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Abstract: Transcatheter aortic valve replacement (TAVR) for the treatment of severe symptomatic

aortic stenosis (AS) has rapidly become the standard of care for expanding clinical indications based on

the results of multiple large-scale randomized trials. Patients with bicuspid aortic valve (BAV) have been

largely excluded from these trials for a variety of reasons. However, case series and registry data has shown

TAVR in BAV to be a safe and efficacious alternative to surgical aortic valve replacement (SAVR) with the

possible caveats of increased paravalvular regurgitation (PVR) and need for permanent pacemaker (PPM)

implantation. Randomized trials are needed to determine the ultimate utility of TAVR in patients with BAV.
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Introduction

First performed in 2002 under compassionate-use
conditions (1), the transcatheter aortic valve replacement
(TAVR) field for severe symptomatic aortic stenosis (AS)
has rapidly evolved with the development of improved
transcatheter valve technologies, safer vascular access, and
facilitated implantation techniques, all resulting in better
clinical outcomes. While initially used only in inoperable
patients or those with high surgical risk (2,3), clinical trials
demonstrating the equivalence and/or superiority of TAVR
compared to surgical aortic valve replacement (SAVR) in
intermediate-risk patients (4,5) have expanded clinical use
indications (6). Moreover, there are several ongoing clinical
trials in low-risk patients which potentially will justify
the use of TAVR in AS patients who are younger and are
currently treated by SAVR.

Bicuspid aortic valve (BAV) is the most frequently
occurring congenital heart defect and has a prevalence
of 0.5-2.0% in the overall population (7). BAV can be
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associated with both AS and aortic regurgitation (AR).
In more than 50% of cases, BAV is associated with aortic
root and/or ascending aorta dilatation (8). Though most
commonly seen in patients who are younger (<60 years)
requiring SAVR, the proportion of elderly patients
(>80 years of age) who have a congenitally bicuspid valve
may be as high as 20% (9). Historically, due to their
younger age, lower surgical risk, and more challenging
anatomy, patients with BAV have been treated largely with
SAVR, and have been excluded from all large-scale clinical
trials comparing TAVR to SAVR. However, recent registry
data and observational studies suggest that TAVR may be a
feasible option for the treatment of BAV in certain anatomic
situations, with the caveats of possibly increased PVR and/
or aortic annulus or root injury (10).

Screening and planning

TAVR in BAV remains challenging due to a variety of
anatomic and procedural factors. First, the more elliptical,
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Figure 1 Bicuspid aortic valve classification (13). L, left coronary cusp; N, non-coronary cusp; R, right coronary cusp.

as opposed to circular, nature of the aortic annulus that
frequently accompanies BAV, along with the enlarged
anatomy of the aortic root and ascending aorta make it
more difficult to position and anchor a transcatheter valve.
Second, during valve deployment, the valve frame can be
asymmetrically or incompletely expanded and apposed due to
patterns of asymmetric and excessive calcification of the valve
and the aortic valvular complex. This may result in impaired
hemodynamic outcomes (either increased transvalvular
gradient or PVR) (11). Third, there is an increased risk of
damage to the aortic root and ascending aorta during pre-
dilatation valvuloplasty, valve deployment, and post-dilatation
(11,12). These factors underscore the importance of pre-
procedural planning with multi-modality imaging, with an
emphasis on pre-procedural computed tomography (CT).
Congenital bicuspid valve morphology is seen well on
high-resolution CT and is most commonly described by
the Sievers and Schmidtke classification (types 0, 1, and 2)
based on the number of raphe present (13) (Figure I). The
increased use of high-resolution CT has allowed a better
understanding of bicuspid anatomy in patients undergoing
evaluation for valve replacement, particularly when
visualization of the aortic valve by standard transthoracic
echocardiography is limited. In patients undergoing TAVR
evaluation, CT also permits a comparison between bicuspid
and tricuspid valves that may have procedural implications.
In one study comparing patients with bicuspid (n=200) and
tricuspid (n=200) valves, bicuspid valves were surprisingly
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less elliptical than expected, though with larger annular
areas (521 vs. 463 mm’) and more eccentric calcification
than tricuspid valves (14,15). Other studies examining CT
characteristics of BAV before and after TAVR have shown
bicuspid valves to be more elliptical than tricuspid valves
with less complete valve expansion during TAVR, but with
comparable valve function (16).

Outcomes

SAVR has long been the treatment of choice for patients
with BAV and has excellent operative outcomes (17).
Although randomized trials have established TAVR as the
standard treatment for patients at high and intermediate
surgical risk (3,4), these trials have excluded congenital
bicuspid AS due to its unique morphological features.
Nevertheless, growing experience, accumulated data, and
technological advancements have led to the expanded use of
TAVR in the BAV patients (18).

The use of TAVR in BAV has been reported in several
case studies and has been associated with increased
PVR (19), valve malapposition (20), and higher rates of
permanent pacemaker (PPM) implantation (15). A recent
meta-analysis of 13 observational studies containing data
on 758 BAV patients showed a device success rate of 95%,
similar to rates seen in the Society of Thoracic Surgery/
American College of Cardiology (STS/ACC) Transcatheter
Valve Therapy (TVT) registry (10,21) (Table 1). The pooled
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incidence of moderate and severe PVR was 12.2% (95%
CI, 3.2% to 24.7%) which is higher than that reported for
tricuspid aortic valves. Early safety events, including all-
cause mortality, stroke, life-threatening bleeding, major
vascular complications, or valve dysfunction, occurred at
equal rates in BAV and tricuspid valves. There was also no
difference in the rate of annular rupture between BAV and
tricuspid aortic valves. However, there was a higher need
for PPM placement in those with BAV (10). Both increased
rates of PPM placement and PVR have been associated
with increased long-term mortality in the tricuspid aortic
valve population after TAVR in some studies (22). The
mechanisms underlying increased PVR and PPM rates are
thought to be due to the elliptical nature of the annulus,
asymmetric cusps, and severe focal calcification seen in BAV
patients.

Technical adjustments during the TAVR procedure are
commonly applied to reduce the likelihood of increased
rates of PVR, PPM placement, and aortic annulus/root
injury. Valve oversizing and overexpansion has been reduced
and valve positioning is more cranial, attempting to anchor
the prosthesis as much in the heavily calcified leaflets as
in the true annulus. These techniques may reduce the
need for PPM implantation and aortic root/annulus injury
but may also exaggerate incomplete apposition and PVR.
Newer generation transcatheter valve types may reduce
PVR due to externally applied skirts or cuffs designed to
improve apposition without increased trauma to aortic valve
structures. In the largest series of TAVR in BAV comparing
first-generation valves without external skirts (Sapien and
CoreValve) to second-generation valves with external skirts
(Sapien 3 and Lotus) there was a decrease in PVR from
8.5% to 0.0% (P=0.002) (23). More data is needed with the
newer generation of devices to see if design modifications
and newer techniques can improve outcomes after TAVR in
BAV patients.

There are no intermediate- or long-term comparative
survival data in BAV patients treated with TAVR, as studies
have been limited by the young age of BAV patients and
less frequent comorbidities compared with the tricuspid
AS population. However, a recent study comparing the
outcomes of TAVR between the BAV and tricuspid AS
populations using propensity-score matching showed
patients with BAV had more frequent conversion to surgery
compared to those with tricuspid AS [2.0% wvs. 0.2%;
OR 11.00; 95% CI, (1.42-85.20); P=0.006] and the need
for second valve implantation [4.8% vs. 1.5%; OR 3.71;
95% CI, (1.61-8.56); P=0.002], and moderate or severe
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paravalvular leak [10.4% vs. 6.8%; OR 1.61; 95% CI,
(1.04-2.48); P=0.04], leading to lower device success rate
[85.3% vs. 91.4%; OR 0.54; 95% CI, (0.37-0.80)] (24).
The cumulative all-cause mortality rates at 2-year follow-
up were comparable between the bicuspid and tricuspid
AS groups (17.2% vs. 19.4%; P=0.28) (24). Given the
higher prevalence of bicuspid AS in a younger population,
expanding the use of TAVR to this group warrants longer
term durability data and possibly a randomized trial versus
SAVR alternatives (25).

Conclusions

Although AS due to BAV was previously considered a
relative contraindication for TAVR, multiple series have
shown TAVR to be feasible, reasonably safe, and efficacious
in the BAV population. While higher rates of PVL and
need for PPM were seen in first generation devices,
advanced techniques and newer-generation devices have
been associated with improved device success rates with
fewer complications. The ultimate utility and safety of
TAVR as an initial treatment strategy for patients with
BAV will require larger studies to evaluate the long-term
outcomes and durability of TAVR in comparison to surgical
alternatives.
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