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Outcomes After TAVR in Bicuspid Versus Tricuspid Anatomy

1-year survival

Between January
1, 2000, and April
1,2020, 17
studies and
181,433 patients
undergoing TAVR
were included, of
whom 6,669
(3.6%) had BAV
were studied.

Montalto et al.
J Am Coll Cardiol Intv
2021;14:2144-2155

Source RR (95% CI)
Valve type = Self-expandable
Liu (2015) 1.17 [0.36; 3.8]

Yoon (2017)  0.78[0.47; 1.3]
Liao (2017) 1.00 [0.38; 2.6]
Mangieri (2018) 1.43 [0.47; 4.3]
Xiong (2018)  0.88[0.28; 2.7)

Xu (2019) 0.51[0.02; 11.2]
BoFu (2020)  1.12[0.43; 2.9]
Total 0.93[0.66; 1.3]

Heterogeneity: 72 = 1.54 (P = .96), I* = 0%
Valve type = Balloon-expandable
Yoon (2017) 0.77[0.49; 1.2]
Kawamori (2018) 1.74 [0.09; 35.3]
Makkar (2019)  0.86 [0.70; 1.0]
Total 0.84 [0.70; 1.0]
Heterogeneity: -/j =0.38 (P = .83), #=0%

Total 0.86 [0.73; 1.0
Heterogeneity: 72 = 2.15 (P = .99), I* = 0%
Residual heterogeneity: 72 = 1.92 (P = .98), I = 0%

Balloon- vs. Self-expandable valves | Balloon- vs. Self-expandable valves

Source RR (95% Cl)
Valve type = Self-expandable
Liu (2015) 1.36 [0.67; 2.8]

Yoon (2017)  0.83[0.68: 1.0]
Liao (2017) 1.11[0.83; 1.5]
Mangieri (2018) 1.32 [0.80; 2.2)
Xiong (2018)  1.23[0.75; 2.0]

Xu (2019)
Bo Fu(2020)  0.84 [0.27; 2.6]
Total 1.03[0.85; 1.2]

Heterogeneity: /é =6.59 (P = .25), I* = 24%
Valve type = Balloon-expandable

Yoon (2017) 1.37[1.14; 1.6]
Kawamori (2018) 3.62 [2.23; 5.9]

Makkar (2019)  1.23[1.06; 1.4]

Total 1.67[1.13; 2.5]
Heterogeneity: 72 = 17.71 (P < .001), I = 89%
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Source RR (95% Cl)
Valve type = Self-expandable
Liu (2015) 1.38 [1.00; 1.90]
Yoon (2017) 0.88 [0.82; 0.95)
Liao (2017)

Mangieri (2018)

Xiong (2018)

Xu (2019) 1.07 [0.93; 1.24]
Bo Fu (2020) 0.97[0.84; 1.12]
Total 1.01[0.87; 1.17]

Heterogeneity: 72 = 12.94 (P = .005), I* = 77%
Valve type = Balloon-expandable

Yoon (2017) 1.02 [0.98; 1.05]
Kawamori (2018) 1.01 [0.95; 1.06]
Makkar (2019)  1.00 [0.99; 1.01]

Total 1.00 [0.99; 1.01]
Heterogeneity: 52 = 1.21 (P = .55), I* = 0%

Total 0.99 [0.95; 1.03]
Heterogeneity: 72 = 18.88 (P =.004), I* = 68%
Residual heterogeneity: ;é =14.15 (P =.01), 1> =65%
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Total 1.29[1.03; 1.6]
Heterogeneity: 3% = 35.77 (P < .001), I* = 78% ] J
Residual heterogeneily: %2 = 24.30 (P = .001), I*=71% 0.2 0.5 1 2 5
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Relative Risk (95% Cl)

Source RR (95% CI)
Valve type = Self-expandable
Liu (2015) 0.76 [0.03; 17.7]

Yoon (2017)  1.63[1.18; 2.3]
Liao (2017) 2.420.10; 58.4]
Mangieri (2018) 5.42 [1.72; 17.0]

Xiong (2018)

Xu (2019)

Bo Fu (2020) 1.68 [0.52; 5.5]
Total 1.84 [1.26; 2.7]

Heterogeneity: 3% = 4.24 (P = .37), I* = 6%
Valve type = Balloon-expandable

= moderate PVL

Yoon (2017) 0.78 [0.51; 1.2) :
Kawamori (2018) 1.94 [0.21; 18.2] —_——
Makkar (2019)  1.55[0.91; 2.6] HE—
Total 1.11[0.62; 2.0] —
Heterogeneity: 52 = 4.23 (P = .12), I* = 53%
Total 1.51[0.99; 2.3] -
Heterogeneity: 75 = 14.48 (P = .04), I* = 52%
Residual heterogeneity: y3 = 8.47 (P = .21), I* = 29% 0.1 051 2 10
Favors BAV Favors TAV
Relative Risk (35% Cl)




Both SEV and BEV work in TAVR for BAS, but......

ORIGINAL ARTICLE

Balloon Versus Self-Expandable Valve for the

Treatment of Bicuspid Aortic Valve Stenosis
Insights From the BEAT International Collaborative Registry

e Balloon-expandable valves have
higher gradients when used in
bicuspid anatomies and a trend
toward a higher rate of annular
ruptures.

e Self-expandable valves have higher
rate of residual moderate-to-severe
perivalvular regurgitation.

Mangieri et al. Circ Cardiovasc Interv. 2020;13:e008714. DOI:
10.1161/CIRCINTERVENTIONS.119.008714

Balloon vs Self-Expandable valve for the treatment of bicuspid aortic Aortic valve sTenosis
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Bicuspid Aortic Valve Anatomy and Relationship
with Devices (BAVARD method)

New players for size and position in Bicuspid

ICD @ 4mm above annulus is QUIOINAL ARTICLE
the major (longest) axis Bicuspid Aortic Valve Anatomy and Relationship

» With Devices: The BAVARD Multicenter Registry
= Annulus/orifice 80-‘88%

~N] tor Computed

: x ko |
= |ntercommissural diameter i
]
= Bicuspid shape S . | —
‘ i idier ? »

Chiara de Biase, MD*

Given the location of
constraint points, the
landingzone in BAV
patients could run from
the aortic annulusto 4

| | mm aboveit.
ol ICD at 4 mm above
. the annulus for sizing in
[Aoﬂlcannul

BAV patients, at least
type O and type 1
variations.




Calcified raphe and excess leaflet calcification were
associated with increased risk of complications & mortality

JOURNAL OF THE AMERICAN COLLEGE OF CARDIOLOGY
@ 2020 BY THE AMERICAN COLLEGE OF CARDIOLOGY FOUNDATION
PUBLISHED BY ELSEVIER

Bicuspid Aortic Valve Morphology
and Outcomes After Transcatheter
Aortic Valve Replacement

Contemporary devices were implanted:

« Sapien 3 [Edwards Lifesciences],

* Evolut R/Evolut R Pro [Medtronic],

« Acurate [Boston Scientific],
» Lotus/Edge [Boston Scientific], or
» Portico [Abbott Structural Heart]

VOL. 76, NO. 9, 2020
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Calcification matters !!

CENTRAL ILLUSTRATION Death From Any Cause According to Morphological Features

Death From Any Cause, According to Morphogical Features

Calcified Raphe or

Excess Leaflet Excess Leaflet Excess Leaflet

Calcification Calcification Calcification
(31.3%) (42.6 %) (26.0 %)

No Calcified Raphe or

Calcified Raphe Plus

p <0.001 log-rank

All-cause Mortality (%)
N
s

25.7
9.5 |
46 5.9
l—'—

= " 38

0 T T T 1
0 180 360 540 720
Days
= None = Calcified raphe or = Calcified raphe and
excess leaflet calcification excess leaflet calcification

Yoon, S.-H. et al. J Am Coll Cardiol. 2020;76(9):1018-30.

(Top) Schematic presentations of various bicuspid aortic valve morphology. Bicuspid aortic valve with no morphological features (calcified
raphe or excess leaflet calcification), either, or both of these features. (Bottom) All-cause mortality according to the morphological features.
Event rates were calculated with the use of Kaplan-Meier methods and were compared with the log-rank test.




Calcification of R-L fusion raphe in type 1 BAS may cause
asymmetrical THV expansion, resulting in higher rate of PPI

A. Kalra et al. Structural Heart 8 (2024) 100227

a b Dense Calcification
in the R-L raphe

Tricuspid

Mitral Valve

Valve

TAVR Prothesis

Mitral
Valve

Central Fibrous Body AV Bundle
AV Bundle

Figure 3. Potential mechanism of higher rate of pacemaker in BAV. (a) Aortic valve complex in a BAV Sievers 1 configuration with R-L fusion with calcium. (b)
The asymmetrical TAVR expansion resulting from resistant calcific raphe and leaflet fusion may compress the non-coronary cusp toward the conduction fiber pathway

along the central fibrous body.
Abbreviations: BAV, bicuspid aortic valve, TAVR, transcatheter aortic valve replacement.



The Wei’s comprehensive sizing method for BAV @ CHGH

Wei’s Minimum diameter
T * Average diameter = (A + B)/2 =
Comprehensive method for safe anchoring

* Put a virtual ring of that

— . diameter on it for simulation
Supra-annular sizing first

* Choose the end-systolic Valve diameter
phase w/ maximal leaflet ~ (A+B)/2
&

Conventional annular sizing

opening

Stroll up and down from
annulus to the tips of the
leaflets

Identify the Narrowest leaflet
opening level

: o If disagreed
angie: 65.761"/ 204205 (' ll > choose the smaller

 Woel vl derived diameter

b

Plan implantation depth
based on coronary

Max. diameter (approx. intercommissural distance) -- A Ieve.ls:, LV_OT
Min. diameter (shortest distance from leading edge of the leaflet calcification, and length
calcification to the aortic wall) - B of membranous septum

In 2016, Our team found that extensive calcification is common in bicuspid valves,
and it is usually asymmetrically distributed.



Application of Wei’s method in BEV for Bicuspid AV

SEre
> K

-1.5cc

Adjusting S3 Size
by Balloon Volume

for precision
deployment




Balloon sizing in cases with borderline Aim high to avoid conduction
annular size/heavy

calcification/coronary issues! disturbance if no coronary issues.

80-85%
L

) ‘ ] / f
| \ ," { Z

d

Bicuspid *

Bicuspid
S { g

Tricuspid Optimal Initiald 117}
Center Marker Zone

Center Marker
(3 mm)

Balloon sizing can predict the risk of coronary artery occlusion, PVL,
asymmetric valve deployment, annular rupture, and the impact of
the severe asymmetric calcification.

In the case of asymmetric calcification, the valve deploys

In tricuspid implant might vary 80/20-90/10
asymmetrically, often being pushed to the side with less calcification. In biCUSpid implant might Yoy il



Stepwise deployment

R
,{X.’:‘g" Nominal /’/
. N .S;\:\‘\L . Overexpansion ¥
Bulky Asymmetrical K Symmetrical/less

calcification € calcification
Coronary issues 23.5 mm Large sinus

Aim high

-
Underexpansion »
-
Nominal

Slightly below Slightly above

Nominal volume Underfilling 2 mL

\-\1

Anchoring

Balloon sizing
23# balloon

THV selection .. .
Optimization

Overfilling 2 mL Nominal volume



Bicuspid AS (BEV case 1)
Circle method 23 mm S3

Area: 4.158 cm
Mean: 416.700
Min: -117.000 N

Area: 4.200 cm?®
Mean: 331.982
Min: 71.000 Ma;

Mean: 421.080 SDev: ;
Min: 34.000 Max: 1%

Daniel Blackman et al. Cardiol Ther. 2021

BAVARD method 23 mm S3

ICD

Tube Taper

Sizing based on Sizing based on Sizing based on

the annulus the annulus the ICD

Length: 2.527 ¢

ICD=25.3mm
(BAVARD)

Ag=23.3mm

Didiet T et al. Circinterventions. 2019;12: 2007107




Bicuspid AS (BEV case 1)

Wei’'s Comprehensive method

(28.9 + 17.3)/2 = 23.1cm

Length: 17.3
/

\ / [ § Annular diameter

= 23.3mm

BAVARD (ICD 4mm) method may

over-estimated supra-annular size
— overlook some “true taper configuration”

Length: 28.9 &



e Length: 28.9 ri
23.1 L_ength/: 17.3 Tube = 233

23 mm S3 full volume

without predilation  fulllvolume +1 mil Final angiography

HIERARCHICAL-1STORDERPREDICTION 4 2019/7/2 ] ” e - > 2019/7/29, 6:33:50
POSITION E SITION: HFS = e . — 2 . N: HFS ) MADE IN F

Anchoring Optimization




Bicuspid AS (BEV Case 2) SIS Wei's method =24.5mm
« 72ylo male Annular sizing = 28.1mm

« CAD s/p CABG and complex PCIl with ICMP and moderate LVDF,
« Critical AS with AVA 0.8 cm?, MPG 40mmHg
« STS score 12.9% (extreme high risk for surgery)
Excesswe caIC|f|cat|on at leaflets, annulus and LVOT

h Gl WL: 256 WWw: 7 AVIREDT RSy Ac! " :
1! x 183 pdY: 53 x Value: 32600 ‘ k > lAnnulusArea | 618.7 mm? |

: 58.0 ‘ 1 Y: 102 68 mm Z: -3 SeP00nI, = Area Derived Diameter | 281mm
E Annulus Perimeter 90.2 mm

Penm:ter Derived Diameter 2877 mn;

'AnBuI\;s Min Diameter | 23.6 mm

Annulus Max Diameter

udbsuuf oo dbu

Aortic annulus area

2017/10/1 43:59:32
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TAVR + occluders for heavily calcified bicuspid AS

TAVR with a 26mm Sapien 3 valve, underfill 2cc

Se:11

18-0ct-2017 3:59 PM
Kern:126f

ARTERIAL PHASE
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QY : 00y m '

[Uh75PC1024 ™
20 kv
305 mA ’ -
Ti1t:0.00
TERARECON
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TAVR + occluders for heavily calcified bicuspid AS

Post-dilatation with 26mmS3 (underfill 1cc)

Se:11
17-May-20
Kern:126f
ARTERIAL PHA
C:Topamiro

A

%R-R:75

Are

FOV:243.00 m Min: 68
TP75PC0787 Max: 965

Todma SDev: 102 @
Tilt:0.00 Avg. Diameter: 8.90 mm

LAO 111: CAU 25 TERARECON
Parimatdr: 36 8 mm W:1000 L:300

[REUE R rresn

17-May- 20132"1'2*16 oy _ P
Kern:126f .
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R
%R-R:75

FOV:243.00 mm
TP75PC0787
120 kv
1324 mA
Ti1t:0.00
LAO 32: CAU 15
jr 21000 L:300




TAVR + occluders for heavily calcified bicuspid AS

7 months later, the patient came back with severe PVL (two jets)
and HFrEF 28% (45% before TAVR) = 2 occluders (ADO Il 3-6 and VPII 9-12) successfully deployed
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Applying the Wei’s method in BEV and SEV for Bicuspid AS

 The primary end-point was device success rate and procedural outcomes.

 The complementary approach of supra-annular sizing to conventional annular sizing method (Wei's
Method) developed by our team were used in providing guidance to perform TAVR in BAV patients.

Evolut R/PRO; N=32

Sapien 3; N=43 (2017/10-2021/06) (2021/07-2022/12)

" @ CHINA VALVE tacziou 2024 @ CHINAVALVE (5
_‘ ! R % SN T S e O HANGZHOU >



Application of Wei’s method in SEV for Bicuspid AV

Evolut™ PRO Bioprosthesis

Evolut™ R Bioprosthesis

Avoid aggressive
UL S X
[ ) o " \1.' -r ;‘f

oversizing ! Y

3 l'-%

Cusp overlap view ! NN
908\

Aim high !
. " - | 23 mm 26 mm 29 mm 34 mm
Optimization !

S 18-20 mm 20-23 mm 23-26 mm 26-30 mm
Annulus Perimeter¥ 56.5-62.8 mm 62.8-72.3 mm 72.3-81.7 mm 81.7-94.2 mm
Sinus of Valsalva Diameter (Mean) =25 mm >27 mm >29 mm >31T mm
Sinus of Valsalva Height (Mean) >15mm >15mm =215 mm =216 mm
Oversizing Percentage -12% 0% 11% 30%

FAnnulus Perimeter = Annulus Diameter X Tt

NOTE: Evolut™ PRO valve size selection is identical to Evolut™ R valve size selection criteria



Bicuspid AS
(SEV Case 1)

Final Valve Size :
29 mm E-PRO ' Min. @: 26.0 mm

t . . - Max. @:221 mm ; ;
15t Post-dilated : Avg. @:'29.0 mm LATe

Area derived @:°28:8 mm
Nucleus 20/40 mm R G Perimeter derived @::29.0 mm
2"d post-dilated : M!; 0 3.2”_062‘7:,,‘} Al;e.'a_: ;65_1].., 8 m[,r'l_ :
True-Flow 24/35 mm Avgl326'6/mm Perimeter::91.3 ' mm

| i Adult Echo
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10Hz M4m4
13cm 120 +45 4
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Bicuspid AS

(SEV Case 2)

Valve Size : 25 mm

Post dilated BC (1): Nucleus 22/40mm
Final outcome:

AR = Mild

PPG =12 mmHg

PPM = None

AVA =2.0 cm2

1’ — 300 A nnulusiDimensions
Wei’s method=22.3mm Min. @ IBIAT Pg=21.8mm
Max. @:124%9
ava. @ F2%6imm
Arealderived|@:321%4mm|
Perimetergderived{@:¥21%8imm
\Perimeter: .

e

Adult Echo TISO.2 MI06
X8-2t

76Hz

6.9cm o 124 150

istance: 4.9 mm

Adult Echo

X8-2t

76Hz

6.9cm o 124 15

20
53%

PATT: 37.0C
TEET: 38.7C



Outcomes of TAVR with BEV or SEV for bicuspid AS, sized by the Wei’s method

_ Balloon-expandable valves (N=43) Self-expanding valves (N=32) m

Bicommissural, non-raphe or type 0, n (%) 17 (40) 14 (44) 0.897
Bicommissural, raphe or type 1, n (%) 25 (58) 17 (53) 0.843
Tricommissural or type 2, n (%) 1(2) 1(3) 0.999
[ Asymmetrical distribution of calcium, n(%) 33 (77) 30 (94) 0.095 R
Presence of calcified raphe>4mm, n (%) 18 (42) 10 (31) 0.482
Tapered configuration, n (%) 7 (16) 9 (28) 0.340

3(9) 0.003

THV 23mm or smaller, n (%) No patient experienced annular rupture

THV 26-27mm, n (%) : <0.05
THV 29mm or larger, n (3 Similar device success rates and rates of moderate-to-severe PVL <0.05
Device success, n (%) 40 (93) 30 (94) 0.999

mean PG > 20mmHg, n (%) 1(2) 0(0) 0.609

Although the mean post-TAVR trans-AV PG was significantly higher among patients treated with BEV
versus SEV, the estimated aortic valve area was similar in both groups

No differences in the rate of permanent pacemaker implant were observed, even though
the implantation depth was significantly shorter in BEV versus SEV

Implantation depth, mm 2.26 +1.20 3.91+2.47 0.001

Permanent pacer implantation, n (%) 2 (5) 3 (9) 0.731




Identify the “true taper configuration” is the key !!

BAVARD (ICD 4mm) method may 12-20% in
= (0]

21% in

over-estimated supra-annular size
- may overlook some “true taper configuration”

BARVARD

CHGH series

Tibe Flare Taper The heavier the calcification, the higher
.. ‘ ICD probability a taper configuration with
. (intercommissural distance) Supra_annular anchoring will be.
4mm

»

\
V | E V i i -
above annulus Wei’s Minimum diameter

Comprehensive method * Average diameter = (A + B)/2

¢ Put a virtual ring of that

- diameter on it for simulation
4mm Supra-annular sizing first Conventional annular sizing
* Choose the end-systolic Valve diameter 1
~ (A+B)/2

phase w/ maximal leaflet

for safe anchoring

opening
 Stroll up and down from
H Annmar annulus to the tips of the
Y diameter leaflets
E * Identify the Narrowest leaflet

opening level

If disagreed
-> choose the smaller
derived diameter

o ds o Plan implantation depth
SIZIng based SlZIng based SIZIng based g P based on coronary
on annular diameter on annular diameter on ICD Max. diameter (approx. intercommissural distance) ~ A leveh, LVOT.
Min. diameter (shortest d stance fre oml ading dg of the leaflet calcification, and length

calcification to the tcwall) -B of membranous septum



Conclusion

* The presence of a calcified raphe and excess leaflet calcification, and
associated technical challenges for the TAVR procedure, is the most
Import determinant of procedural and clinical outcomes in bicuspid AS.

« A comprehensive sizing method (Wei's method) sized both supra-
annular and annular dimensions to identify the high-risk “TAPER”
configuration, composes about 20% of bicuspid AS, so as to avoid
aggressive oversizing and complications, is strongly recommended.

e The Our study confirms that proper sizing with the Wei's method Is
useful in providing guidance to perform safer THV implantation with
similar device success rates of both BEV and SEV.
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