WO 2011/109450 PCT/US2011/026763

/—190

200
TISSUE PREPARATION /

l

300
DRYING /

l

TISSUE LEAFLET ASSEMBLY CONSTRUCTION AND / 400
ATTACHMENT TO FRAME TO FORM AN
IMPLANTABLE PROSTHETIC HEART VALVE

l

500
MOUNTING OF IMPLANTABLE PROSTHETIC HEART /
VALVE INTO DELIVERY SYSTEM

!

ENSHEATHING, STERILIZATION AND PACKAGING / 600
OF THE DELIVERY SYSTEM INCLUDING THE
IMPLANTARLE PROSTHETIC HEART VALVE

l

700
IMPLANT THE IMPLANTABLE PROSTHETIC HEART /
VALVE INTO PATIENT

END FIG. 1

1/25



WO 2011/109450

PCT/US2011/026763

PERICARDIUM TISSUE HARVESTED

/204

:

TISSUE IS CLEANED AND DECELLULARIZED BY

RINSING AND SEPARATING TISSUE WITH
CHETILLED WATER

208
/

r

l 220

a -

OPTIONAL ADDITIONAL REMOVAL OF LIPIDS

<
S
B
Gy
P
<
O
i1
Py
o
P~
0
Y
Ay
....;
ey
M
X
....i
=
T
prad
....{

e

—— -
e - — -
\

-7

SECONDARY CLEANING

RINSING WITH DISTILLED WATER

L

l

RINSING WITH 25% ISOPROPYL ALCOHOL

240

244

RINSING WITH DISTILLED WATER

200
e

FiG. 2A

2/28



WO 2011/109450

PCT/US2011/026763
l 248
FIXATION FOR COLLAGEN CROSS-LINKING 200
(ONE OF THE FOLLOWING) /_
IMMERSION IN 1-37.5% FORMALIN ~
\
2483
OR
IMMERSION IN 100% GLYCEROL 2480
OR
IMMERSION IN 0.1 - 25% GLUTARALDEHYDE 248¢
OR

IMMERSION IN G.1- 25% GLUTARALDEHYDE (FILTERED | —248d
TO LIMIT OLIGOMERIC CONTENT)

OR

2488
IMMERSION [N ONE OF 248a, 248c¢, or 2484 B —
WITH AMINO ACID ENRICHMENT

l 252

ALCOHOL POST-FIXATION TREATMENT:

256
//
RINSING IN DISTILLED WATER o
¢ P 260
25% ISOPROPYL ALCOHOL =
¢ 264
/
RINSING WITH DISTILLED WATER L

FIG. 2B

3/25



WO 2011/109450 PCT/US2011/026763

300

e

\

TISGUE 1S DRIED 308

\

TISSUE IS PLACED ON FLAT SURFACE 7]

v 312

TENSION AND/OR COMPRESSION LOAD I5]_~
APPLIED TO TISSUE

|
314
|

TISSUE IS DRIED IN DARK CONDITIONS 7

l

TISSUE INSPECTION
AND |
ORIENTATION OF FIBER DIRECTION

““““““““ L““““““““ 320

[
| I
: OPTIONAL SIZING OF TIaSUR SHEET :’/
| [

316

ft— e, e, e, e, e, e, — — — — —

FIG. 3

4/25



WO 2011/109450

PCT/US2011/026763

FORMING TISSUE LEAFLET ASSEMBLY
FROM TISSUE

TISSUE 1S FOLDED |

Y

TISSUR 15 SEAMED TO FORM FOLDED |
TISSUE LEAFLET ASSEMBLY

l

FOLDED TISSUE LEAFLET ASSEMBLY IS
MAINTAINED DRY OR PARTIALLY REHYDRATED
FOR ATTACHMENT

Y

ATTACHMENT OF TissUE IN FRAME

FOLDED TISSUE LEAFLET AGSEMBLY IS
INSERTED INTO FRAME, SUCH AS: |

BALLOON-EXPANDABLE FRAME 1|
OR
SELF-EXPANDING FRAME |

v

FOLDED TISSUE LEAFLET ASSEMBLY 1S

ATTACHED TO THE FRAME TO FORM AN | _

IMPLANTABLE PROSTHETIC HEART
VALVE

\

\

\

!

THE IMPLANTABLE PROSTHETIC HEART VALVE
15 FULLY HYDRATED FOR INSPECTION AND
TESTING

\

404

\

| 408

412

\

416

424

| 424a

424b

428

432

4400

_—

FiG. 4

5725



WO 2011/109450 PCT/US2011/026763

/ 500

IMPLANTABLE PROSTHETIC HEART VALVE, / S04
WHILE HYDRATED, 15 COLLAPSED

'

INSERT DELIVERY MANDREL OR BALLOON INTO 508
DELIVERY SHEATH, AND EXTEND MOUNTING /
SEGMENT OUT THE END OF THE SHEATH

l

COAXIALLY MOUNT THEN INITIALLY CRIMP
(WITH CIRCUMFERENTIAL CRIMPING TOOL) THE /
RECOMPRESSED VALVE/FRAME ONTO THE
DELIVERY MANDREL OR BALLOON CATHETER
WITH THE VALVE MEMBRANE PORTION
HYDRATED

:

516
IMPLANTABLE PROSTHETIC HEART VALVE /
IS ALLOWED DRY

v

IMPLANTABLE PROSTHETIC HEART VALVE / 520
UNDERGOES FINAL CRIMPING TO REDUCE
PROFILE

512

FiGG. 5

6/25



WO 2011/109450 PCT/US2011/026763

/ 600

INGERT ASSEMBLY INTO SHEATH /

'

604

| 608
STERILIZE ASSEMBLED VALVE AND DELIVERY |~
CATHETERS
A 612

FiG. 6

7/25



WO 2011/109450 PCT/US2011/026763

/ 700

CATHETER ACCESS TO FEMORAL ARTERY AND /
INGERTION OF GUIDEWIRE

'

ASSEMBLED DRY PROSTHETIC HEART VALVE / 708
IS REMOVED FROM PACKAGING

|

BALLOON CATHETER WITH DRY PROSTHETIC 712

HEART VALVE IS MOUNTED COAXIALLY OVER /

THE GUIDEWIRE AND ADVANCED ADJACENT
THE DISEASED HEART VALVE

l

COVERING SHEATH IS WITHDRAWN AT
DESIRED IMPLANT LOCATION

:

BALLOON IS5 INFLATED DEPLOYING
THE DRY PROSTHETIC HEART VALVE

:

VALVE LEAFLETS OPERATE IMMEDRIATELY

704

716

\

720

\

724

\

FiG.7

8/25



WO 2011/109450 PCT/US2011/026763

FiG.8A

800

e QA N
;‘“" X L

H 3
b ¥

H ~ < H

t N < <

M N M T v v deeaanaaag

{ b - I

N § > ¥ SR

X & N2 £y 3

H > &

H 1

H

H -

H

H &

N 5 k3

i H .

i . i

i < B E G s 8 8

i : :

H H >

3 N >

H k 1

N ——— a

3 B

SO S

Frinmininininiy

FiGz.8C

g e

b
R R

9/25



WO 2011/109450 PCT/US2011/026763

850 '/ 808

812
T T e ot Prmany Fold T
FiG.8D 816
Outer Cuff Layer K 820
7777777777777777777777777777 8247
inner
L oaflat Layer
Fres Edge
836
- i  PrmayFod I
g4
Foid Bottorn Edge Up Fold Botltom Edge Up

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

FiG.8E

10/25



WO 2011/109450

Oater Cul Laver

™

Pleat Centerdine
vward Folds

PCT/US2011/026763

Ouhweard Folds

| .|

e

wvard Folds

|

l

Qugtward Folds

A

|

sy /

Feaflet Laer
Freo BEdos

/

N R B -

Frimary /

Fold 814

832a

{ Primary Fokd |

inner Leafiet Layer ——§ |
Free Edge 838 \

e

—

Primary Fold
814

e B

Y

Edges Joined and Seamed at A-X |, B-B', C-C'te Form Tubdar Walve Configuration

11/25

FiG.8F

C*



WO 2011/109450 PCT/US2011/026763

832

Leaflet Commissure
tnner Leaflst Layer

Cu Layer T —— ) Free BEdge 838
8320 ! ——

Vahve SIS s

840

-!Pi

T RN LY

L T

W Gl A W e A Wt e mm mm mE A

T FIG.BG

Commissire Folds 844

TISSUE LEAFLET ASSEMBLY
(PLEATS NOT SHOWN, SkE FIG. 8L)

L

FI1G.8H

850

854

GRS

sss

FiG.8]

12/25



WO 2011/109450 PCT/US2011/026763

TIOSUE LEAFLET ASSEMBLY ATTACHED WITHIN
FRAME TO FORM A PROSTHETIC HEART VALVE
(PLEATS NOT SHOWN, SEE FIG. 8L}

FiG. 84

FOSSIBLE SUTURE POINTS 860

FIG. 8K

13/25



WO 2011/109450 PCT/US2011/026763

_ Stent Frame Members

860

Oiiter CF

Vayer

B Inmer Leatiet
{ ayver

FOLDED \
ATTACHING |} LN
PLEAT832 gl f

\\‘ )
N
868 f< STENT FRAME
~ ATTACHING
MEMBER

FIG.8L

14/25



STRESS (MPa)

WO 2011/109450 PCT/US2011/026763

_ Stress-Sirain Curves of Wet Tissue
SB T ~y T T H .

?1&3 L. el ; W— § i ‘
) 0.1 8.2 83 04 85 08 o

STRAIN

Siress-strain curves in wet or hydrated state of five samples. Each curve corresponds
to a separate sample.

FIG. 9

15/25



WO 2011/109450 PCT/US2011/026763

1000

Cewsering Sient Frame Balloon
Sheath ft

kloembers Catheley Shalt

/\

Duidle Wire Ballbon Collapsed Tissue DeYated Balloon
Lumen Cathster Tip Membrane Leaflel keateral

860

FIG.A0

16/25



000000000000000000000000000000

Photo of Tissue Leaflet Assembly Attached in Fr
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

............. \\\\\\\\\\\E 832

ey

852



PCT/US2011/026763

WO 2011/109450

FiG. 11B

18/25



PCT/US2011/026763

WO 2011/109450

VALVE MODEL WITH EXTENDED

DISTAL CUFF LAYER
TIDBUE MEMERANE LEAFLET
ASSERMBLY &TTACHED TO FRAME

ALONG AGALLY QFIENTED MERMBRANE

PLEATS [(NOT SHOWN - BEE FR3S. 8

EXTENDED GUFF LAYER el
ATTACHED CIRCUMPERENTIALLY el :
AT ENSTAL EDGE T FRAME - S g
EXAMPLE 0F CONTINUCUS e s !
SUTURE ATTACHMENT SHOWK ~_ | VALVE SilISS 860 !
N | | cuseepace é
1108 \\ , \ 840 iI
. & |
¥ ! g i
f
|
1104 !
.?i'
i
;f
K
,4**
iﬁi
ARC OF LEAFLET FREE EDGES /
{OUT OF PLANE DOF CUTAWAY b
SECTION) CONTINUDUS WiTH S
PLEATS {NOT SHOWN) AT L
RADIAL EDGE OF ASSEMELY
1112
848
y
S
/
s
;-"J
j k p—
¢ o 852
TISSUE MEMERANE LEAFLET AXIAL DIFLOW
ABSEMALY DISPOSED DIRECTION
DOAXIALLY WITHIN FRAME:
VALVE SHOWN IN CLOSED
POSITION WETH LEAFLET FREE
EDGES IN CEMTRAL CONTACT
FiG. 11C

19/25



WO 2011/109450

VALVE MODEL WITHQUY
EXTENDED DISTAL CUFF
LAYER

LEAFLET FREE EOGES
8 CLOSED POSYTNON
836 %,
X\ REVE SINLASY
CUSE SP&DE

840

VALVE BINURKIUBRP 8PREE \

DHRTAL EQGE OF CLIFF LAYER
CIRCUNMFERENTMUY TC

AR OF | SAFLET FREE EDGER
{OUT OF PLANE OF CUTAWAY ~
SECTION} QONTINUDUS WITH
PLEATS (NOT SHOWN] AT
RATHAL EDGE OF ARSERELY
1112

SRR

§

¢ .
TISSUE MEMBRANE { ESAFLET AXIAL INFLOW
ABSEMBLY DIBPOSED DIRECTION
DOANIALLY WITHIN FRARE:
WALVE SHOWN IN CLOBED
POSITEDN WITH LEAVLET FREE
EONGES I CENTRAL CONTACT

FiG. 11D

20/25

PCT/US2011/026763

TISRUE MEMBRANE LEAFLET
ASSEMBLY ATTACHED TO FRAME
ALONG AXISLLY ORIENTED MEMERANE
PLESTS (NOT SHOWN - SEE FIGR. §)

Lt it

e,
i
S R i,

o,

ey




s
i
S
s

&
=
3

o
L
=

)
3

o3

@

G
-
-

@
e

@

b
i




WO 2011/109450 PCT/US2011/026763

Surgeon Holding a Premounted Percutancously Deliverable
Heart Valve Associated With a Catheter and Residing Within
Sterile Packaging

o
o

et A,
e,

e

)
/o

N . -
-‘W\M\\\?\\\\\m\“‘,‘-‘- Mimiat”
H

! E
N _ i
N N §o &
{ \\ﬂ"“\ I
\ ] .

i

e

FiGG.13

22/25



WO 2011/109450 PCT/US2011/026763

HEART

<

ACRTA
BLOOD FLOW /\ BLOOD FLOW
A
VA
GHT LEFT ATRIUM
ATRIUM X
" \
PULMONARY %
VALVE
! MITRAL
TRICUSPID VALVE
VALVE
RIGHT
VENTRICLE
ACRTIC LEFT
BLOOD FLOW VALVE VENTRICLE

BLOOD FLOW

FiG. 14

23/25



WO 2011/109450 PCT/US2011/026763

AORTA

GUIDEWIRE

BLOOD FLOW

DISEASED AORTIC
VALVE

860

1000

FIG.15

PROSTHETIC HEART VALVE 860
LOADED IN CATHETER 1000

24/25



WO 2011/109450 PCT/US2011/026763

BLOOD FLOW

FRAME 852

PROSTHETIC HEART VALVE 860

FiG. 16

25/25




