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TAV R

What Are Your Main 
Concerns When Treating 
a Bicuspid Aortic Stenosis 
Patient With TAVR?
With Hasan Jilaihawi, MD, MRCP (UK), and Raj Makkar, MD, FACC

The first-in-human transcatheter aortic valve replace-
ment (TAVR) was a 57-year-old man in cardiogenic shock 
with bicuspid aortic valve (BAV) stenosis, performed 
antegrade without rapid pacing by Alain Cribier in 2002.1 
Despite this precocious application of the technology, the 
progress of TAVR in BAV has been extremely cautious 
since then. Both balloon-expandable and self-expanding 
TAVR have shown superiority or noninferiority to surgi-
cal aortic valve replacement in multiple multicenter ran-
domized clinical trials in patients with low, intermediate, 
and high surgical risk.2-7 However, such trials have focused 
on tricuspid aortic valve anatomy, excluding BAV, and 
have been restricted in low surgical risk cohorts to older 
patients, mainly those aged > 65 years. 

Despite this, TAVR is approved for use in BAV anat-
omy, after a few small industry-sponsored registries in 

highly selected patients and large proportions of ana-
tomically excluded cases.8,9 Fortunately, large postmar-
ket registries have demonstrated similarly favorable out-
comes for TAVR in BAV and tricuspid aortic valve.10,11 
This includes balloon-expandable data from the TVT 
registry,10 which studied 37,660 low-surgical-risk 
patients. Notably, only 8.6% from this cohort had BAV, 
in comparison to historical data from valves excised at 
the time of AVR demonstrating 59% of men and 46% of 
women with unicuspid/BAV morphology.12 

This illustrates the careful application of TAVR in 
BAV by heart teams and highlights judicious concerns 
by heart teams that appropriately remain. These prin-
cipal concerns focus on serious complications that can 
occur and be avoided through careful CT-guided case 
selection or procedural modification (Figure 1), with 
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individual evaluation of the imaging-based TAVR risk 
and contextualization with the more established surgi-
cal risk matrix. 

AORTOPATHY AND AORTIC INJURY
Ye et al reported a multicenter retrospective cohort 

study of 875 patients (predominantly from the Mayo 
Clinic Health System) with a BAV ascending aorta (AA) 
diameter ≥ 50 mm.13 In their cohort of predominantly 
(86%) male patients with a mean age of 60 years and 
mean follow-up of 7.5 years (interquartile range, 4-12), 
they reported, reassuringly, that the rate of dissection for 
patients with unoperated aortopathy was low at 1.8% 
and similar to the 1.9% risk of surgery; however, moder-
ate or severe aortic stenosis conferred a twofold hazard 
ratio of aortic dissection. 

In contrast, prognostic concerns have been raised for 
TAVR in the presence of aortopathy. Jia et al recently 
reported in a single-center research letter of 261 BAV 
patients undergoing TAVR that an absolute maximal AA 
diameter ≥ 45 mm was univariately associated with a 
4.4-fold increased mortality risk after TAVR at a median 
follow-up of 3 years, with survival curves diverging early 
and continuing to diverge beyond 1 year.14 A larger 
multicenter study of > 1,000 patients showed a signal 
for increased 2-year cardiovascular mortality with an AA 
≥ 45 mm (hazard ratio, 2.78; 95% CI, 1.39-5.56; P = .004).15 
However, this was not significant on multivariate correc-

tion including factors such as calcified raphe, which was 
noted to be associated with AA dilatation.15 Also notable 
in this study, AA ≥ 45 mm was associated with moderate 
or severe paravalvular regurgitation (PVR) after TAVR, a 
long-established prognostic indicator after TAVR in tri-
cuspid aortic valve.15,16

Regardless of the questions that remain, the totality 
of these data means that aortopathy remains one of 
our main concerns for TAVR in BAV, both at the time 
of the procedure (with a strict “no touch” approach in 
the presence of any AA dilatation for the optimization 
of immediate procedural outcomes with minimization 
of PVR and residual stenosis) and for close follow-up for 
progression of AA dilatation. 

AORTIC ROOT/ANNULAR INJURY, PVR, 
EMBOLIZATION, AND THE IMPORTANCE  
OF SIZING

Aortic root or annular injury, PVR, and embolization 
are long-appreciated serious, prognostically important 
complications that fortunately have diminished greatly 
with the optimization of TAVR sizing and contemporary 
device iterations.16-18 Greater concern for these complica-
tions in BAV stems from the presence of eccentric and 
sometimes extreme supra-annular calcium, as well as 
asymmetric root morphology and dilatation.19 In view of 
these factors, TAVR sizing for BAV still raises considerable 
confusion and less predictability of outcomes than in 

Figure 1.  Serious complications after TAVR in BAV are predicted by CT parameters. Aortic dissection may 
be influenced by aortic dimension or angulation. Aortic root injury, PVR, and embolization are multifacto-
rial and influenced by annular and inter-commissural dimensions, leaflet asymmetry and calcification, and 
raphe and left ventricular outflow tract calcification. Coronary obstruction may be influenced by coronary 
height, sinus of Valsalva width, and TAVR frame-leaflet interaction. Features of “red light” high TAVR risk 
may include severe raphe and leaflet calcium, whereas “green light” low TAVR risk cases do not have severe 
calcification and may have a “forme fruste” or “tricommissural” appearance with a V-shaped rather than slit-
shaped orifice. LVOT, left ventricular outflow tract; SOV, sinus of Valsalva.



66 CARDIAC INTERVENTIONS TODAY MARCH/APRIL 2024 VOL. 18, NO. 2

TAV R

tricuspid aortic valve. While some operators have favored 
well-defined annular sizing, others have abandoned 
this approach for less reproducible “supra-annular” siz-
ing based on measurements at the level of the leaflets. 
The evidence thus far for optimal outcomes supports a 
modified annular sizing approach based on the annulus 
as well as a reproducible supra-annular measurement of 
intercommissural distance but with consideration of the 
pattern and extent of leaflet calcification.19,20 Recently, 
risk stratification in the form of “CT phenotyping” (most 
notably taking into account the extent of raphe and leaf-
let calcification) has helped identify not only “low TAVR 
risk” or “green light” cases in which annular sizing and 
frame expansion is more predictable19,21 but also “high 
TAVR risk” or “red light” cases in which annular sizing 
is less predictable.15 The latter cohort, not infrequently 
observed, remains one of our main concerns, less so in 
patients who have a surgical alternative to be directed to 
but rather in those who do not have a straightforward 
surgical option.

CORONARY OBSTRUCTION
Coronary obstruction is also a well-established, serious, 

and fortunately rare complication for TAVR in tricus-
pid aortic valve.22 In native TAVR, as for valve-in-valve, 
CT-derived measurements such as valve-to–coronary 
artery dimension (VTC) and coronary height are impor-
tant predictors of coronary obstruction.23 Fortunately, 
in this respect, BAV is associated with taller coronary 
heights and larger sinus and, hence, VTC dimensions 
than tricuspid aortic valve. Nevertheless, when small 
sinus dimensions or borderline coronary heights are 
observed, concerns should be raised by the heart team 
as one factor favoring surgery in surgical candidates 
or procedural modification in nonsurgical candidates. 
Moreover, the presence of asymmetric calcium can result 
in asymmetric and sometimes unpredictable deployment 
with stent frame bias toward one coronary or the other. 

CONCLUSION
TAVR can achieve excellent outcomes in highly 

selected patients with BAV anatomy. Our main concerns 
focus on the avoidance of serious complications in this 
heterogeneous group that is often younger and at lower 
surgical risk. We have only touched the surface of optimi-

zation of TAVR in this cohort, and expanded series with 
more sophisticated case selection and procedural modi-
fication algorithms will hopefully result in greater stan-
dardization and predictability of outcomes in a broader 
cohort of patients.  n
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