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Aortic Valve Anatomy

Normal Valve

- Left Atrium

— Anrtic Valve
Right Atrium -

Stenotic Valve
Pulmonary Valve |
Tricuspid Valve —3

Right Ventricle
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Aortic Root Anatomy

Aortic Root Anatomic Overview

Sinutubular junction - Ascending
& aorta

Aortic sinus
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Incidence of Aortic and Mitral Valve Disease
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Causes of Aortic Stenosis

Age related-Annular Calcification
History of Rheumatic Fever

History of Chest Radiation
Autoimmune Diseases
Congenital Hypercholesterolemia
End-stage Renal Disease
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Bicuspid Aortic Valve (BAV)
Epidemiolology

Incidence 1s 0,4-2,25% in the general population (a
very common congenital cardiac abnormality)

20-50% of BAV patients will undergo AVR

50% of SAVR patients of all ages Is some form of
bicuspid AS

27,5% of octogenerians and 41,7% of younger
patients undergoing SAVR have BAV
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BAYV Sievers & Jilathawi Classification

MDCT Schematic Sievers Jilaihawi
systole diastole systole diastole etal.” et al.

Fusion Site

Bicommissural,
no raphe
(n=6/4.2%)

Type O
(n=6)

Bicommissural, N-R 18.3%
complete raphe N-L 1.7%
(n = 60/41.7%) L-R 80.0%

Bicuspid
(n=144)

Type 1
(n=138)
Tricommissural, N-R 9.0%
incomplete raphe N-L 1.3%
(n =78/54.1%) L-R 89.7%

Won-Keun Kim et al. JIMG 2018;11:1539-1540
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Figure 3: Classification of Bicuspid Aortic Valve
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Concerns regarding Bicuspid vs
Tricuspid Aortic Valve

Bicuspid AS Tricuspid AS - Lal‘ger annulus

Severe and asymmetric leaflet
calcification

Presence of calcified raphe

Concomitant aortopathy

Younger patients
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Multicenter study in BAV (1%t generation valves)

Type O Type1
No raphe One raphe

Mylotte D et al JACC 2014; 64:2330

Type 2
Two raphe

Survival (%)

Mylotte, D. et al. J Am Coll Cardiol. 2014; 64(22):2330-9.
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*Log rank P 0.46 SE:17,5%

BE:20,8%

— All patients
Balloon-expandable THV
Self-expandable THV

180

Time (days)




Multicenter study in BAV (PVL)

TABLE 3 Procedural Information and Out comes

All Patients CoreValve
Characteristic (n =139) {n =91)

Caraotid

General anest

mplantation echocardiography

rtic regurgitation, grade (1-4)* J 1]
Grade 2
Grade 3

Aprtd lve gradient, mm Hg*

Aortic valwe area, cm
Contrast media, ml

Fluan duration, min 20 (14-28) } 2) 20(15-29)
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Outcomes In Transcatheter Aortic Valve Replacement
for Bicuspid Versus Tricuspid Aortic Valve Stenosis

FIGURE 1 Study Flow Chart

Bicuspid AS patients underwent TAVR Tricuspid AS patients underwent TAVR
from 33 centers from 12 centers
(n = 576) (n=5900)

Exclusion
Exclusion » 1330 patients with missing
= 15 patients with missing data
data + 24 patients with degenerated
bioprostheses

Bicuspid AS patients underwent TAVR Tricuspid AS patients underwent TAVR
(n = 561) (n = 4546)

PS matching

Bicuspid AS patients after PS matching Tricuspid AS patients after PS matching
(n = 546) (n=546)

A total of 576 patients with bicuspid AS consecutively treated with TAVRE were enrolled from 33 centers. For the purpose of this study, data
from 4,546 patients with tricuspid AS consecutively undergoing TAVR were collected from 12 participating centers. After propensity
score matching, 546 patients with bicuspid and tricuspid AS were compared. AS = aortic valve stenosis; PS = propensity score;

TAVR = transcatheter aortic valve replacement.
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Procedure and Clinical Outcomes

TABLE 2 Procedural and Clinical Qutcomes

Propensity Score Matched Cohort

Bicuspid AS Tricuspid AS
546) (n = 546) p Value OR (95% CI)

Procedural outcomes

3.7 (1.61-8.56)
84 (15.4) 84 (15.4) = 1.00 (0.72-1.39)
Echocardiographic findings
Mean gradient, mm Hg 10.8 + 6.7 10.2 + 4.4
542 +136 547 +139
Moderate or severe 57 (10.4) 37 (6.8) 1.61 (1.04-2.48)
paravalvular leak
Device succe 466 (85.3) 499 (91.4) C 0.54 (0.37-0.80)

30-day outcomes

All-cause mortality
Stroke ) )
Mondisabling (1.3) B (1.1) =0.99 117 (0.39-3.47)
Disabling 9 (1.6) 0.2 2.25 (0.69-7.31)
Bleeding
Major 20 (3.7) 2 0.91 (0.50-1.67)
Life-threatening 2 : : ?
Major vascular complication
Acute kidney injury
(stage 2 or 3)

falues are n (%) or mean + S0, unless othenwise indicated.

Cl = confidence interval; OR = odds rmatio; other abbreviations 5 in Table 1.
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Outcomes In bicuspid vs tricuspid AS with early vs
new-generation devices

Incidenc

sionto  Second Valve Paravalvular Absence of  New Pacemaker
Sur Implantation Leak Dev!

Evolut R

p=0.53 p=0.13
10.0

Incidence (%

Conversion to ond Valve  Paravalvular
Surgery Implantation Leak

B Bicuspid AS m Tricuspid AS

JACC 2017;69(21):2579-89 20 XovESPLo AOHIKAOV
Hodnocov Kaporac &
BoApiwoonafermv



2 year cumulative all-cause mortality rates in patients with bicuspid
(orange) vs tricuspid (blue) in a propensity score matched cohort

CENTRAL ILLUSTRATION: TAVR for Bicuspid Versus Tricuspid Aortic Valve
Stenosis
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360
Days
Number at Risk y
Bicuspid AS 546 236
Tricuspid AS 546 282

Yoon, 5.-H. et al. J Am Coll Cardiol. 2017;69(21):2579-89.
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TAVI In BAV according to Device

Study Design

Bicuspid AS with MDCT available
(n=418)

Calcified raphe?

Type 0 (No Raphe) Type 1 (Raphe) )
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Risk of annulus rupture

Annulus Rupture

i No Raphe Raphe u Calcified Raphe

ey
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CoreValve Sapien XT Sapien 3
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Incidence of >grade 2 PVL

Paravalvular Leak

i No Raphe Raphe u Calcified Raphe

p=0.017
1

)
=
e
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o
=
o
=

CoreValve

(N = 152)
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Bicuspid Aortic Valve European Registry

o 7/ Centers in Europe & 1 in Canada

e 51 Patients with BAV underwent TAVR
with Sapien 3 Valve

e STS PROM: 5,2%+/-3,7%
e BAV Type 0: 11,8%, Type 1: 84,2%

JACC Cardiovasc Interv. 2016;9(8):817-824
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Bicuspid Aortic Valve European Registry
— 30 day outcomes

Death 3,9%

PVL (mild)

PVL (severe)
Vascular Complications

Pacemaker

JACC Cardiovasc Interv. 2016;9(8):817-824 20 Xvvédpro Aouucd)v
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Transcatheter Valve Therapies
(TVT) Reqistry

« 92236 Patients underwent TAVR with Sapien 3
Valve between 6/2015 and 11/2018

o 2726 (3%) had BAV c/w 79096 with trileaflet AV

e 1:1 PM score (2691 pts — exluded those who
underwent TAVR w older devices)
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30 day TVT Registry Outcomes

10.00%
9.00%
8.00%
7.00%
6.00%
5.00%
4.00%
3.00%
2.00%
1.00%
0.00%

TVT Registry
9.10%
7.50%
*
2.60% 0 )
2.50% 2.50% * - 2 40% *
1.60%
%9978 0w
o 0,
0 0.30% 0%
Mortality Stroke Conversion to PVL>2 Annulus Rupture PCM
Surgery
BAV =TAV

Makkar R, et al JAMA 2019;321:2193
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1 year TVT Registry Outcomes

TVT Registry

14.00%

12%

12.00%
10.50%

10.00%

8.00%

6.00%

3.40% 3.10%

I

All cause mortality Stroke

4.00%

2.00%

0.00%
BAV ®TAV
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National Inpatient Sample (NIS) Database:
TAVR vs SAVR for BAV

NIS (2012-2016) hospitalizations
receiving SAVR or TAVR

475,315 hospitalizations

Excluded:

- Concomitant aortic root repair (n=345)

« Concomitant CABG, valve replacement
or ASD/VSD surgery (n=133,685)

- Isolated Aortic regurgitation (n= 34,844)

+ Missing variables (n=301)

306,140 isolated AVR

31,895 isolated AVR in bicuspid AS

SAVR = 30,840 _ TAVR = 1,055
Propensity

matching on
26 variables

SAVR =975 TAVR=975

0 2VVEOPLO AOKMV
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NIS Database 2012-2016

CENTRAL ILLUSTRATION: Trends, Predictors, and Outcomes of TAVR for
Bicuspid Severe Aortic Stenosis

Age*
Female Sex
Pulmonary Circulation Disorders
Peripheral Arterial Disease
Chronic Lung Disease
Hypothyroidism

CK

CAD

Diabetes Mellitus

Chronic Anemia

History of Smoking

Chronic Liver Disease
Coagulopathy

Obesity

Fluid and Electrolyte Disorders
Small-Sized Hospitals
Medium-Sized Hospitals
Non-Teaching Hospitals
Northeast Region

Midwest or North Central Region
South Region

2012 2013 2014 2015 2016 0 1 2 3
Year Associated with  Associated with
SAVR —8— TAVR Undergoing SAVR  Undergoing TAVR

*0dds ratio is for every one-year increase in age

Frequency, %

TAVR in Bicuspid AS M SAVR in Bicuspid AS

Elbadawi, A. et al. J Am Coll Cardiol Intv. 2019;12(18):1811-22.
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NIS database-Subgroup Analysis

Male +~e—
Female

Age<65
Age>65

Prior CABG
No prior CABG

CKD
No CKD

Chronic lung disease
No chronic lung disease

Higher mortality with SAVR Higher mortality with TAVR

—
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Current status and planning of
performing TAVI in BAV patients

* Role of MSCT and careful selection of
eligible patients

« Appropriate sizing and using of the
correct device

« Technical procedural considerations
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Advantages of MSCT

3D assessment of annular morphology and
dimensions

LVOT, SV and aortic root assessment
Determination of coronary height
Presence of concomitant aortopathy
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Calcification of bicuspid raphe

FIGURE 1 Caldfication of Bicuspid Raphe

Mid aortic sinus —

Calcified raphe calcified raphe

between L & R

Hockey puck view-
fusion of raphe and
nodular calcification
of leaflets

Calcification and
fusion of L&R raphe

cation and fusion '|f the left and n:lht raph= BAV = tu.uspid aortic valve; MDCT = multdetector computed tomogra ph

THV = wranscatheter heart valve.
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_eaflet Asymmetry (raphe between R&L —
asymmetry of non coronary sinus)

FIGURE 2 Parameters for Assessment of Leaflet Asymmetry

[A) Tri-post bicuspid aortic stenosis with 2 mpbe of the left and right coronary cusps. Each gquantification of leaflet width (B), sinus of Valsalva
width (C), and sinus area (D) provides an estimation of the asymmetry of the noncoronary sinus relative to that of the combined right and left

COronary Cusps.
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L ow coronary ostia

Type I-R&L 16,9 mm fused cusp — Asymmetric annulus Coronary ostia at 11 mm

20 XovESPLo AOHIKAOV
Das R, Puri R, Frontiers in Cardiovasular Hﬂﬁ‘lﬁﬁm" K(lpﬁl(lg &
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[
Procedure and Technical considerations-MSCT Images

Type 0 (A1-A2)

Type | (B1-B2)
Coronary cusp
fusion

Type | (C1-C2)
Mixed
coronary cusp
fusion

Eur Heart J. 2017;38(16):1177-1181.
doi:10.1093/eurheartj/ehx167
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Presenter
Presentation Notes
Figure 1 Bicuspid aortic valve types (BAV). (A1 + 2) Purely BAV, Non-Raphe-type or BAV type 0; effaced sinuses. (B1 + 2) Raphe-type BAV with coronary cusp fusion (Left-Right) type; normal sinuses. (C1 + 2) Raphe-type BAV with mixed cusp fusion (non-right) type; effaced sinuses.



[
Procedure and Technical considerations-MSCT

Type | mixed cusp fusion Difficult annulus 3D allignement Coronary ostia>10 mm

Eur Heart J. 2017;38(16):1177-1181.
doi:10.1093/eurheartj/ehx167
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Presenter
Presentation Notes
Figure 2 Computed Tomography-Imaging of bicuspid aortic valve. (A) Raphe-type bicuspid aortic valve (BAV) with mixed cusp fusion (non-right) Type. Unequal-sized leaflets with big left cusp and fused Non- and Right Cusps. (B) Annulus-measurement: difficult 3D alignment mainly in case of purely bicuspid valves type 0, with tendency of underestimation of the annulus-size. (C) Distances to coronaries ≥10 mm; the cusps are longer in BAV and need more space towards coronary ostia. Sinuses are more often effaced with an additional risk of coronary obstruction and injury of the sinuses.



Procedure and Technical considerations-Wiring

Eur Heart J. 2017;38(16):1177-1181.
doi:10.1093/eurheartj/ehx167
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Presenter
Presentation Notes
Figure 3 Retrograde crossing technique. (A1) Bicuspid aortic valve (BAV) (Left-Right) type. (A2) Root shot and predicted crossing point between non- and fused left- and right cusps. (A3 + 4) Crossing with AL1 starting in the non-cusp and rotating clockwise to move towards the fused left- and right cusps. (B1) BAV (non-right) type. (B2) Root shot and predicted crossing point between left- and fused non- and right cusps. (B3 + 4) Crossing with AL1 starting in the left cusp and rotating counter-clockwise to move towards the fused non- and right cusps.



Procedure and Technical considerations

Type I-N&R fusion) 20 mm Balloon Sapien 3 23 mm

Sapien 3 under-deployment  Post dilatation with normal volume and final result

Eur Heart J. 2017;38(16):1177-1181.
doi:10.1093/eurheartj/ehx167
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Presenter
Presentation Notes
Figure 5 SAPIEN 3 Implantation in a bicuspid aortic valve (non-right) type:. (A) Root alignment. Red arrow shows the valve opening. (B) Balloon-Sizing: 20 mm balloon touches hinge points, no contrast backflow, preserved coronary flow. ‘Material’ (Calcifications) pushed towards the left cusp (white arrow). (C) Placement and Valve Alignment. Alignment of the valve frame should be verified. (D) Initial under-deployment of 23 mm SAPIEN 3 (minus 2 mL) to avoid annulus rupture. The valve is more compliant with concave frame; the calcification is pushed towards the left cusp (white arrow). (E) Decision for post-dilatation with nominal filling volume in this case because of enough space in the annulus. Result after post-dilatation with optimized deployment of the valve frame. (F) Functional assessment of the final result, No paravalvular leakage.



Bicuspid Valve TAVI Case

84 yo male with worsening dyspnea (NYHA III)

Cardiac Echo with severe AS (0,6 cm?, mean
gradient 60 mm Hg, EF=45%, PA pressure 56
mm HQ)

Ostial LM (40%) and mild rest epicardial
atherosclerosis

Afib undes anticoagulation, PVD, Pacer, mild
COPD
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MSCT Analysis

Max Ascending Aorta Diameter (mm) 41,2
Sinotubular Junction Diameter (mm) 33,1 x 38,4
Min Max Sinus of Valsalva
Diameter (mm)
ANNULUS
. Sinus of Valsalva
Diameter (mm) 26,0 x 32,3 29,1 Height (mm)

Min Max Mean
Perimeter (mm) 94,1 . 300 Coronary Ostia
Derived Height (mm)
Diam
m —r7 .
/ LVOT Diameter (mm)

Area 688,7 . 29,6 mm J-
Derived {
hlN

Diameter ) L
s 1

LEFT

- —
| L/ Subclavian Min
U Diameter (mm)
EIA Min Diameter (mm) EIA Min Diameter (mm) Annular Angulation

RIGHT ———

f

f

10,1 x 10,2 11,1 x 12,4 63,7 \
- |

|~|I

\

RIGHT LEFT Subclavian Min

CIA Min Diameter (mm) CIA Min Diameter (mm) Diameter (mm)

120 x 123 120 x 121

X

Please review
images for direct
aortic evaluation.

Femoral Min Diameter (mm) Femoral Min Diameter (mm)

g

9,5 x 10,7 "y 108 x 11,2

Calcium: Mild [] Moderate Severe []
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MSCT Images (Type | N-R)

AORTIC VALVE
CALCIFICATION
Phase: 30,0%

Sinotubularil
Mini@:
Max '@

Avd.B: 357 i,
&

NE
Distance: 44,4 mn
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LM Angiography
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Pre TAVI Aortogram
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TAVI pre sizing (22 mm Balloon)
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Post Initial Deployment
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Post TAVI Balloon (28 mm)
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_ Final Result (PVL 15_2)_
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Conclusions

TAVI In patients with bicuspid aortic valve Is feasible but has challenge:

Requires careful selection of eligible patients based on Imaging criteria
(MSCT) & type of bioprosthetic valve

— Annulus size

— Coronary Ostia

— Asymmetry of leaflets and calcification

— Calcification of raphe

— Concomitant aortopathy

Procedural considerations
— Wiring of the valve

— Balloon pre sizing and post deployment
— Stroke prevention?

Outcomes with second generation devices are comparable (short-term)
with tricuspid valve patients undergoing TAVI and with those with BA\
undergoing SAVR
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