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Systematic Approach Toward
Transcatheter Treatment of
BAV Disease
One Size Does Not Fit All*
Saif Anwaruddin, MD, Nimesh Desai, MD, PHD
A s the field of transcatheter valve repair/
replacement takes hold and expands at a
feverish pace, it remains imperative that we

endeavor to preserve the exacting standards that led
to its success. Transcatheter aortic valve replacement
(TAVR) has revolutionized the care of patients with
aortic stenosis. First-generation devices were pre-
dominantly used in higher-risk patients due to the
requirement for surgical access and concerns about
paravalvular leak and durability (1). Iterative ad-
vances in TAVR technology have enabled its routine
use in a wider variety of patients with severe aortic
stenosis, and recent trials have shown noninferiority
to surgical aortic valve replacement (SAVR) in low-
risk patients (2,3). However, randomized trials
comparing TAVR with SAVR have excluded patients
with bicuspid aortic valves and have predominantly
enrolled older patients. Among patients under age
70 years who are undergoing surgical aortic valve
replacement for stenosis, up to 50% are bicuspid var-
iants (4). While bicuspid aortic valve stenosis repre-
sents another potential target for TAVR with
emerging data touting its utility, we should not
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view this disease complex as simply a slight depar-
ture from the standard trileaflet degenerative aortic
valve stenosis.

Several features of bicuspid valves raise concern
when considering TAVR therapy for severe stenosis.
At the annular level, bicuspid valves often have
extremely large annuli that are too large for on-label
use of current commercially available TAVR devices.
The annulus of the bicuspid valve is also highly
elliptical compared to trileaflet aortic valves, raising
concern about paravalvular leaks at the commissures
when placing valves designed to conform for more
circular landing zones. The leaflets of the bicuspid
valve often have severe, bulky calcification that
frequently extends beyond the leaflet insertion and
deep into the left ventricular outflow tract. Severe
calcification of the aorto-mitral curtain may even
extend several centimeters onto the anterior leaflet of
the mitral valve in such cases. The majority of ste-
notic bicuspid valves have a fused raphe that is
typically fibrotic and heavily calcified. Stiff fibrotic
raphe tissue cannot reliably be pushed over to the
aortic wall in the same way as a degenerated leaflet in
a trileaflet valve, and in combination with severe
bulky calcification may cause highly asymmetric
valve expansion into the nonconjoined sinus. These
features increase risk for both paravalvular leak and,
more concerningly, annular rupture.

Concomitant aortopathy is also common among
patients with bicuspid valves and may be related to
embryological differences in the wall of the aorta and
flow dynamic phenomena through the valve causing
abnormal loading on the aortic wall. A total of 20% to
30% of patients with bicuspid aortic valves have sig-
nificant aortopathy (5). Current guidelines recom-
mend ascending aortic replacement with concomitant
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FIGURE 1 Decision Pathway for Bicuspid Aortic Stenosis
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Unsuitable anatomy for transcatheter aortic valve replacement (TAVR): 1) the presence of excessively large annulus; 2) bulky leaflet, raphe, or left ventricular outflow

tract calcification; or 3) the presence of >1 raphe or fused commissure. SAVR ¼ surgical aortic valve replacement.
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SAVR at 4.5 cm and between 5 and 5.5 cm for
ascending aortic aneurysm without a primary valve
indication (6,7). In addition to the late risk for aortic
complications, aneurysmal dilatation of the root or
ascending aorta may complicate TAVR placement due
to eccentric dilation of the noncoronary sinus causing
significant angulation and a very horizontal valve
plane.
SEE PAGE 1018
In the study by Yoon et al. (8) in this issue of the
Journal, from the voluntary International Bicuspid
Aortic Valve Stenosis Registry, we gain further insight
into the impact of the various anatomic features on
outcomes of TAVR in bicuspid valve patients (8). This
study is unique in that it is a large multicenter
collaboration with a central core laboratory adjudi-
cation of the pre-procedural anatomy as opposed to
site-reported data seen in other registry reports. This
study elevates the role for computed tomography
angiography imaging in delineating anatomical sub-
sets within the bicuspid aortic valve cohort that may
be associated with less favorable characteristics for
TAVR. The study also confirms that in patients with
bicuspid aortic valve stenosis who were deemed
anatomically appropriate for TAVR, calcified raphe or
excess leaflet calcium are associated with
significantly worse procedural and 1-year outcomes.
The prognosis of the combination of these anatomic
risk factors was particularly poor.

Unfortunately, this combination of factors is quite
common in patients undergoing surgical valve
replacement for bicuspid stenosis, and studies of
TAVR in patients with bicuspid valves remain highly
selected and not generally representative of the
overall scope of bicuspid valve disease and aortop-
athy. In a recent publication from the Society of
Thoracic Surgeons/American College of Cardiology
Transcatheter Valve Therapy registry by Makkar et al.
(9), the overall proportion of bicuspid valve patients
in the registry was only 3%. By comparison, in rela-
tively contemporary large U.S. Food and Drug
Administration investigational device exemption tri-
als of surgical valves performed before the approval
of TAVR for low- or intermediate-risk patients,
consistently about 30% of patients had bicuspid
aortic valves (10,11). As aortopathy patients were
excluded from these studies, the overall aortic valve
replacement population includes an even larger pro-
portion of patients undergoing aortic valve replace-
ment with concomitant aortic replacement.

When considering the patient, the decision
pathway for choosing TAVR or SAVR for bicuspid
stenosis should include the presence of aortopathy,
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patient surgical risk, patient age as long-term dura-
bility of TAVR is still uncertain, and the presence of
high-risk anatomic features for TAVR (Figure 1). These
higher-risk anatomic features include the presence of
excessively large annulus, bulky leaflet, raphe, or left
ventricular outflow tract calcification; or the presence
of >1 raphe or fused commissure. Among patients
with aortopathy (aortic diameter >4.5 cm), the prog-
nostic benefits of surgery to address the aneurysm
should not be denied to the patient unless they are at
high risk for surgery and have favorable TAVR anat-
omy. Even in such situations, the presence of a large
(>6 cm) aneurysm, which carries a >10% per year
rupture rate, may still warrant a higher-risk surgical
intervention (12).

Among patients without aortopathy, patients who
are lower risk and younger should undergo SAVR,
whereas TAVR is appropriate in lower-risk, older (age
>75 years) patients without high-risk anatomic fea-
tures. Among higher-risk bicuspid patients without
aortopathy, TAVR in the presence of suitable anatomy
is the preferred option. When TAVR is not feasible
due to anatomy, either high-risk surgery or medical
palliation may be appropriate.

As evidence and technology continue to advance,
the broader use of TAVR in a larger proportion of
bicuspid patients may eventually be appropriate.
Critical issues regarding balloon-expandable versus
self-expanding valves and appropriate sizing tech-
niques tailored to particular patient anatomy still
need to be better understood, and long-term out-
comes of TAVR in bicuspid patients warrant careful
further study. Randomized trials of SAVR versus
TAVR in bicuspid patients could potentially address
some of the concerns; however, they will be limited
by very narrow inclusion criteria and are not gener-
alizable to the broader population of patients with
bicuspid aortic valve stenosis. Until then, we need to
provide those with bicuspid aortic stenosis a thor-
ough evaluation of both anatomic and clinical factors
at play and offer individualized and comprehensive
treatment that provides the best outcome over the
long term.
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