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BACKGROUND

Type 0 — no raphe

1-2% of population has BAV @

3-4% of patients undergoing TAVR Type 1 - 1 raphe
L-R R-N

No dedicated RCT: TAVR vs SAVR @ @ @

Type 2 - 2 raphes
L-R/R-N

Type 0=12%
Type 1= 86% @
Type 2=2%

Sievers HH. J Thorac Cardiovasc Surg 2007
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TAVR-CT based BAV Classification

Functional” or “acquired” BAV True BAV

Tricommissural raphe type Bicommissural raphe type Bicommissural non raphe type

\ 3

Coronary Mixed Coronary Coronary Mixed
cusp fusion cusp fusion cusp fusion cusp fusion cusp fusion cusp fusion

Jilaihawi et al. J Am Coll Cardiol Img 2016

Challenges with Case Selection

Anatomic Procedural
Challenges Challenges

Elliptical Annulus (Type 0>Type 1) PVL risk

Large size

. Increase risk of Root injury,
Dense Calcium PPI, CVA

. Push valve in unpredictable
Calcified Raphe manner, PVL risk, Valve under-

expansion

Dilated Ascending Aorta, Aortic Injury (weak Tunica
Horizontal Aorta Media)
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Case Planning

1. Bicuspid Valve Anatomy and Valve Sizing

Type 1 LR : Tapered anatomy LT LB AR R ST

Annular Injury or
THV under-expansion

Point of maximum ' ANNULUS
resistance

Aortic valvar complex Aortic valvar complex
scheme scheme

Tchetche D. Circ Cardiovasc Interv. 2019;12:e007107
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Tricuspid AS- TAVR sizing based on Annulus area or
perimeter

BAVARD Registry

| [ \
Use of the ICD \ / / \

measurements [ Aortc annuius |

When SiZing - Tube - Flare 7 Taper
Sizing based on Sizing based on Sizing based on

TAV R va Ives fo r the annulus the annulus the ICD

TypeOand 1 ¢

Bicuspids

Tchetche D. Circ Cardiovasc Interv. 2019;12:e007107
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BAVARD Registry

ype | bicuspid aortic valve Annulus-based sizing for TAVR Second generation TAVR devices ma!
I C D are frequent Is usable in 88% the cases achieve circularity in bicuspid valves

measurements
could be used in
grey zone cases

Prosthesis underexpansion Mean ellipticity index 1.17
is a constant finding

2"d Gen valves: Evolut R, Sapien 3 and Lotus

Tchetche D. Circ Cardiovasc Interv. 2019;12:e007107

BIVOLUT-X Registry

Annulus sizing Annular sizing Combined sizing

Clinical outcomes N=78 N=73

or Combined

e« o All-cause death, n (%) 5(3.3) 3(3.8) 2(2.7)
Sizing Cardiovascular death (n,%) 3(1.9) 2(25) 1(1.4)

(Annulus+ICD) o dabing e n 4 Ton om0
are e q ua I Iy Major vascular complication, n (%) 7 (4.6) 4(5,1) 3(4.1)
efficie nt fo r Pacemaker implantation, n (%) 29 (19.6) 13 (16.7) 16 (21.2)
prosthesis EOAZ.1 |

Mean gradient 7.3 mmHg

Se I e Ct | 0 n No moderate-severe or severe AR

Evolut Pro (23,26 or 29mm) or Evolut R (34mm)

No significant p value between sizing strategies

Tchetche D. EuroPCR 2020
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2. Bicuspid vs Tricuspid Calcification Burden

Calcification
in leaflet tips
and base

Tricuspid Bicuspid

Death From Any Cause,
According to Leaflet Calcification

'
o

p < 0.001 by log-rank test

w
(=}

=}

P

,—-—“'_’_‘

All-Cause Mortality (%)
N
o

39

o

360 540 720
Days

No. at Risk

Excess Leaflet calcification 517 242

Mild Leaflet calcification 517 278

Yoon, S.-H. et al. J Am Coll Cardiol. 2020;76(9):1018-30
(Bicuspid Aortic Valve Stenosis Transcatheter Aortic Valve Replacement Registry Investigators)

70f20
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3. The Raphe

Death from Any Cause, According to Presence of Raphe

P value= 0.04 by log-rank test

All-cause Mortality (%)

Raphe

No Raphe

T
540
No. at Risk

Raphe Type 1l o7
Noraphe TYpe 0 107

Yoon, S.-H. et al. J Am Coll Cardiol. 2020;76(9):1018-30
(Bicuspid Aortic Valve Stenosis Transcatheter Aortic Valve Replacement Registry Investigators)

3. The Raphe

No Calcified Raphe or Calcified Raphe Plus
Excess Leaflet Leafls Excess Leaflet
Calcification Calcification

(31.3%) (26.0 %)

*Bulky or linear calcification P

>half the raphe ( ) ;\é« :% ii\
**Leaflet calcification volume o .

> 3 8 2 mm 3 p <0.001 log-rank

46
—r

Aortic Root Injury x 3 times risk : s . J
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.

Low Risk Trials: 4.5%
Yoon, S.-H. et al. J Am Coll Cardiol. 2020;76(9):1018-30 Intermediate Risk Trials: 16.7%

(Bicuspid Aortic Valve Stenosis Transcatheter Aortic Valve Replacement Registry Investigators)
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3. The Raphe

Increase PPM risk
(increase compression of the contralateral
frame with the Bundle of His under the NCC)

increased risk
of coronary obstruction (Long leaflets and
calcified tips+)
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Type 1 (L+R): Non Calcified Raphe + Low Calcification (29mm Evolut Pro +)

)

~ -
' I \
ype 0: Ascending Aorta Type 1 (L-R): Root Dilation ype 1 (L-N) and Type 2:

(Coarctation+) Diffuse Aortopath
Type 1 (R-N): Ascending and

Arch dilation (root spared)

(MVP+)

Schaefer et al. Heart 2008

10 of 20



MHIF Cardiovascular Grand Rounds |
May 23, 2022

4. Coexisting Aortopathy

2% annual risk of
dissection

Aorta disease
progression may
occur independent of
AVR (weak data)

<4.0 mm
4.0-4.5mm

AL 15 yrs

78 £ 6%
81 + 6% p< 0.001

43 = 15%

98 69
58 44
17 8

Freedom from Asc Ao complications
After AVR for BAV (%)

T T T T T T I T T T
5 6 7 8 9 10 11 12 13 14 15
Years postoperatively

Borger MA et al. JTCV 2004

Young Male Type 1 (L+R) + Dilated Ascending Aorta- AVR and Ascending Aortic Replacement

o]}
No
0.

W47
UAGRIOSHG
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Type 1 (L+R): non calcified raphe + severely calcified non-coronary leaflet-

23mm S3 Ultra vs Evolut 26 Pro + : Aortic Dissection

Unable to cross the Gore 31x15cm prosthesis Final: No PVL, MG 6 mmhg]|

aortic arch implanted by Vascular

undersized balloon i
Hypotension surgeons

Outcome Data with TAVR in

Bicuspids
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Bicuspid vs Tricuspid TAVR Outcomes (BaIIoon
Expandable Valves)

HR, 0.90; 95% Cl, 0.73-1.10
P=.31
All-cause Mortality: 2.6% vs 2.5%

w
o
L

74 years
STS: 4.9%

ricuspid

6 9 12

=
o
L

All-Cause Mortality, %
[
o

CVA (30 day): 2.5% vs 1.6%
(no difference at 1 year)

Urgent Open Heart: 0.9% vs 0.4%
PPI (30 day): 9.1% vs 7.5%

a a a Makkar JAMA 2019
PVL, Aortic Valve Reintervention <) axxar

Bicuspid vs Tricuspid TAVR Outcomes (Old vs New
Generation Devices)

Procedural Outcomes in Bicuspid and Tricuspid AS With Early- and New-Generation Devices

A Early-Generation Devices

p=0.005 Sapien XT  CoreValve

77+8 years
STS: 4.6+4.6%

Incidence (%)

Second \/al ve Paravalvular  Absence of New Pacemaker
Implantatior Leak Device Success

Sapien3 Lotus  Evolut R
p=0.69

Incidence (%)

Conversionto  Secon dValve Par: avalvnlar
Surgery Implan

Yoon JAmCollCardiol2017;69:2579-89 ® Blaupld 5 m Tlcusphd AS
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Bicuspid vs Tricuspid TAVR Outcomes (Balloon

HR, 0.75 (95% Cl, 0.55-1.02); P=.06

Tricuspid

—

—

a 6 8 10
Time, mo

No. at risk
Bicuspid 3168 1300 1130 1111 1102 1081
Tricuspid 3168 1430 1273 1253 1230 1204

[8] stroke CVA (1y): 2% VS 2.1% 4

104
HR, 1.03 (95% CI, 0.69-1.53); P=.89

69 years - Mortality(1y): 4.6% Vs 6.6% umsp

STS: 1.7%
PPI: 6.2% VS 5.2% 4up

Tricuspid

Bicusmia Aortic Perf: 0.8% vs 0.5% e

6 8
Time, mo

Aortic Valve Reintervention,
3168 1285 1117 1097 1087 1065 770
3168 1409 1253 1232 1205 1182 874 PVL
Makkar JAMA 2021

CENTRAL ILLUSTRATION Key Outcomes
Kaplan-Meier 95% Confidence
Matched] P Rate Interval

~— Bicuspid 10.4% 7.7%-141%
— Tricuspid 12.4% 9.4%-16.2%

© B
8 2

23
=3

"
-

&
o

All-Cause Mortality (%)
N
o

Proportion of Patients (%)

p=0.63
T

o

1 2 3 4 5 6 7 8 9 10 11 12 Bicuspid Tricuspid
Months Post Procedure (n=182) (n=201)
No. at Risk: M None/Trace M Mild M Moderate/Severe
~— Bicuspid 929 791 496 456 445 437 425 n
— Tricuspid 929 796 508 474 463 449 432 314

73 yea rs Forrest, J.K. et al. J Am Coll Cardiol Intv. 2020;13(15):1749-59.

STS 5.3 +4.2

(Left) All-cause mortality at 1 year for matched patients. (Right) Aortic regurgitation at 30 days for bicuspid and tricuspid patient groups implanted with
‘the Evolut PRO valve.

CVA (1y): 3.9% Vs 4.4% 4w
Mortality (1y): 10.4% vs 12.1% 4
PPl: 14.3% vs 12.4% 4w)

Conversion to Open Heart: 0.6% vs 0.2% )

Forrest Jacc Interv 2020
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Bicuspid vs Tricuspid Outcomes (Evolut Low Risk Bicuspg#
Study and Evolut Low risk Trial)

CENTRAL ILLUSTRATION: Self-Expanding Transcatheter Aortic Valve
Replacement in Patients With Bicuspid and Tricuspid Aortic Valve Stenosis

150 Bicuspids (low risk bicuspid \

study) @ Evolut R or Evolut &
o ) e P

150 Tricuspids (Evolut IOW risk tria|) Calcific bicuspid aortic valve Calcific tricuspid aortic valve

72 years
STS:2 %

80
6.0 49

40 35
201 o7 07 07 Mo 07

0

Kaplan-Meier Rates (%)

Death Disabling Aortic Valve Valve Conversion to
Stroke  Hospitalization Thrombosis Surgery
§ Bicuspid W Tricuspid

0, 0,
Deeb, G.M. et al. J Am Coll Cardiol Intv. 2022;15(5):511-522. PP117.9% vs 16.6%

Deeb G et al JACC Interv 2022
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Bicuspid vs Tricuspid TAVR Outcomes (From

CENTRAL ILLUSTRATION: Time-to Event Curves for Propensity-Matche
Tricuspid and Bicuspid Patients Through 1 Year

w
o
W
o

Log Rank P = 0.58 Log Rank P = 0.99

2%

169 Bicuspids vs
148 Tricuspids (From PARTNER3 Low -

RISk) Months From Procedure Maonths From Procedure
No. at risk: No. at risk:

All-Cause Death (%)
o
All Stroke (%)
=]

o
o

o
=]

Tricuspid 148 140 Tricuspid 148 139
Bicuspid 148 135 Bicuspid 148 133

72 years
STS: 1.5 %

o

»
o
o
(=]

Log Rank P = 0.96 Log Rank P = 0.80

963 109%
2.6% 10.2%

9.5%

=]
=

Death, Stroke or
Rehospitalization (%)

Rehospitalization (%)

o
o f=
o
© f==x

3 6 9 12 3 6 9 12

eXCIUded patlents WIth eXtenSIve Months From Procedure Months From Procedure
Raphe or sub-annular calcification  [SSwn S =il -

Bicuspid 148 123 Bicuspid 148 122

Williams, M.R. et al. J Am Coll Cardiol Intv. 2022;15(5):523-532. |21 -3 7RV R 54

Bicuspid SAVR vs TAVR Outcomes- Medicare Claims
Registry Data

TAVR versus SAVR in Bicuspids TV SAVR

(n=1,054) (n=3,007)
Baseline
Age (mean)

* 4000+ patients from Medicare data from 2015- New Onset Atrial
2017. Fibrillation

* Bicuspid aortic valve undergoing AVR

* Propensity matched.

Acute Renal Failure

' Permanent Pacemaker

A majority of patients were >65 years of age, which 30-day outcome:
could limit generalizability to younger patients.
Mortality

Heart Failure

Stroke
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TAVR for Bicuspid Type O vs Type 1

Limited Observational Data

Type O- increased risk of coronary obstruction and elevated mean
gradients post implant

Yu Du et al. Transcatheter Aortic Valve Implantation in Sievers Type 0 vs. Type 1 Bicuspid Aortic Valve Morphology:
Systematic Review and Meta-Analysis. Frontiers in Cardiovascular Medicine 2021

Type 0 (mixed cusps fused), non calcified raphe, low calcification burden,
history of ascending aorta replacement: 26mm S3 Ultra

-
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Putting It All Together

‘ SEVERE BICUSPID AS

|

CT Morphology:

Severe LVOT Ca2+
Bulky Leaflet Ca2+
Calcified Raphe
Type 0 ?
Aortopathy (>45mm)

) —_—
YES / o \ f
[ Aartic annulus =
- Tube

SURGICAL RISK

RN

Intermediate

TAVR ‘ Self Expanding (Evolut Pro) ‘
SAVR Counsel patient on

SAVR + Aortic Replacement (>45mm) Residual PVL, CVA, Root
SAVR + Root Enlargement (Annulus Injury, PPI
<23mm)

Flare

l ‘ Balloon Expanding (S3 Ultra) ‘
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Life Time Plan

15t Intervention 2" |ntervention 3rd |ntervention

SAV A A AV in SAV

Need for Aortic Surgery
for Bicuspid Aortopathy

\ (independent)*
with AS TAV in TAV
/

N in AV JBTAV in TAV in SAV?)
\ Redo SAV?)

65-805y
with A
N I —

Explant more challenging for self:

Giuseppe T et al. Jacc Interv 2021 eXpand'ng valves
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Patient Counselling

TTE screening of
Bicuspid Aortic Valve ~—# 1st-degree relatives

l (2b)

Rule out Coarctation

' l

Aortic diameter
(sinuses or ascending
aorta) 2.0 cm

BAV with prior aortic
valve replacement

v
Periodic imaging by TTE, CMR, or
CTA, with interval determined by: Continued lifelong
+ Degree and rate of progression of periodic imaging if
aortic dilation aortic diameter is
» Family history of aortic dissection 24.0cm Ga)
(2a)

Otto et al. AHA Valve Guidelines 2020

THANK YOU
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