threatening bleeding, major vascular
complications, or valve dysfunction. In addition,
there was no variation in the occurrence of an-
nular rupture between the BAV and the tricuspid
aortic valve. In opposition, there was an in-
creased requirement for PPM placement com-
pared to those with BAV, recent large series have
reported a new pacemaker rate of 17-29%
(15, 17, 21, 25, 26). Pacemaker implantation
rates may be higher because of difficulty in
achieving the exact height of the implantation
due to irregular shapes of the leaflets on fluoro-
scopy. As a consequence, there may be a lower
level of implantation, which is known to increase
the rates of pacemaker implantation. In patients
treated with SAPIEN 3 TAVI, the depth of im-

plantation was assessed. Lower implantations
(8 mm below the annulus) were associated with
higher pacemaker rates (17).

It has been suggested that the most common
type of bicuspid valve (right-left fusion) may
exert greater forces on the membranous septum
and the conduction system, resulting in a higher
requirement for pacemaker implantation (15).
As BAV patients are usually young and have few-
er comorbid conditions than tricuspid AS pa-
tients, there are no long-term outcome data
available for BAV subjects following the TAVR
procedure. By contrast to patients with tricuspid
AS, those with BAV had an increased rate of
switching to surgery following TAV [2.0% vs.
0.2%; P=0.006], and moderate or severe para-
valvular leak [10.4% vs. 6.8%; P=0.04], and the
necessity for second valve implantation [4.8% vs.
1.5%; P=0.002] resulting in reduced device suc-
cess rate [85.3% vs. 91.4%] (15).After two years,
the average mortality rates for the bicuspid and
tricuspid AS cohorts were almost identical (17.2%
and 19.4%, respectively; P=0.28) (22).

CONCLUSION

ven though AS caused by BAV was formerly

seen as a relative contraindication for TAVR,
now TAVR is an option, with viable outcomes,
and safe in the BAV population. The implemen-
tation of more advanced techniques and equip-
ment has led to an improvement in device suc-
cess rates and decreased complication rates.

The trend in favor of TAVI being recommen-
ded to younger, low-risk patients is predicted to
culminate in a significant share of patients with
bicuspid AS becoming treated with TAVI. There
will be a need for more extensive research to
evaluate the long-term benefits, feasibility, and
reliability of TAVR in comparison with surgical
procedures as a first-line treatment approach for
patients with BAV. U
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