Doc Code: TRACK1.REQ
Document Description: TrackOne Request

PTO/AIA/424 (03-14)

CERTIFICATION AND REQUEST FOR PRIORITIZED EXAMINATION
UNDER 37 CFR 1.102(e) (Page 1 of 1)

First Named . Nonprovisional Application Number (if
Inventor: DaVId PAN lAG UA known):
Ef/l(een(iifon: PERCUTANEOUS BIOPROSTHETIC HEART VALVE AND A DELIVERY AND IMPLANTATION SYSTEM

APPLICANT HEREBY CERTIFIES THE FOLLOWING AND REQUESTS PRIORITIZED EXAMINATION FOR
THE ABOVE-IDENTIFIED APPLICATION.

1. The processing fee set forth in 37 CFR 1.17(i)(1), the prioritized examination fee set forth in
37 CFR 1.17(c), and if not already paid, the publication fee set forth in 37 CFR 1.18(d) have
been filed with the request. The basic filing fee, search fee, and examination fee are filed with
the request or have been already been paid. | understand that any required excess claims fees
or application size fee must be paid for the application.

2. lunderstand that the application may not contain, or be amended to contain, more than four
independent claims, more than thirty total claims, or any multiple dependent claims.

3. The applicable box is checked below:

l. Original Application (Track One) - Prioritized Examination under § 1.102(e)(1)

i. (a) The application is an original nonprovisional utility application filed under 35 U.S.C. 111(a).
This certification and request is being filed with the utility application via EFS-Web.
—OR---
(b) The application is an original nonprovisional plant application filed under 35 U.S.C. 111(a).
This certification and request is being filed with the plant application in paper.

ii. An executed inventor's oath or declaration under 37 CFR 1.63 or 37 CFR 1.64 for each
inventor, or the application data sheet meeting the conditions specified in 37 CFR 1.53(f)(3)(i) is
filed with the application.

Il. [ 1 Request for Continued Examination - Prioritized Examination under § 1.102(e)(2)

i. Arequest for continued examination has been filed with, or prior to, this form.

ii. Ifthe application is a utility application, this certification and request is being filed via EFS-Web.

iii. The application is an original nonprovisional utility application filed under 35 U.S.C. 111(a), or is
a national stage entry under 35 U.S.C. 371.

iv. This certification and request is being filed prior to the mailing of a first Office action responsive
to the request for continued examination.

v. No prior request for continued examination has been granted prioritized examination status
under 37 CFR 1.102(e)(2).

sinatre | Mark L. Yaskanin / oate 19 April 2014
Name ey MATK L. Yaskanin Practione! umber YO 240

Note: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications.
Submit multiple forms if more than one signature is required.*

forms are submitted.

|:| *Total of
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements of
the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2)
furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the
U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent application or
patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not be able to
process and/or examine your submission, which may result in termination of proceedings or abandonment of the
application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

Page 2

The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the
Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from
the Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to comply
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C.
218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency’s
responsibility to recommend improvements in records management practices and programs, under authority of
44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing
inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such
disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record
was filed in an application which became abandoned or in which the proceedings were terminated and which
application is referenced by either a published application, an application open to public inspection or an issued
patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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PTO/AIA/14 (12-13)

Approved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1985, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

) ) Attorney Docket Number | 109978.10104
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | PERCUTANEOUS BIOPROSTHETIC HEART VALVE AND A DELIVERY AND IMPLANTATION SYSTEM

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2

u Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Crder may not be filed electronically.)

Inventor Information:

Inventor 1
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
David PANIAGUA
Residence Information {(Select One) (&) US Residency () Non US Residency () Active US Military Service
City | Houston ‘ State/Province ‘ X | Country of Residence i | US

Mailing Address of Inventor:

Address 1 3813 Drummond Street

Address 2

City Houston | State/Province ‘ X

Postal Code 77025 | Country i us

Inventor 2

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
R. David FISH

Residence Information (Select One) (¢) USResidency () Non US Residency () Active US Military Service

City | Houston ‘ State/Province ‘ X | Country of Residencei| us

Mailing Address of Inventor:

Address 1 6349 Vanderbilt Street

Address 2

City Houston | State/Province ‘ X
Postal Code 77005 | Country i ‘ us

Inventor 3

Legal Name

Prefix| Given Name Middle Name Family Name Suffix

Residence Information (Select One) (o) US Residency () Non US Residency () Active US Military Service

EFS Web 2.2.11
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PTO/AIA/14 (12-13)

Approved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | 109978.10104

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | PERCUTANEOUS BIOPROSTHETIC HEART VALVE AND A DELIVERY AND IMPLANTATION SYSTEM

City State/Province ‘ | Country of Residence i

Mailing Address of Inventor:
Address 1
Address 2

City | State/Province ‘
Postal Code | Country i

Inventor 4

Legal Name

Prefix| Given Name Middle Name Family Name Suffix

Residence Information (Select One) (o) US Residency () Non US Residency () Active US Military Service
City ‘ State/Province ‘ | Country of Residence i |

Mailing Address of Inventor:
Address 1
Address 2

City | State/Province ‘
Postal Code | Country i ‘

Inventor 5

Legal Name

Prefix| Given Name Middle Name Family Name Suffix

Residence Information (Select One) (&) US Residency () Non US Residency () Active US Military Service
City ‘ State/Province ‘ | Country of Residence i

Mailing Address of Inventor:

Address 1

Address 2

City | State/Province ‘
Postal Code ‘ | Country i

All Inventors Must Be Listed - Additional Inventor Information blocks may be

generated within this form by selecting the Add button. Add

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

[ ] An Address is being provided for the correspondence Information of this application.
EFS Web 2.2.11
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PTO/AIA/14 (12-13)

Approved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | 109978.10104

Application Data Sheet 37 CFR 1.76 —
Application Number

Title of Invention | PERCUTANEQOUS BIOPROSTHETIC HEART VALVE AND A DELIVERY AND IMPLANTATION SYSTEM

Customer Number 29880

Email Address ‘ | AddEmail |  [Remove Email

Application Information:

Title of the Invention 2$§$EJANEOUS BIOPROSTHETIC HEART VALVE AND A DELIVERY AND IMPLANTATION
Attorney Docket Number| 109978.10104 Small Entity Status Claimed

Application Type Nonprovisional

Subject Matter Utility

Total Number of Drawing Sheets (if any) 12 Suggested Figure for Publication {(if any) | 8

Filing By Reference:

Only complete this section when filing an application by reference under 35 U.5.C. 111{c) and 37 CFR 1.57(a). Do not complete this secticn if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign pricrity information must be
provided in the appropriate section(s) below (i.e., “Domestic Benefit/National Stage Information” and “Foreign Pricrity Information”).

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a).

Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country i
filed application

Publication Information:
[] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Req uest Not to Publish. | hereby request that the attached application not be published under

35 U.S.C. 122(b} and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application {see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One: () Customer Number | (7 US Patent Practitioner ‘ (O Limited Recognition (37 CFR 11.9)

Customer Number 29880

EFS Web 2.2.11
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PTO/AIA/14 (12-13)

Approved for use through 01/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Data Sheet 37 CFR 1.76

Attorney Docket Number

109978.10104

Application Number

Title of Invention

PERCUTANEQUS BIOPROSTHETIC HEART VALVE AND A DELIVERY AND IMPLANTATION SYSTEM

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, or 365(c) or indicate National Stage

entry from a PCT application. Providing this information in the application data sheet constitutes the specific reference required
by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.

When referring to the current application, please leave the application number blank.

Prior Application Status

Pending

Remove

Application Number

Continuity Type

Prior Application Number

Filing Date (YYYY-MM-DD}

Continuation of 13675669 2012-11-13
Prior Application Status | Patented
Appieston T conmuyype | PropapeleEon [ Bnaee T eatentumber | o oo
13675665 Continuation of 10887688 2004-07-10 8308797 2012-11-13
Prior Application Status | Abandoned
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD}
10887688 Continuation in part of 10037266 2002-01-04

by selecting the Add button.

Additional Domestic Benefit/National Stage Data may be generated within this form

Add

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55(d). When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX) lthe information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(h){1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

| Remove |

Application Number

Country i

Filing Date (YYYY-MM-DD}

Access Codei (if applicable}

Add button.

Additional Foreign Priority Data may be generated within this form by selecting the

Add

EFS Web 2.2.11
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PTO/AIA/14 (12-13)

Approved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | 109978.10104

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | PERCUTANEOUS BIOPROSTHETIC HEART VALVE AND A DELIVERY AND IMPLANTATION SYSTEM

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition
Applications

This application (1} claims priority to or the benefit of an application filed before March 16, 2013 and (2) also

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[] 16, 2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March

18, 2013, will be examined under the first inventor to file provisions of the AlA.

Authorization to Permit Access:

Authorization to Permit Access to the Instant Application by the Participating Offices

If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO),

the Japan Patent Office (JPO), the Korean Intellectual Property Office (KIPO), the World Intellectual Property Office (WIPO),
and any other intellectual property offices in which a foreign application claiming priority to the instant patent application

is filed access to the instant patent application. See 37 CFR 1.14(c) and (h). This box should not be checked if the applicant
does not wish the EPO, JPO, KIPO, WIPO, or other intellectual property office in which a foreign application claiming priority
to the instant patent application is filed to have access to the instant patent application.

In accordance with 37 CFR 1.14(h)(3), access will be provided to a copy of the instant patent application with respect

to: 1) the instant patent application-as-filed; 2} any foreign application to which the instant patent application

claims priority under 35 U.S.C. 119(a)-(d) if a copy of the foreign application that satisfies the certified copy requirement of
37 CFR 1.55 has been filed in the instant patent application; and 3) any U_.S. application-as-filed from which benefit is
sought in the instant patent application.

In accordance with 37 CFR 1.14{c), access may be provided to information concerning the date of filing this Authorization.

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

EFS Web 2.2.11
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PTO/AIA/14 (12-13)

Approved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

) ) Attorney Docket Number | 109978.10104
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | PERCUTANEQUS BIOPROSTHETIC HEART VALVE AND A DELIVERY AND IMPLANTATION SYSTEM

Applicant 1

If the applicant is the inventor {or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be

identified in this section.

(®) Assignee () Legal Representative under 35U.S.C. 117 (O Joint Inventor

O Person to whom the inventor is obligated to assign. O Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

Name of the Deceased or Legally Incapacitated Inventor :

If the Applicant is an Crganization check here.

Organization Name | i Heart Valve LLC

Mailing Address Information:

Address 1 2150 W. 6th Ave, Unit M

Address 2

City Broomfield State/Province Cco
Country i| US Postal Code 80020
Phone Number Fax Number

Email Address

Additional Applicant Data may be generated within this form by selecting the Add butten. Add

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not subsitute for compliance with any requirement of part 3 of Title 37 of CFR to
have an assignment recorded by the Office.

Assignee 1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication . An assignee-applicant identified in the "Applicant Information" section will appear on the patent application
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

Remove

If the Assignee or Non-Applicant Assignee is an Crganization check here. []

EFS Web 2.2.11
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PTO/AIA/14 (12-13)

Approved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | 109978.10104

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | PERCUTANECUS BIOPROSTHETIC HEART VALVE AND A DELIVERY AND IMPLANTATION SYSTEM

Prefix Given Name Middle Name Family Name Suffix

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City State/Province
Country i Postal Code
Phone Number Fax Number

Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by

selecting the Add button. Add

Signature:

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and
certifications

Signature |/ Mark L. Yaskanin/ Date (YYYY-MM-DD)| 2014-04-15
First Name | Mark Last Name | Yaskanin Registration Number | 45246
Additional Signature may be generated within this form by selecting the Add button.

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

EFS Web 2.2.11
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-578) requires that you be given certain information in connection with your submission of the attached form related to
a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection
of this information is 35 U.5.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is
used by the U.S. Patent and Trademark Office is tc process and/or examine your submission related to a patent application or patent. If you do not
furnish the requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S.C. 552)
and the Privacy Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine
whether the Freedom of Information Act requires disclosure of these records.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or
administrative tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an
individual, to whom the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of
the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in
order to perform a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to § U.5.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed,
as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purpocses of National Security
review (35 U.8.C. 181) and for review pursuant to the Atomic Energy Act (42 U.8.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee,
during an inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records
management practices and programs, under authority of 44 U.5.C. 2804 and 2906. Such disclosure shall be made in accordance with the
GSA regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such
disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of the applicatiocn pursuanf|
to 35 U.5.C. 122(b) or issuance of a patent pursuant toc 35 U.5.C. 151. Further, a record may be disclosed, subject tc the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to public inspections or an issued
patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the
USPTO becomes aware of a violation or potential violation of law or regulation.

EFS Web 2.2.11
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Electronic Patent Application Fee Transmittal

Application Number:

Filing Date:

Title of Invention:

PERCUTANEOUS BIOPROSTHETIC HEART VALVE AND A DELIVERY AND

IMPLANTATION SYSTEM

First Named Inventor/Applicant Name:

David PANIAGUA

Filer:

Mark Lauren Yaskanin/Carol Donahue

Attorney Docket Number:

109978.10104

Filed as Small Entity

Track | Prioritized Examination - Nonprovisional Application under 35 USC 111(a) Filing Fees

Description Fee Code Quantity Amount SUB_STS::)I in
Basic Filing:

Utility filing Fee (Electronic filing) 4011 1 70 70

Utility Search Fee 2111 1 300 300

Utility Examination Fee 2311 1 360 360

Request for Prioritized Examination 2817 1 2000 2000
Pages:
Claims:

Miscellaneous-Filing:

Petition:
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Sub-Total in

Description Fee Code Quantity Amount USD($)
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 2730
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Electronic Acknowledgement Receipt

EFS ID: 18768381
Application Number: 14253650
International Application Number:
Confirmation Number: 5427
Title of Invention: PERCUTANEOUS BIOPROSTHETIC HEART VALVE AND A DELIVERY AND
: IMPLANTATION SYSTEM
First Named Inventor/Applicant Name: David PANIAGUA
Customer Number: 29880
Filer: Mark Lauren Yaskanin/Carol Donahue
Filer Authorized By: Mark Lauren Yaskanin
Attorney Docket Number: 109978.10104
Receipt Date: 15-APR-2014
Filing Date:
Time Stamp: 18:23:03

Application Type: Utility under 35 USC 111(a)
Payment information:
Submitted with Payment yes
Payment Type Credit Card
Payment was successfully received in RAM $2730
RAM confirmation Number 4952
Deposit Account 501943
Authorized User YASKANIN, MARK L.

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees)
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Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)
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PERCUTANEOUSLY IMPLANTABLE REPLACEMENT HEART VALVE

DEVICE AND METHOD OF MAKING SAME

CONTINUITY INFORMATION

[0001] The present application is a continuation application of U.S. Patent Application
No. 10/887,688 filed on July 10, 2004, now U.S. Patent No. 8,308,797, which is a continuation-
in-part application of U.S. Patent Application No. 10/037,266, filed on January 4, 2002 (now
abandoned). Both applications of which are incorporated herein by reference in their entireties.

BACKGROUND OF THE INVENTION

[0002] Field of the Invention

The present invention is in the field of heart valve replacement. More specifically, the
present invention is directed to a method of making a percutancously implantable replacement
heart valve.

[0003] 2. Description of Related Art

There have been numerous efforts in the field of heart valve replacement to improve both
the durability and effectiveness of replacement heart valves as well as the ease of implantation.
A brief description of heart valves and heart function follows to provide relevant background for
the present invention.

[0004] There are four valves in the heart that serve to direct the flow of blood through the
two sides of the heart in a forward direction. On the left (systemic) side of the heart are: 1) the
mitral valve, located between the left atrium and the left ventricle, and 2) the aortic valve,
located between the left ventricle and the aorta. These two valves direct oxygenated blood

coming from the lungs through the left side of the heart into the aorta for distribution to the body.
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On the right (pulmonary) side of the heart are: 1) the tricuspid valve, located between the right
atrium and the right ventricle, and 2) the pulmonary valve, located between the right ventricle
and the pulmonary artery. These two valves direct de-oxygenated blood coming from the body
through the right side of the heart into the pulmonary artery for distribution to the lungs, where it
again becomes re-oxygenated to begin the circuit anew.

[0005] Heart valves are passive structures that simply open and close in response to
differential pressures on either side of the particular valve. They consist of moveable “leaflets”
that are designed simply to open and close in response to differential pressures on either side of
the valve's leaflets. The mitral valve has two leaflets and the tricuspid valve has three. The
aortic and pulmonary valves are referred to as “semilunar valves” because of the unique
appearance of their leaflets, which are more aptly termed “cusps” and are shaped somewhat like
a half-moon. The aortic and pulmonary valves each have three cusps.

[0006] In general, the components of heart valves include the valve annulus, which will
remain as a roughly circular open ring after the leaflets of a diseased or damaged valve have
been removed; leaflets or cusps; papillary muscles which are attached at their bases to the
interior surface of the left or right ventricular wall; and multiple chordae tendineae, which couple
the valve leaflets or cusps to the papillary muscles. There is no one-to-one chordal connection
between the leaflets and the papillary muscles; instead, numerous chordac are present, and
chordae from each papillary muscle attach to both of the valve leaflets.

[0007] When the left ventricular wall relaxes so that the ventricular chamber enlarges and
draws in blood, the leaflets of the mitral valve separate and the valve opens. Oxygenated blood
flows in a downward direction through the valve, to fill the expanding ventricular cavity. Once

the left ventricular cavity has filled, the left ventricle contracts, causing a rapid rise in the left
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ventricular cavitary pressure. This causes the mitral valve to close while the aortic valve opens,
allowing the oxygenated blood to be ¢jected from the left ventricle into the aorta. The chordae
tendineac of the mitral valve prevent the mitral leaflets from prolapsing back into the left atrium
when the left ventricular chamber contracts.

[0008] The three leaflets, chordae tendineae, and papillary muscles of the tricuspid valve
function in a similar manner, in response to the filling of the right ventricle and its subsequent
contraction. The cusps of the aortic valve also respond passively to pressure differentials
between the left ventricle and the aorta. When the left ventricle contracts, the aortic valve cusps
open to allow the flow of oxygenated blood from the left ventricle into the aorta. When the left
ventricle relaxes, the aortic valve cusps reapproximate to prevent the blood which has entered the
aorta from leaking (regurgitating) back into the left ventricle. The pulmonary valve cusps
respond passively in the same manner in response to relaxation and contraction of the right
ventricle in moving de-oxygenated blood into the pulmonary artery and thence to the lungs for
re-oxygenation. Neither of these semilunar valves has associated chordac tendineae or papillary
muscles.

[0009] Problems that can develop with heart valves consist of stenosis, in which a valve
does not open properly, and/or insufficiency, also called regurgitation, in which a valve does not
close properly. In addition to stenosis and insufficiency of heart valves, heart valves may need to
be surgically repaired or replaced due to certain types of bacterial or fungal infections in which
the valve may continue to function normally, but nevertheless harbors an overgrowth of bacteria
(vegetation) on the leaflets of the valve that may embolize and lodge downstream in a vital
artery. If such vegetations are on the valves of the left side (i.e., the systemic circulation side) of

the heart, embolization may occur, resulting in sudden loss of the blood supply to the affected
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body organ and immediate malfunction of that organ. The organ most commonly affected by
such embolization is the brain, in which case the patient suffers a stroke. Thus, surgical
replacement of either the mitral or aortic valve (left-sided heart valves) may be necessary for this
problem even though neither stenosis nor insufficiency of either valve is present. Likewise,
bacterial or fungal vegetations on the tricuspid valve may embolize to the lungs resulting in a
lung abscess and therefore, may require replacement of the tricuspid valve even though no
tricuspid valve stenosis or insufficiency is present.

[0010] These problems are treated by surgical repair of valves, although often the valves
are too diseased to repair and must be replaced. If a heart valve must be replaced, there are
currently several options available, and the choice of a particular type of artificial valve depends
on factors such as the location of the valve, the age and other specifics of the patient, and the
surgeon’s experiences and preferences. Currently in the United States over 100,000 defective
heart valves are replaced annually, at an approximate cost of $30-50,000 per procedure, and thus
it would be desirable if heart valves could be replaced using minimally invasive techniques and
without having to repeat the procedure within a matter of years due to the lack of durability of
the replacement heart valve. It would be especially advantageous if a defective heart valve could
be removed via an endovascular procedure, that is, a procedure where the invasion into the body
is through a blood vessel such as the femoral artery. The procedure is then carried out
percutancously and transluminally using the vascular system to convey appropriate devices to the
position in the body wherein it is desired to carry out the desired procedure. An example of such
a procedure would be angioplasty, wherein a catheter carrying a small balloon at its distal end is

manipulated through the body's vessels to a point where there is a blockage in a vessel. The
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balloon is expanded to create an opening in the blockage, and then the balloon is deflated and the
catheter and balloon are removed from the vessel.

[0011] Endovascular procedures have substantial benefits both from the standpoint of
health and safety as well as cost. Such procedures require minimal invasion of the human body,
and there is consequently considerable reduction and in some instances even elimination, of the
use of a general anesthesia and much shorter hospital stays.

[0012] Replacement heart valves can be categorized as either artificial mechanical
valves, transplanted valves and tissue valves. Replacement heart valves are designed to optimize
hemodynamic performance, thrombogenicity and durability. Another factor taken into
consideration is the relative ease of surgical implantation.

[0013] Mechanical valves are typically constructed from nonbiological materials such as
plastics, metals and other artificial materials which, while durable, are expensive and prone to
blood clotting which increases the risk of an embolism. Anticoagulants taken to help against
blood clotting can further complicate the patient's health due to increased risks for hemorrhages.

[0014] Transplanted valves are natural valves taken from cadavers. These valves are
typically removed and frozen in liquid nitrogen, and are stored for later use. They are typically
fixed in glutaraldehyde to eliminate antigenicity and are sutured in place, typically with a stent.

[0015] Artificial tissue valves are valves constructed from animal tissue, such as bovine
or porcine tissue. Efforts have also been made at using tissue from the patient for which the
valve will be constructed.

[0016] Most tissue valves are constructed by sewing the leaflets of pig aortic valves to a
stent to hold the leaflets in proper position, or by constructing valve leaflets from the pericardial

sac of cows or pigs and sewing them to a stent. The porcine or bovine tissue is chemically
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treated to alleviate any antigenicity. The pericardium is a membrane that surrounds the heart and
isolates it from the rest of the chest wall structures. The pericardium is a thin and very slippery,
which makes it difficult for suturing in a millimetricly precise way. The method of making the
replacement heart valve of the present invention solves this problem through a process that
includes drying and compressing the pericardium using photo-mechanical compression in such a
way that makes it possible to handle and fold the material more easily.

[0017] For example, one prior replacement heart valve requires each sculpted leaflet to
be trimmed in a way that forms an extended flap, which becomes a relatively narrow strand of
tissue near its tip. The tip of each pericardial tissue strand is sutured directly to a papillary
muscle, causing the strand to mimic a chordae tendineae. Each strand extends from the center of
a leaflet in the valve, and each strand is sutured directly to either an anterior and posterior
papillary muscle. This requires each leaflet to be positioned directly over a papillary muscle.
This effectively rotates the leaflets of the valve about 90 degrees as compared to the leaflets of a
native valve. The line of commissure between the leaflets, when they are pressed together during
systole, will bisect (at a perpendicular angle) an imaginary line that crosses the peaks of the two
papillary muscles, instead of lying roughly along that line as occurs in a native valve.

[0018] A different approach to creating artificial tissue valves is described in U.S. Pat.
No. 5,163,955 to Calvin, et al. and U.S. Pat. Nos. 5,571,174 and 5,653,749 to Love. Using a
cutting die, the pericardial tissue is cut into a carefully defined geometric shape, treated with
glutaraldehyde, then clamped in a sandwich-fashion between two stent components. This creates
a tri-leaflet valve that resembles an aortic or pulmonary valve, having semilunar-type cusps

rather than atrioventricular-type leaflets.
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[0019] U.S. Pat. No. 3,671,979 to Moulopoulos describes an endovascularly inserted
conical shaped umbrella-like valve positioned and held in place by an elongated mounting
catheter at a supra-annular site to the aortic valve in a nearby arterial vessel. The conical end
points toward the malfunctioning aortic valve and the umbrella’s distal ends open up against the
aorta wall with reverse blood flow, thereby preventing regurgitation.

[0020] U.S. Pat. No. 4,056,854 to Boretos describes an endovascularly inserted, catheter
mounted, supra-annular valve in which the circular frame abuts the wall of the artery and
attached flaps of flexible membrane extend distally in the vasculature. The flaps lie against the
artery wall during forward flow, and close inward towards the central catheter to prevent
regurgitation during reverse blood flow. The Boretos valve was designed to be positioned
against the artery wall during forward flow, as compared to the mid-center position of the
Moulopoulos valve, to reduce the stagnation of blood flow and consequent thrombus and
embolic formation expected from a valve at mid-center position.

[0021] The main advantage of tissue valves is that they do not cause blood clots to form
as readily as do the mechanical valves, and therefore, they do not absolutely require systemic
anticoagulation. The major disadvantage of tissue valves is that they lack the long-term
durability of mechanical valves. Tissue valves have a significant failure rate, usually within ten
years following implantation. One cause of these failures is believed to be the chemical
treatment of the animal tissue that prevents it from being antigenic to the patient. In addition, the
presence of extensive suturing prevents the artificial tissue valve from being anatomically
accurate in comparison to a normal heart valve, even in the aortic valve position.

[0022] A shortcoming of prior artificial tissue valves has been the inability to effectively

simulate the exact anatomy of a native heart valve. Although transplanted human or porcine
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aortic valves have the gross appearance of native aortic valves, the fixation process (freezing
with liquid nitrogen, and chemical treatment, respectively) alters the histologic characteristics of
the valve tissue. Porcine and bovine pericardial valves not only require chemical preparation
(usually involving fixation with glutaraldehyde), but the leaflets must be sutured to cloth-covered
stents in order to hold the leaflets in position for proper opening and closing of the valve.
Additionally, the leaflets of most such tissue valves are constructed by cutting or suturing the
tissue material, resulting in leaflets that do not duplicate the form and function of a real valve and
are more susceptible to failure.
SUMMARY OF THE INVENTION

[0023] The present invention is a replacement heart valve device and method of making
same. The replacement heart valve device, in a preferred embodiment, comprises a stent made
of stainless steel or self-expanding nitinol and a completely newly designed artificial biological
tissue valve disposed within the inner space of the stent. The cusp or leaflet portion of the valve
means is formed by folding of the pericardium material preferably used to create the valve
without cutting of slits to form leaflets or suturing or otherwise affixing of separate leaflet
portions. Other forms of tissue and suitable synthetic materials can also be used for the valve,
formed in a sheet of starting material. The folded design provides a number of advantages over
prior designs, including improved resistance to tearing at suture lines. The cusps/leaflets open in
response to blood flow in one direction and close in response to blood flow in the opposite
direction. Preferably the tubular portion of the valve means contains the same number of cusps
as the native valve being replaced, in substantially the same size and configuration. The outer

surface of the valve means is attached to the stent member.
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[0024] The replacement heart valve device is preferably implanted using a delivery
system having a central part which consists of a flexible hollow tube catheter that allows a
metallic guide wire to be advanced inside it. The stented valve is collapsed over the central tube
and it is covered by a movable sheath. The sheath keeps the stented valve in the collapsed
position. Once the cover sheath is moved backwards, the stented valve can be deployed. The
endovascular stented-valve, in a preferred embodiment, is a glutaraldehyde fixed mammal
pericardium or synthetic biocompatible material which has two or three cusps that open distally
to permit unidirectional blood flow. The stent can either be self-expanding or the stent can be
expandable through use of a balloon catheter.

[0025] The present invention also comprises a method of making a replacement heart
valve device. In order to make the valve, the pericardium starting material is isolated and all the
fat tissue and extra fibers are removed. The biological membrane material is cleaned by
mechanical separation of unwanted layers using hydromechanical force means. Once the
pericardium is completely clean, the material is dried in order to make it easier to handle and
fold. Preferably, this drying is done by exposing the biocompatible membrane material to photo-
mechanical compression to remove all lipids from the pericardium or other biocompatible
membrane material and to cause protein denaturalization, transforming the material into a
stronger and more homogeneous surface. The valve is formed by taking a flat sheet of the
material and folding in such a way that forms a three-leaflet or other number of leaflet valve.
Then it is placed in a sequence of solutions, one of isopropyl alcohol of about 70-100%, one of
cthanol of about 70-100%, one of glycerol and one of glutaraldechyde, preferably at a
concentration of about 0.07-25% for approximately 36 hours. The material is dried in order to

make it easier to handle and fold. Preferably this drying is done by exposing the biocompatible
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membrane material to light and then mechanically compressing the material to cause protein
denaturation. This results in material that is stronger and more homogencous. The valve is
formed by taking a flat sheet of bovine or procine pericardium and folding it in such a way that
forms a three-leaflet valve. The valve can also be made in the same manner from fresh,
cryopreserved or glutaraldehyde fixed allografts or xenografts or synthetic non-biological, non-
thrombogenic material. The folding of the pericardium material to create the cusps or leaflets
reduces the extent of suturing otherwise required, and resembles the natural form and function of
the valve leaflets. The cleaning, pressing and drying technique used to create the valve material
makes the folding more practicable. The valve is rehydrated after being formed. The method of
the present invention also greatly reduces the risk of tearing of the cusps or leaflets, since they
are formed by folding a single uncut portion of material forming the valve rather than being
attached by suturing.

[0026] Once the endovascular implantation of the prosthetic valve device is completed in
the host, the function of the prosthetic valve device can be monitored by the same methods as
used to monitor valve replacements done by open heart surgery. Routine physical examination,
periodic echocardiography or angiography can be performed. In contrast to open heart surgery,
however, the host requires a short recovery period and can return home within one day of the
endovascular procedure. The replacement heart valve device of the present invention can be
used in any patient where bioprosthetic valves are indicated, namely elderly patients with cardiac
valve diseases, and patients unable to tolerate open heart procedures or life-long anticoagulation
medication and treatment. The present invention can be practiced in applications with respect to

each of the heart's valves.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 1 depicts a side perspective view of the replacement heart valve device of
the present invention in one embodiment with the valve in the closed position.

[0028] FIG. 2 depicts the folds which form the leaflets or cusps of the replacement heart
valve of the present invention in one embodiment.

[0029] FIGS. 3A and 3B depict a preferred procedure for folding the pericardium tissue
starting material to create the replacement heart valve of the present invention.

[0030] FIG. 4 depicts a side perspective view of the replacement heart valve device of
the present invention in one embodiment represented as if implanted within an artery.

[0031] FIG. 5 depicts a side view of one embodiment of the replacement heart valve
device of the present invention mounted within a self-expanding stent, with the stent in the
expanded position.

[0032] FIG. 6 depicts a side perspective view of one embodiment of the replacement
heart valve device of the present invention mounted within a self-expanding stent in the
collapsed position.

[0033] FIG. 7 depicts the suture points of one embodiment of the replacement heart valve
device of the present invention.

[0034] FIG. 8 depicts the implantation/delivery system used with the present invention in
a preferred embodiment.

[0035] FIGS. 9A, 9B and 9C depict a representation of a sheet of biocompatible valve

material showing preferred folds.
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DESCRIPTION OF A PREFERRED EMBODIMENT

[0036] The present invention comprises a percutaneously implantable replacement heart
valve and a method for making same. The artificial heart valve device of the present invention is
capable of exhibiting a variable diameter between a compressed or collapsed position and an
expanded position. A preferred embodiment of the replacement heart valve device according to
the present invention is set forth in FIG. 5. The replacement heart valve device comprises a stent
member 100 and a flexible valve means 200. The stent member 100 is preferably self-
expanding, although balloon-expandable stents can be used as well, and has a first polygonal
shape in its compressed or collapsed configuration and a second, larger polygonal shape in its
expanded configuration. Referring to FIG. 1, the valve means 200 comprises a generally tubular
portion 210 and, preferably, a peripheral upstanding cusp or leaflet portion 220. The valve
means 200 is disposed within the cylindrical stent member 100 with the tubular portion 210
transverse of and at some acute angle relative to the stent walls. The diameter of the tubular
portion 210 is substantially the same as the inside diameter of the stent member in its initial
expanded configuration. The peripheral upstanding cusp or leaflet portion 220 is disposed on
valve means 200 substantially parallel to the walls of the stent member similar to a cuff on a
shirt. The cusp or leaflet portion 220 of the valve means 200 is generally tubular in shape and
comprises three leaflets 221, 222 and 223 as shown, although it is understood that there could be
from two to four leaflets. The tubular portion of the valve means 200 is attached to the stent
member 100 by a plurality of sutures 300, as depicted in FIG. 7.

[0037] The leaflet portion 220 of the valve means 200 extends across or transverse of the
cylindrical stent 100. The leaflets 221, 222 and 223 are the actual valve and allow for one-way

flow of blood. The leaflet portion 220 as connected to the rest of the valve resembles the cuff of
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a shirt. FIG. 9 depicts the folds preferred for valve cusp and leaflet formation involving three
leaflets. The configuration of the stent member 100 and the flexible, resilient material of
construction allows the valve to collapse into a relatively small cylinder as seen in FIG. 6. The
replacement heart valve will not stay in its collapsed configuration without being restrained.
Once the restraint is removed, the self-expanding stent member 100 will cause the artificial heart
valve to take its expanded configuration, as seen in FIG. 5.

Stent Member

[0038] The stent member 100 preferably comprises a self-expanding nickel-titanium
alloy stent, also called “nitinol,” in a sine wave-like configuration as shown in FIG. 5. An
enlarged view of a preferred embodiment of the stent member for use in the replacement heart
valve of the invention is depicted in FIG. 5. The stent member 100 includes a length of wire 110
formed in a closed zigzag configuration. The wire can be a single piece, stamped or extruded, or
it could be formed by welding the free ends together. The straight sections of the stent member
100 are joined by bends. The stent is readily compressible to a small cylindrical shape as
depicted in FIGS. 6 and 8, and resiliently self-expandable to the shape shown in FIG. 5.

[0039] The stent member 100 of the artificial heart valve device of the present invention
may be made from various metal alloys, titanium, titanium alloy, nitinol, stainless steel, or other
resilient, flexible non-toxic, non-thrombogenic, physiologically acceptable and biocompatible
materials. The configuration may be the zigzag configuration shown or a sine wave
configuration, mesh configuration or a similar configuration which will allow the stent to be
readily collapsible and self-expandable. When a zigzag or sine wave configured stent member is
used, the diameter of the wire from which the stent is made is preferably from about 0.010 to

0.035 inches and still, preferably from about 0.012 to 0.025 inches. The diameter of the stent
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member will be from about 1.5 to 3.5 ¢m, preferably from about 1.75 to 3.00 cm, and the length
of the stent member will be from about 1.0 to 10 cm, preferably from about 1.1 to 5 cm.

[0040] The stent used in a preferred embodiment of the present invention is fabricated
from a “shaped memory” alloy, nitinol, which is composed of nickel and titanium. Nitinol wire
is first fashioned into the desired shape for the device and then the device is heat annealed. A
meshwork of nitinol wire of approximately 0.008 inch gauge is formed into a tubular structure
with a minimum central diameter of 20 min to make the stent. Away from its central portion, the
tubular structure flares markedly at both ends in a trumpet-like configuration. The maximum
diameter of the flared ends of the stent is approximately 50 mm. The purpose of the stent is to
maintain a semi-rigid patent channel through the discased cardiac valve following its
implantation.

[0041] When the components of the replacement heart valve device are exposed to cold
temperatures, they become very flexible and supple, allowing them to be compressed down and
pass casily through the delivery sheath. A cold temperature is maintained within the sheath
during delivery to the deployment site by constantly infusing the sheath with an iced saline
solution. Once the valve components are exposed to body temperature at the end of the sheath,
they instantaneously reassume their predetermined shapes, thus allowing them to function as
designed.

[0042] Preferably the stent member 100 carries a plurality of barbs extending outwardly
from the outside surface of the stent member for fixing the heart valve device in a desired
position. More preferably the barbs are disposed in two spaced-apart, circular configurations
with the barbs in one circle extending in an upstream direction and the barbs in the other circle

extending in a downstream direction. It is especially preferable that the barbs on the inflow side
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of the valve point in the direction of flow and the barbs on the outflow side point in the direction
opposite to flow. It is preferred that the stent be formed of titanium alloy wire or other flexible,
relatively rigid, physiologically acceptable material arranged in a closed zigzag configuration so
that the stent member will readily collapse and expand as pressure is applied and released,
respectively.

Valve Means

[0043] The valve means 200 is flexible, compressible, host-compatible, and non-
thrombogenic. The valve means 200 can be made from various materials, for example, fresh,
cryopreserved or glutaraldehyde fixed allografts or xenografts. Synthetic biocompatible
materials such as polytetrafluoroethylene, polyester, polyurethane, nitinol or other alloy/metal
foil sheet material and the like may be used. The preferred material for the valve means 200 is
mammal pericardium tissue, particularly juvenile-age animal pericardium tissue. The valve
means 200 is disposed within the cylindrical stent member 100 with the tubular portion 210
transverse of and at some acute angle relative to the stent walls. The diameter of the tubular
portion 210 is substantially the same as the inside diameter of the stent member 100 in its initial
expanded configuration. The peripheral upstanding cusp or leaflet portion 220 is disposed
substantially parallel to the walls of the stent member 100 similar to a cuff on a shirt.

[0044] The cusp or leaflet portion 220 of the valve means 200 is formed by folding of the
pericardium material used to create the valve. FIGS. 3A and 3B depict the way the sheet of heart
valve starting material is folded. The starting material is preferably a flat dry sheet, which can be
rectangular or other shaped. The cusps/leaflets 221, 222 and 223 open in response to blood flow
in one direction and close in response to blood flow in the opposite direction. Preferably the

cusp or leaflet portion 220 of the valve means 200 contains the same number of cusps as the
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native valve being replaced, in substantially the same size and configuration. FIGS. 9A-9C
depict a preferred configuration for folds to create the leaflets/cusps. The leaflet forming portion
is a single, continuous, uncut layer affixed to the interior of the cuff layer to form the
leaflets/cusps, unlike prior efforts that have involved suturing of three separate leaflet/cusp
portions onto the main valve body portion. The leaflets are formed from the free edge of the
material after forming the cuff portion. Referring now to FIGS. 9-A, 9B, and 9C, with flat sheet
on a table, a person facing the sheet would create a cuff at the upper border of sheet by folding
the horizontal top edge away/downwardly (fold no. 1). The leaflet portion is formed by folding
the sheet's lower half towards the folder/upwardly, as shown in FIG. 9A (fold no. 2). The sheet,
now with the upper cuff and bottom inward fold, is folded inwardly at two preferably equidistant
vertical points as shown in FIG. 9B to create the leaflet/cusp portion (folds nos. 3 and 4). The
leaflets/cusps are formed by folding fold nos. 6, 7 and 8 after the two opposite vertical edges of
sheet are joined to create a cylindrical valve shape, depicted in FIGS. 1 and 3B. The inner leaflet
layer is preferably attached to the outer cuff layer by curved or straight continuous suturing.
Although a preferred embodiment of the invention comprises a single piece of valve material
folded to create the valve body and a leaflet-forming portion that has no cuts or sutures, the
inventors have discovered that as long as the leaflet portion of the valve itself is formed from a
single piece of biocompatible valve material, the other portions of the valve can be formed by
suturing of one or more separate picces of material without losing the novel and improved
qualities of the present invention. This allows for the valve to be made even stronger, more
durable and easier to make. This alternate embodiment comprises a leaflet forming layer made
of a single piece of valve material attached to a separate piece forming the valve body having a

folded cuff portion. The single piece leaflet forming layer is preferably cylindrical in shape and
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can be formed with or without folding. In this embodiment the single piece leaflet layer can itself
be attached to the stent with or without a cylindrical cuff portion. Attachment is preferably by
suturing, particularly continuous single or double sutures.
Method of Making Replacement Heart Valve Device

[0045] The present invention also comprises a method of making a replacement heart
valve device. In order to make the valve, the biocompatible tissue material is isolated and all the
fat tissue and extra fibers are removed. Cleaning is preferably accomplished by using a
hydromechanical force-based cleaning device to separate tissue layers and hydration with
distilled water to remove unwanted layers. Once the pericardium is completely clean, it is
subjected to photo-mechanical compression, then the valve is formed and placed in sequential
solutions of isopropyl alcohol of about 70-100%, ethanol of about 70-100% glycerol and
glutaraldehyde preferably at a concentration of about 0.07-25% for about 36 hours, respectively.
The material is preferably photomechanically compressed to remove lipids and produce protein
coagulation to make the surface smoother and more compact and biocompatible, decreasing the
molecular distance of collagen fibers. The exposure to light and mechanical compression cause
protein denaturation making the material stronger and more homogeneous and biocompatible.
Gas sterilization can also be used to sterilize the tissue membrane material. The valve is formed
by taking a flat sheet of the material and folding it in such a way that forms a three-leaflet or
desired number of leaflet valve as shown in FIGS. 3A and 3B and/or FIGS. 9A, 9B and 9C. The
folding of the pericardium material to create the cusps or leaflets reduces the extent of suturing
otherwise required, and resembles the natural form and function of the valve leaflets. It also
greatly reduces the risk of tearing of the cusps or leaflets, since they are integral to the valve

rather than being attached by suturing.

17
25410123

Edwards Lifesciences Corporation, et al. Exhibit 1003, p. 35 of 2218



[0046] In a preferred embodiment, the single continuous piece of membrane is folded
inward to form an inner leaflet layer within the outer cuff. The single leaflet layer is then
attached to the cuff layer to form valve cusps in one of three preferred ways: (i) by curved or
straight continuous single or double sutures that affix and form the bases or recesses of the valve
cusps; (ii) by lengthwise suture lines attaching the leaflet layer to the cuff layer with the bases or
recesses of the valve cusps being thus formed of the folded edge of the membrane; (iii) by
further folding of the membrane into lengthwise pleats secured by lengthwise suture attaching
the leaflet layer to the cuff layer with the bases or recesses of the valve cusps being thus formed
of the folded edge of the membrane, done for the purpose of giving greater strength and
durability to the attachment points of the leaflet layer.

[0047] In order to make the pericardium material less slippery and easier to fold, the
pericardium is dried, preferably with artificial light using a multi-watt lamp with the pericardium
or other biocompatible membrane material placed in a flat aluminum surface to dry it
homogencously. A photomechanical drying machine can also be used. The final result is a
homogeneous tissue that looks like plastic paper and makes it easy to manipulate to fold and
suture the valve. Once the valve is formed, it is re-hydrated by placing it in a solution of water
and 70% alcohol. In approximately 3 days the valve is fully rehydrated. The suturing of
membrane layers to form the valve is done with single, double, or more continuous suture
material. This form of suturing has great advantages for durability and avoidance of damage to
the membrane and can be performed by sewing machines. The attachment points of the leaflet
layer to the cuff layer may be reinforced by folding an additional layer of membrane over the
attachment point before suturing, this layer being formed of a projected tab of the continuous

piece of leaflet membrane. The free edge of the leaflet layer may be straight or curved, and this
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free edge forming the free edges of the individual leaflets may be contoured in parabolic or
curved shape.
Attachment of the Valve Means to the Stent Member

[0048] The valve means 200 is then attached to the inner channel of the stent member
100 by suturing the outer surface of the valve means' pericardium material to the stent member.
FIG. 7 depicts preferred suture points of one embodiment of the present invention: 3-point
fixation or 6-point fixation at each border of the stent. Other fixation schemes can be utilized,
such as, by way of non-limiting example, fixation on both borders 18 points at each end
following a single plane and 36 fixation points following to adjacent vertical planes. The use of
only one plane of fixation points helps prevent systolic collapse of the proximal edge of the valve
means. A fold on the border of the pericardium material prevents tearing. The attachment
position of the valve is preferably closer to the proximal and wider part of the stent.

[0049] The sequence of steps can vary. The pericardium material can be fixed in
glutaraldehyde before attachment to the stent or the valve can be formed and then fixed with
glutaraldehyde after mounting it in the stent. One observation noted is that the material becomes
whiter and apparently increases its elasticity. 1 mm vascular clips keep the cusps coapted while
fixing them in glutaraldehyde. The use of metallic clips to keep both cusps adjacent to each
other after 24 hours of fixation in glutaraldehyde helps to educate the material and make the
primary position of the valve cusps adjacent to each other. After the clips are removed, there are
no lesions to the valve.

[0050] Different suture materials can be used, including, in a preferred embodiment,

Prolene 1-0 to 8-0 and Mersilene 1-0 to 8-0 which is a braided suture.
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Implantation of Replacement Heart Valve Device

[0051] The replacement heart valve device of the present invention is preferably used in
surgical procedures involving the percutancous and transluminal removal of the diseased or
defective heart valve and the percutanecous and transluminal implantation of the new heart valve
described above. The defective heart valve is removed by a suitable modality, such as, for
example, laser, ultrasound, mechanical, or other suitable forms of delivery of energy, or
phacoemulsion, including, but not limited to, laser lithotripsy, mechanical lithotripsy,
electrohydraulic lithotripsy, and laser or mechanical ablation. To remove the native heart valve
that is being replaced, a guidewire is inserted percutancously and transluminally using standard
vascular or angiography techniques. The distal end of the guidewire is manipulated to extend
through and across the defective heart valve. Then a catheter is advanced distally through the
femoral artery to a point proximal to the defective heart valve, between the origin of the coronary
artery and the origin of the right subclavian artery. The position of the distal end of catheter can
be monitored by observation of radiopaque markers. Collector member is preferably inflated and
occludes the aorta at a point between the origin of the coronary artery and the right subclavian
artery. Next, a balloon and cutting tool are advanced through the catheter so that the cutting tool
and uninflated balloon are distal to the defective heart valve. Optionally an additional step, such
as balloon dilatation or atherectomy, may be required to provide a passageway through the heart
valve. A catheter is also placed into the coronary sinus via a transjugular puncture. This catheter
is used for infusion of blood or cardioplegia solution during the portion of the procedure when
the aorta is occluded. The absence of valves in the cardiac venous system allows retrograde flow
so that there will be an effluence of fluid from the coronary arteries. This flow of fluid is desired

to prevent embolization of material into the coronary arteries during the procedure. Once the
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cutting tool is in place, the balloon is inflated and flexible shaft is rotated. Once the cutting tool
has reached the appropriate rotation speed, the cutting tool is pulled proximally to remove the
defective heart valve. The balloon and the cutting tool are spaced apart so that the inflated
balloon will be stopped by the perimeter, unremoved portion of the defective heart valve, which
will signal the physician that the valve has been removed, as well as protect the heart and aorta
from damage from the valve removal device. Once it is determined that the defective heart valve
has been removed, the cutting tool is slowed or stopped altogether and the balloon is deflated.
The cutting tool and the deflated balloon are pulled proximally through catheter. Then, a
catheter containing an artificial heart valve is inserted and the artificial heart valve is placed as
described above.

[0052] The delivery and implantation system of the replacement artificial heart valve of
the present invention percutancously and transluminally includes a flexible catheter 400 which
may be inserted into a vessel of the patient and moved within that vessel as depicted in FIG. 8.
The distal end 410 of the catheter 400, which is hollow and carries the replacement heart valve
device of the present invention in its collapsed configuration, is guided to a site where it is
desired to implant the replacement heart valve. The catheter has a pusher member 420 disposed
within the catheter lumen 430 and extending from the proximal end 440 of the catheter to the
hollow section at the distal end 410 of the catheter. Once the distal end 410 of the catheter is
positioned as desired, the pusher mechanism 420 is activated and the distal portion of the
replacement heart valve device is pushed out of the catheter and the stent member 100 partially
expands. In this position the stent member 100 is restrained so that it doesn't pop out and is held
for controlled release, with the potential that the replacement heart valve device can be recovered

if there is a problem with the positioning. The catheter 400 is then retracted slightly and the
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replacement heart valve device is completely pushed out of the catheter 400 and released from
the catheter to allow the stent member 100 to fully expand. If the stent member 100 preferably
includes two circles of barbs on its outer surface as previously described, the first push and
retraction will set one circle of barbs in adjacent tissue and the second push and release of the
replacement heart valve device will set the other circle of barbs in adjacent tissue and securely
fix the replacement heart valve device in place when the device is released from the catheter.
[0053] Alternatively, or in combination with the above, the replacement heart valve
device could be positioned over a metallic guidewire that is advanced through the catheter. The
replacement heart valve device of the present invention is preferably implanted percutancously
through an aortic passageway to, or near to, the location from which the natural heart valve has
been removed. Referring to FIG. &, the implantation system comprises a flexible hollow tube
catheter 410 with a metallic guide wire 450 disposed within it. The stented valve device is
collapsed over the tube and is covered by a moveable sheath 460. The moveable sheath 460
maintains the stented valve device in the collapsed position. The implantation method comprises
the following steps: inserting the replacement heart valve device in the lumen of a central blood
vessel via entry through the brachial or femoral artery using a needle or exposing the artery
surgically; placing a guide wire 450 through the entry vessel and advancing it to the desired
position; advancing dilators over the wire to increase the lumen of the entry site, thereby
preparing the artery to receive the heart-valve; and advancing the heart-valve device to the
desired place. The stented-valve device is released by pulling the cover sheath 460 of the
delivery system allowing the self-expanding stent to achieve its full expansion. A balloon

expandable stent can alternately be used to deliver the valve to its desired position. At this point,
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a pigtail catheter is advanced over the wire and an aortogram is performed to assess the
competency of the valve.

[0054] Before creation of the valve means and implantation, the patient is studied to
determine the architecture of the patient's heart. Useful techniques include fluoroscopy,
transesophageal echocardiography, MRI, and angiography. The results of this study will enable
the physician to determine the appropriate size for the replacement heart valve.

[0055] In one procedure for implantation of the replacement heart valve device of the
present invention, the femoral artery of the patient is canulated using a Cook needle and a
standard J wire is advanced into the artery either percutaneously or after surgical exposure of the
artery. An 8 F introducer is advanced into the femoral artery over the wire. The J wire is then
withdrawn and anticoagulation is started using heparin 60 U/Kg intravenously. Once vascular
access is obtained an aortogram is performed for anatomical evaluation. A special wire
(Lunderquist or Amplatz superstiff) is advanced into the aortic arch and dilators progressively
larger are advanced over the wire, starting with 12 F all the way to 18 F. After this the valve
introducer device containing the prosthetic valve device is then inserted and used to transport the
replacement valve over a guidewire to the desired position. The stented-valve is released by
pulling the cover sheath of the delivery system allowing the self-expanding stent to achieve its
full expansion. At this point, a pigtail catheter is advanced over the wire and repeat aortogram is
performed to assess the competency of the valve.

[0056] When the device is used to treat severe leakage of the aortic valve, the native
valve is left in place and the prosthetic stented valve is deployed below the subclavian artery.

When the device is used to treat aortic stenosis, first the stenotic valve needs to be opened using
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cither aortic valvuloplasty or cutting and if this procedure induces aortic insufficiency the stented
valve is placed to prevent the regurgitation.

[0057] Intravascular ultrasound or an angioscope passed intravascularly via either the
venous system through the intra-atrial septum across the mitral valve and into the left ventricle or
retrograde via the femoral artery would provide the added benefit of allowing constant high
definition imaging of the entire procedure and high flow irrigation.

[0058] Once the endovascular implantation of the prosthetic valve device is completed in
the host, the function of the prosthetic valve device can be monitored by the same methods as
used to monitor valve replacements done by open heart surgery. Routine physical examination,
periodic echocardiography or angiography can be performed. In contrast to open heart surgery,
however, the host requires a short recovery period and can return home within one day of the
endovascular procedure. The prosthetic valve device can be used in any patient where
bioprosthetic valves are indicated, namely elderly patients with cardiac valve diseases, and
patients unable to tolerate open heart procedures or life-long anticoagulation. In addition, with
the development of longer-life, flexible, non-thrombogenic synthetic valve alternatives to
bioprosthesis, the prosthetic valve device will be indicated in all patients where the relative
advantages of the life-span, the non-thrombogenic quality, and the ease of insertion of prosthetic
valve devices outweigh the disadvantages of mechanical valves. Anticoagulation may be
beneficial in certain clinical situations for either short or long term use.

[0059] This method of percutancous endovascular heart-valve replacement, in contrast to
open heart surgical procedures, requires only local anesthesia, partial or no cardiac bypass, one
to two days hospitalization, and should result in a reduced mortality rate as compared to open

heart procedures.
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[0060] While the present invention has been shown and described herein in what is
considered to be a preferred embodiment thereof, illustrating the results and advantages over the
prior art obtained through the present invention, the invention is not limited to the specific
embodiments described above. Thus, the forms of the invention shown and described herein are
to be taken as illustrative and other embodiments may be selected without departing from the

spirit and scope of the present invention.
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CLAIMS

What is claimed is:

1. A percutancously implantable replacement heart valve device comprising an
expandable stent member and a flexible, compressible artificial valve made of biocompatible
tissue material and disposed within the inner cavity of said stent member affixed at one or more
points on said artificial valve's outer surface to said stent member, said artificial valve having
cusps or leaflets formed by folding of a sheet of said biocompatible tissue material without
affixing of separate cusps or leaflets or cutting slits into said material to form said cusps or

leaflets.

2. The percutancously implantable replacement heart valve device of claim 1,
wherein said expandable stent member is made of a metal or alloy of metals selected from the

group consisting of nickel-titanium alloy, titanium and stainless steel.

3. The percutaneously implantable replacement heart valve device of claim 1,
wherein said biocompatible tissue material of said artificial valve comprises mammal

pericardium tissue.

4, The percutaneously implantable replacement heart valve device of claim 1,
wherein said biocompatible tissue material of said artificial valve comprises porcine pericardium

tissue.
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5. The percutaneously implantable replacement heart valve device of claim 1,
wherein said biocompatible tissue material of said artificial valve is obtained from a juvenile

animal pericardium.

6. The percutaneously implantable replacement heart valve device of claim 1,
wherein said biocompatible tissue material of said artificial valve comprises autologous tissue

obtained from the patient into whom said replacement heart valve device will be implanted.

7. The percutaneously implantable heart valve device of claim 1 , wherein said
biocompatible tissue material of said artificial valve comprises a synthetic biocompatible

material.

8. The percutancously implantable heart valve device of claim 7, wherein said
synthetic biocompatible material is selected from the group consisting of

polytetrafluoroethylene, polyester, metal, metal alloy including combinations thereof.

9. The percutaneously implantable heart valve device of claim 1, wherein said stent

member is self-expanding when implanted.

10. The percutaneously implantable heart valve device of claim 1, wherein said stent

member is balloon catheter expandable when implanted.
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11. A method of making a percutancously implantable replacement heart valve device
comprising the following steps:

obtaining a sheet of biocompatible tissue material;

drying said biocompatible tissue material;

folding said dried biocompatible tissue material to create inner cusps or leaflets and an
outer tubular cuff structure without affixing of separate cusps or leaflets or cutting slits into said
material to form said cusps or leaflets;

affixing said folded biocompatible tissue material at one or more points on its outer
surface to the inner cavity of a stent; and

soaking said biocompatible tissue material in one or more alcohol solutions and a

solution of glutaraldehyde.

12.  The method of making a percutaneously implantable replacement heart valve
device of claim 11, wherein said soaking step comprises soaking said biocompatible tissue
material in a solution of isopropyl alcohol, a solution of ethanol, a solution of glycerol and a

solution of gluteraldehyde.

13.  The method of making a percutaneously implantable replacement heart valve
device of claim 11, wherein said biocompatible tissue material comprises bovine pericardium

tissue.
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14.  The method of making a percutancously implantable replacement heart valve
device of claim 11, wherein said biocompatible tissue material comprises porcine pericardium

tissue.

15.  The method of making a percutaneously implantable replacement heart valve
device of claim 11 , wherein said biocompatible tissue material is obtained from a juvenile

animal pericardium.

16.  The method of making a percutancously implantable replacement heart valve
device of claim 11, wherein said biocompatible tissue material comprises autologous tissue

obtained from the patient into whom said replacement heart valve device will be implanted.

17. The percutancously implantable heart valve device of claim 11, wherein said
biocompatible tissue material of said artificial valve comprises a synthetic biocompatible

material.

18. The percutaneously implantable heart valve device of claim 17, wherein said
synthetic biocompatible material is selected from the group consisting of

polytetrafluoroethylene, polyester, metal, metal alloy including combinations thereof.

19.  The method of making a percutanecously implantable replacement heart valve
device of claim 11, wherein said stent is made of a metal or alloy of metals selected from the

group consisting of nickel-titanium alloy, titanium and stainless steel.
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20.  The method of making a percutaneously implantable replacement heart valve

device of claim 11, wherein said stent is self-expanding when implanted.

21.  The method of making a percutanecously implantable replacement heart valve

device of claim 11, wherein said stent is balloon catheter expandable when implanted.

22.  The method of making a percutaneously implantable replacement heart valve
device of claim 11, further comprising the step of cleaning said biocompatible tissue material

using hydromechanical force means.

23.  The method of making a percutancously implantable replacement heart valve of

claim 11, further comprising the step of compressing said biocompatible tissue material.

24.  The method of making a percutancously implantable replacement heart valve of

claim 11, further comprising the step of gas sterilization of said biocompatible tissue material.

25.  The method of making a percutaneously implantable replacement heart valve of
claim 11, wherein said drying step comprises photomechanical compression of said

biocompatible tissue material.
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26.  The method of making a percutaneously implantable replacement heart valve of
claim 11, wherein said folding step comprises folding of a first piece of said biocompatible tissue
material to create an outer tubular cuff structure, folding of a second separate piece of
biocompatible tissue material to create inner cusps or leaflets without affixing of separate cusps
or cutting slits into said second separate piece of biocompatible tissue material, and afixing said

second separate piece to said first piece.

27. A percutancously implantable replacement heart valve device comprising an
expandable stent member and a flexible, compressible artificial valve made of biocompatible
tissue material and disposed within the inner cavity of said stent member affixed at one or more
points on said artificial valve's outer surface to said stent member, said artificial valve
comprising a leaflet or cusp portion formed by folding of a first sheet portion of said
biocompatible tissue material without affixing of separate cusps or leaflets or cutting slits into
said sheet to form said cusps or leaflets, and an outer tubular cuff structure formed by folding a
second sheet portion of biocompatible tissue material, said first and second sheet portions being

affixed together.

28.  The device of claim 27, wherein said first sheet portion and said second sheet

portions are affixed together by suturing.
29.  The device of claim 28, wherein said suturing is in the form of double continuous

sutures.
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30. A percutancously implantable replacement heart valve device comprising an outer

cylindrical cuff portion and an inner uncut/unslit leaflet layer attached within said outer cuff

portion.

31.  The device of claim 30, wherein said leaflet layer is attached within said outer
cuff portion by suturing.

32.  The device of claim 31, wherein said suturing is in the form of double continuous
sutures.

33. A percutancously implantable replacement heart valve device comprising an

expandable stent member and a flexible, compressible artificial valve made of biocompatible
tissue material and disposed within the inner cavity of said stent member affixed at one or more
points on said artificial valve's outer surface to said stent member, said artificial valve
comprising a leaflet or cusp portion formed by folding of a first sheet portion of said
biocompatible tissue material without affixing of separate cusps or leaflets or cutting slits into

said sheet to form said cusps or leaflets.

32
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ABSTRACT
A method of making a replacement heart valve device whereby a fragment of
biocompatible tissue material is treated and soaked in one or more alcohol solutions and a
solution of glutaraldehyde. The dried biocompatible tissue material is folded and rehydrated in
such a way that forms a two- or three-leaflet/cusp valve without affixing of separate cusps or
leaflets or cutting slits into the biocompatible tissue material to form the cusps or leaflets. After
the biocompatible tissue material is folded, it is affixed at one or more points on the outer surface

to the inner cavity or a stent.
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FIG.3A
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FIG.3B
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Typed or printed name of person signing this certificate:
_ Carol Donahue
Signature: _ / Carol Donahue /

In Re the Application of: ) Confirmation No.: Not Yet Assigned
)
PANIAGUA et al. ) Group Art Unit: Not Yet Assigned
)
Application No.: Not Yet Assigned ) Examiner: Not Yet Assigned
)
Filed: Filed Herewith ) PRELIMINARY AMENDMENT
)
Atty. File No.: 109978.10104 ) (Filed Electronically)
)
For: PERCUTANEQOUS )
Certificate of EFS-Web Transmissi
BIOPROSTHETIC HEART ) I ]Tereb)cfac:n(}fy that ﬂlies corr:g;::c?;?c]; is being electronically
VALVE AND A DELIVERY AND ) transm_ined to the U.S. Patent And Trademark Office on
IMPLANTATION SYSTEM ) Al 2014
)

(as amended)

Commissioner for Patents

P.O. Box 1450

Alexandria Virginia 22313-1450

Dear Sir:
Prior to the initial review of the above-identified patent application by the Examiner,

please enter the following Preliminary Amendment.
Please amend the above-entitled patent application as follows:
Amendments To The Specification begin on page 2 of this paper.
Amendments To The Claims begin on page 6 of this paper.
Amendments To The Drawings begin on page 8 of this paper.
Remarks begin on page 9 of this paper.
Attachments begin after page 10 of this paper.

Applicants believe no additional fees are due for this submission. However, please credit

any over payment or debit any under payment to Deposit Account No. 50-1943.
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Preliminary Amendment
Filed on April 15, 2014

AMENDMENTS TO THE SPECIFICATION

Please amend the following paragraphs as noted. A marked up and a clean Specification

are in the Attachments to the Preliminary Amendment.

Please amend the Title as follows:

PERCUTANEOUS BIOPROSTHETIC HEART VALVE AND A DELIVERY AND
IMPLANTATION SYSTEM

[0001] The present application is a continuation application of U.S. Patent Application No.

13/675.665 filed on November 13, 2012, which is a continuation application of U.S. Patent

Application No. 10/887,688 filed on July 10, 2004, now U.S. Patent No. 8,308,797, which is a
continuation-in-part application of U.S. Patent Application No. 10/037,266, filed on January 4,

2002 (now abandoned). [[Both]] All of the foregoing applications ef-whiek are incorporated

herein by reference in their entireties.

[0025] The present invention also comprises a method of making a replacement heart valve
device. In order to make the valve, the pericardium starting material is isolated and all the fat
tissue and extra fibers are removed. The biological membrane material is cleaned by mechanical
separation of unwanted layers using hydromechanical force means. Once the pericardium is
completely clean, the material is dried in order to make it easier to handle and fold. Preferably,
this drying is done by exposing the biocompatible membrane material to photomechanical

compression to remove all lipids from the pericardium or other biocompatible membrane

2
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Filed on April 15, 2014

material and to cause protein denaturalization, transforming the material into a stronger and more
homogencous surface. The valve is formed by taking a flat sheet of the material and folding in
such a way that forms a three-leaflet or other number of leaflet valve. Then it is placed in a
sequence of solutions, one of isopropyl alcohol of about 70-100%, one of ethanol of about 70-
100%, one of glycerol and one of gluteraldehyde glutaraldehyde, preferably at a concentration of
about 0.07-25% for approximately 36 hours. The material is dried in order to make it casier to
handle and fold. Preferably this drying is done by exposing the biocompatible membrane
material to light and then mechanically compressing the material to cause protein denaturation.
This results in material that is stronger and more homogeneous. The valve is formed by taking a
flat sheet of bovine or preeinre porcine pericardium and folding it in such a way that forms a
three-leaflet valve. The valve can also be made in the same manner from fresh, cryopreserved or
glutaraldehyde fixed allografts or xenografts or synthetic non-biological, non- thrombogenic
material. The folding of the pericardium material to create the cusps or leaflets reduces the
extent of suturing otherwise required, and resembles the natural form and function of the valve
leaflets. The cleaning, pressing and drying technique used to create the valve material makes the
folding more practicable. The valve is rehydrated after being formed. The method of the present
invention also greatly reduces the risk of tearing of the cusps or leaflets, since they are formed by
folding a single uncut portion of material forming the valve rather than being attached by

suturing.

[0040] The stent used in a preferred embodiment of the present invention is fabricated from a
“shaped memory” alloy, nitinol, which is composed of nickel and titanium. Nitinol wire is first
fashioned into the desired shape for the device and then the device is heat anncaled. A

3
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meshwork of nitinol wire of approximately 0.008 inch gauge is formed into a tubular structure
with a minimum central diameter of 20 [[min]] mm to make the stent. Away from its central
portion, the tubular structure flares markedly at both ends in a trumpet-like configuration. The
maximum diameter of the flared ends of the stent is approximately 50 mm. The purpose of the
stent is to maintain a semi-rigid patent channel through the diseased cardiac valve following its

implantation.

[0045] The present invention also comprises a method of making a replacement heart valve
device. In order to make the valve, the biocompatible tissue material is isolated and all the fat
tissue and extra fibers are removed. Cleaning is preferably accomplished by using a
hydromechanical force-based cleaning device to separate tissue layers and hydration with
distilled water to remove unwanted layers. Once the pericardium is completely clean, it is
subjected to photo-mechanical compression, then the valve is formed and placed in sequential
solutions of isopropyl alcohol of about 70-100%, cthanol of about 70-100%, glycerol and
glutaraldehyde preferably at a concentration of about 0.07-25% for about 36 hours, respectively.
The material is preferably photomechanically compressed to remove lipids and produce protein
coagulation to make the surface smoother and more compact and biocompatible, decreasing the
molecular distance of collagen fibers. The exposure to light and mechanical compression cause
protein denaturation making the material stronger and more homogeneous and biocompatible.
Gas sterilization can also be used to sterilize the tissue membrane material. The valve is formed
by taking a flat sheet of the material and folding it in such a way that forms a three-leaflet or
desired number of leaflet valve as shown in FIGS. 3A and 3B and/or FIGS. 9A, 9B and 9C. The
folding of the pericardium material to create the cusps or leaflets reduces the extent of suturing

4
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otherwise required, and resembles the natural form and function of the valve leaflets. It also
greatly reduces the risk of tearing of the cusps or leaflets, since they are integral to the valve

rather than being attached by suturing.
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AMENDMENTS TO THE CLAIMS

This listing of claims will replace all prior versions, and listings, of claims in the
application:

Listing of Claims:

1.-33. (Cancelled)

34. (New) A percutaneous bioprosthetic heart valve and a delivery and
implantation system configured for percutaneous use where a bioprosthetic heart valve is
indicated, comprising:

a prosthetic heart valve including:

a stent member having an inner channel, the stent member collapsible,
expandable and configured for percutancous delivery, wherein the stent member
includes a tubular structure away from its central portion that flares at both ends
in a trumpet-like configuration; and

a valve means residing entirely within the inner channel of the stent
member, the valve means including an outer cuff layer and two to four individual
leaflets;

a catheter including a pusher member and a moveable sheath, both the pusher member
and the moveable sheath each including a lumen, wherein the pusher member is disposed
within the lumen of the moveable sheath, and wherein the prosthetic heart valve is collapsed onto
the pusher member to reside in a collapsed configuration on the pusher member and is restrained

in a collapsed configuration by the moveable sheath.
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35. (New) The percutancous bioprosthetic heart valve and the delivery and

implantation system of Claim 34, wherein the stent member is self-expanding.

36. (New) The percutancous bioprosthetic heart valve and the delivery and

implantation system of Claim 35, wherein the stent member comprises nitinol.

37. (New) The percutancous bioprosthetic heart valve and the delivery and
implantation system of Claim 34, wherein the stent member includes two circles of barbs on an

outer surface of the stent member.

38. (New) The percutancous bioprosthetic heart valve and the delivery and
implantation system of Claim 34, wherein the pusher member includes a controlled release

mechanism that can be activated.
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AMENDMENTS TO THE DRAWINGS

The attached sheets of drawings include replacement Figures 9A-9C. Please replace
Figures 9A-9C currently on file with the attached replacement drawings. Applicants believe no

new matter has been added with submittal of replacement drawings 9A-9C.
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REMARKS

Applicants request that this Preliminary Amendment be entered and the claims presented
herein be examined in this application.

Several typographical errors have been corrected in the amendments to the specification
noted herein. Applicants believe no new matter has been added with submittal of replacement
drawings 9A-9C.

Claims 1-33 have been cancelled and new Claims 34-38 have been added. Applicants
believe that support for all claims presented herein is provided in the first application in the
priority chain, namely, U.S. Pat. App. No. 10/037,266 filed on January 4, 2002. Applicants are
providing the following information to assist the examiner with assessing support for the claims
as presented herein. It is noted that other locations in the application may also provide support.

Citations below note the location for claim limitation support within U.S. Pat. App. No.
10/037,266 filed on January 4, 2002 (with paragraph numbering provided below matching that
within U.S. Pat. App. Pub. No. 2003/0130729 that corresponds to U.S. Pat. App. No. 10/037,266
filed on January 4, 2002).

Support for new independent Claim 34 can be found in at least Paragraphs 0037, 0042,
0057, 0058, and 0063 and in the figures including Figure 8 of U.S. Pat. App. No. 10/037,266
filed on January 4, 2002.

With regard to the dependent claims, the following summarizes locations with support for
the limitations:

Claim 35: Paragraph 40 within U.S. Pat. App. Pub. No. 2003/0130729 that corresponds

to U.S. Pat. App. No. 10/037,266 filed on January 4, 2002.
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Claim 36: Paragraph 40 within U.S. Pat. App. Pub. No. 2003/0130729 that corresponds
to U.S. Pat. App. No. 10/037,266 filed on January 4, 2002.

Claim 37: Paragraph 57 within U.S. Pat. App. Pub. No. 2003/0130729 that corresponds
to U.S. Pat. App. No. 10/037,266 filed on January 4, 2002.

Claim 38: Paragraph 57 within U.S. Pat. App. Pub. No. 2003/0130729 that corresponds
to U.S. Pat. App. No. 10/037,266 filed on January 4, 2002.

In the event that the Examiner has any questions regarding this Preliminary Amendment,

the Examiner is invited to contact the below-named attorney at (303) 446-3852.

Respectfully submitted,
FOX ROTHSCHILD LLP

/ Mark L. Yaskanin /
Mark L. Yaskanin
Registration No. 45,246
Customer No. 29880
Phone: (303) 446-3852
Facsimile: (303) 292-1300

Dated:_April 15, 2014

10
ACTIVE 25361503

Edwards Lifesciences Corporation, et al. Exhibit 1003, p. 73 of 2218



Preliminary Amendment
Filed on April 15, 2014

MARKED UP SPECIFICATION
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PERCHAANEOUSEY IMPEANTABEE REPEACEMENT HEAR VALV E

PEVACEAND-METHOD OEMAKINGSAME

PERCUTANEOUS BIOPROSTHETIC HEART VALVE AND A DELIVERY AND

IMPLANTATION SYSTEM

CONTINUITY INFORMATION

[0001] The present application is a continuation application of U.S. Patent Application

No. 13/675.665 filed on November 13, 2012, which is a continuation application of U.S. Patent

Application No. 10/887,688 filed on July 10, 2004, now U.S. Patent No. 8,308,797, which is a
continuation-in-part application of U.S. Patent Application No. 10/037,266, filed on January 4,

2002 (now abandoned). [[Both]] All of the foregoing applications ef-whieh are incorporated

herein by reference in their entireties.
BACKGROUND OF THE INVENTION

[0002] Field of the Invention

The present invention is in the field of heart valve replacement. More specifically, the
present invention is directed to a method of making a percutaneously implantable replacement
heart valve.

[0003] 2. Description of Related Art

There have been numerous efforts in the field of heart valve replacement to improve both
the durability and effectiveness of replacement heart valves as well as the ease of implantation.
A brief description of heart valves and heart function follows to provide relevant background for

the present invention.
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[0004] There are four valves in the heart that serve to direct the flow of blood through the
two sides of the heart in a forward direction. On the left (systemic) side of the heart are: 1) the
mitral valve, located between the left atrium and the left ventricle, and 2) the aortic valve,
located between the left ventricle and the aorta. These two valves direct oxygenated blood
coming from the lungs through the left side of the heart into the aorta for distribution to the body.
On the right (pulmonary) side of the heart are: 1) the tricuspid valve, located between the right
atrium and the right ventricle, and 2) the pulmonary valve, located between the right ventricle
and the pulmonary artery. These two valves direct de-oxygenated blood coming from the body
through the right side of the heart into the pulmonary artery for distribution to the lungs, where it
again becomes re-oxygenated to begin the circuit anew.

[0005] Heart valves are passive structures that simply open and close in response to
differential pressures on either side of the particular valve. They consist of moveable “leaflets”
that are designed simply to open and close in response to differential pressures on either side of
the valve's leaflets. The mitral valve has two leaflets and the tricuspid valve has three. The
aortic and pulmonary valves are referred to as “semilunar valves” because of the unique
appearance of their leaflets, which are more aptly termed “cusps” and are shaped somewhat like
a half-moon. The aortic and pulmonary valves each have three cusps.

[0006] In general, the components of heart valves include the valve annulus, which will
remain as a roughly circular open ring after the leaflets of a discased or damaged valve have
been removed; leaflets or cusps; papillary muscles which are attached at their bases to the
interior surface of the left or right ventricular wall; and multiple chordae tendineae, which couple

the valve leaflets or cusps to the papillary muscles. There is no one-to-one chordal connection
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between the leaflets and the papillary muscles; instead, numerous chordae are present, and
chordae from each papillary muscle attach to both of the valve leaflets.

[0007] When the left ventricular wall relaxes so that the ventricular chamber enlarges and
draws in blood, the leaflets of the mitral valve separate and the valve opens. Oxygenated blood
flows in a downward direction through the valve, to fill the expanding ventricular cavity. Once
the left ventricular cavity has filled, the left ventricle contracts, causing a rapid rise in the left
ventricular cavitary pressure. This causes the mitral valve to close while the aortic valve opens,
allowing the oxygenated blood to be ejected from the left ventricle into the aorta. The chordae
tendineac of the mitral valve prevent the mitral leaflets from prolapsing back into the left atrium
when the left ventricular chamber contracts.

[0008] The three leaflets, chordae tendineae, and papillary muscles of the tricuspid valve
function in a similar manner, in response to the filling of the right ventricle and its subsequent
contraction. The cusps of the aortic valve also respond passively to pressure differentials
between the left ventricle and the aorta. When the left ventricle contracts, the aortic valve cusps
open to allow the flow of oxygenated blood from the left ventricle into the aorta. When the left
ventricle relaxes, the aortic valve cusps reapproximate to prevent the blood which has entered the
aorta from leaking (regurgitating) back into the left ventricle. The pulmonary valve cusps
respond passively in the same manner in response to relaxation and contraction of the right
ventricle in moving de-oxygenated blood into the pulmonary artery and thence to the lungs for
re-oxygenation. Neither of these semilunar valves has associated chordae tendineae or papillary
muscles.

[0009] Problems that can develop with heart valves consist of stenosis, in which a valve

does not open properly, and/or insufficiency, also called regurgitation, in which a valve does not
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close properly. In addition to stenosis and insufficiency of heart valves, heart valves may need to
be surgically repaired or replaced due to certain types of bacterial or fungal infections in which
the valve may continue to function normally, but nevertheless harbors an overgrowth of bacteria
(vegetation) on the leaflets of the valve that may embolize and lodge downstream in a vital
artery. If such vegetations are on the valves of the left side (i.e., the systemic circulation side) of
the heart, embolization may occur, resulting in sudden loss of the blood supply to the affected
body organ and immediate malfunction of that organ. The organ most commonly affected by
such embolization is the brain, in which case the patient suffers a stroke. Thus, surgical
replacement of either the mitral or aortic valve (left-sided heart valves) may be necessary for this
problem even though neither stenosis nor insufficiency of either valve is present. Likewise,
bacterial or fungal vegetations on the tricuspid valve may embolize to the lungs resulting in a
lung abscess and therefore, may require replacement of the tricuspid valve even though no
tricuspid valve stenosis or insufficiency is present.

[0010] These problems are treated by surgical repair of valves, although often the valves
are too diseased to repair and must be replaced. If a heart valve must be replaced, there are
currently several options available, and the choice of a particular type of artificial valve depends
on factors such as the location of the valve, the age and other specifics of the patient, and the
surgeon’s experiences and preferences. Currently in the United States over 100,000 defective
heart valves are replaced annually, at an approximate cost of $30-50,000 per procedure, and thus
it would be desirable if heart valves could be replaced using minimally invasive techniques and
without having to repeat the procedure within a matter of years due to the lack of durability of
the replacement heart valve. It would be especially advantageous if a defective heart valve could

be removed via an endovascular procedure, that is, a procedure where the invasion into the body
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is through a blood vessel such as the femoral artery. The procedure is then carried out
percutaneously and transluminally using the vascular system to convey appropriate devices to the
position in the body wherein it is desired to carry out the desired procedure. An example of such
a procedure would be angioplasty, wherein a catheter carrying a small balloon at its distal end is
manipulated through the body's vessels to a point where there is a blockage in a vessel. The
balloon is expanded to create an opening in the blockage, and then the balloon is deflated and the
catheter and balloon are removed from the vessel.

[0011] Endovascular procedures have substantial benefits both from the standpoint of
health and safety as well as cost. Such procedures require minimal invasion of the human body,
and there is consequently considerable reduction and in some instances even elimination, of the
use of a general anesthesia and much shorter hospital stays.

[0012] Replacement heart valves can be categorized as cither artificial mechanical
valves, transplanted valves and tissue valves. Replacement heart valves are designed to optimize
hemodynamic performance, thrombogenicity and durability. Another factor taken into
consideration is the relative ease of surgical implantation.

[0013] Mechanical valves are typically constructed from nonbiological materials such as
plastics, metals and other artificial materials which, while durable, are expensive and prone to
blood clotting which increases the risk of an embolism. Anticoagulants taken to help against
blood clotting can further complicate the patient's health due to increased risks for hemorrhages.

[0014] Transplanted valves are natural valves taken from cadavers. These valves are
typically removed and frozen in liquid nitrogen, and are stored for later use. They are typically

fixed in glutaraldehyde to eliminate antigenicity and are sutured in place, typically with a stent.
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[0015] Artificial tissue valves are valves constructed from animal tissue, such as bovine
or porcine tissue. Efforts have also been made at using tissue from the patient for which the
valve will be constructed.

[0016] Most tissue valves are constructed by sewing the leaflets of pig aortic valves to a
stent to hold the leaflets in proper position, or by constructing valve leaflets from the pericardial
sac of cows or pigs and sewing them to a stent. The porcine or bovine tissue is chemically
treated to alleviate any antigenicity. The pericardium is a membrane that surrounds the heart and
isolates it from the rest of the chest wall structures. The pericardium is a thin and very slippery,
which makes it difficult for suturing in a millimetricly precise way. The method of making the
replacement heart valve of the present invention solves this problem through a process that
includes drying and compressing the pericardium using photo-mechanical compression in such a
way that makes it possible to handle and fold the material more easily.

[0017] For example, one prior replacement heart valve requires each sculpted leaflet to
be trimmed in a way that forms an extended flap, which becomes a relatively narrow strand of
tissue near its tip. The tip of each pericardial tissue strand is sutured directly to a papillary
muscle, causing the strand to mimic a chordae tendineae. Each strand extends from the center of
a leaflet in the valve, and each strand is sutured directly to either an anterior and posterior
papillary muscle. This requires cach leaflet to be positioned directly over a papillary muscle.
This effectively rotates the leaflets of the valve about 90 degrees as compared to the leaflets of a
native valve. The line of commissure between the leaflets, when they are pressed together during
systole, will bisect (at a perpendicular angle) an imaginary line that crosses the peaks of the two

papillary muscles, instead of lying roughly along that line as occurs in a native valve.
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[0018] A different approach to creating artificial tissue valves is described in U.S. Pat.
No. 5,163,955 to Calvin, et al. and U.S. Pat. Nos. 5,571,174 and 5,653,749 to Love. Using a
cutting die, the pericardial tissue is cut into a carefully defined geometric shape, treated with
glutaraldehyde, then clamped in a sandwich-fashion between two stent components. This creates
a tri-leaflet valve that resembles an aortic or pulmonary valve, having semilunar-type cusps
rather than atrioventricular-type leaflets.

[0019] U.S. Pat. No. 3,671,979 to Moulopoulos describes an endovascularly inserted
conical shaped umbrella-like valve positioned and held in place by an elongated mounting
catheter at a supra-annular site to the aortic valve in a nearby arterial vessel. The conical end
points toward the malfunctioning aortic valve and the umbrella’s distal ends open up against the
aorta wall with reverse blood flow, thereby preventing regurgitation.

[0020] U.S. Pat. No. 4,056,854 to Boretos describes an endovascularly inserted, catheter
mounted, supra-annular valve in which the circular frame abuts the wall of the artery and
attached flaps of flexible membrane extend distally in the vasculature. The flaps lie against the
artery wall during forward flow, and close inward towards the central catheter to prevent
regurgitation during reverse blood flow. The Boretos valve was designed to be positioned
against the artery wall during forward flow, as compared to the mid-center position of the
Moulopoulos valve, to reduce the stagnation of blood flow and consequent thrombus and
embolic formation expected from a valve at mid-center position.

[0021] The main advantage of tissue valves is that they do not cause blood clots to form
as readily as do the mechanical valves, and therefore, they do not absolutely require systemic
anticoagulation. The major disadvantage of tissue valves is that they lack the long-term

durability of mechanical valves. Tissue valves have a significant failure rate, usually within ten
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years following implantation. One cause of these failures is believed to be the chemical
treatment of the animal tissue that prevents it from being antigenic to the patient. In addition, the
presence of extensive suturing prevents the artificial tissue valve from being anatomically
accurate in comparison to a normal heart valve, even in the aortic valve position.

[0022] A shortcoming of prior artificial tissue valves has been the inability to effectively
simulate the exact anatomy of a native heart valve. Although transplanted human or porcine
aortic valves have the gross appearance of native aortic valves, the fixation process (freezing
with liquid nitrogen, and chemical treatment, respectively) alters the histologic characteristics of
the valve tissue. Porcine and bovine pericardial valves not only require chemical preparation
(usually involving fixation with glutaraldehyde), but the leaflets must be sutured to cloth-covered
stents in order to hold the leaflets in position for proper opening and closing of the valve.
Additionally, the leaflets of most such tissue valves are constructed by cutting or suturing the
tissue material, resulting in leaflets that do not duplicate the form and function of a real valve and
are more susceptible to failure.

SUMMARY OF THE INVENTION

[0023] The present invention is a replacement heart valve device and method of making
same. The replacement heart valve device, in a preferred embodiment, comprises a stent made
of stainless steel or self-expanding nitinol and a completely newly designed artificial biological
tissue valve disposed within the inner space of the stent. The cusp or leaflet portion of the valve
means is formed by folding of the pericardium material preferably used to create the valve
without cutting of slits to form leaflets or suturing or otherwise affixing of separate leaflet
portions. Other forms of tissue and suitable synthetic materials can also be used for the valve,

formed in a sheet of starting material. The folded design provides a number of advantages over
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prior designs, including improved resistance to tearing at suture lines. The cusps/leaflets open in
response to blood flow in one direction and close in response to blood flow in the opposite
direction. Preferably the tubular portion of the valve means contains the same number of cusps
as the native valve being replaced, in substantially the same size and configuration. The outer
surface of the valve means is attached to the stent member.

[0024] The replacement heart valve device is preferably implanted using a delivery
system having a central part which consists of a flexible hollow tube catheter that allows a
metallic guide wire to be advanced inside it. The stented valve is collapsed over the central tube
and it is covered by a movable sheath. The sheath keeps the stented valve in the collapsed
position. Once the cover sheath is moved backwards, the stented valve can be deployed. The
endovascular stented-valve, in a preferred embodiment, is a glutaraldehyde fixed mammal
pericardium or synthetic biocompatible material which has two or three cusps that open distally
to permit unidirectional blood flow. The stent can either be self-expanding or the stent can be
expandable through use of a balloon catheter.

[0025] The present invention also comprises a method of making a replacement heart
valve device. In order to make the valve, the pericardium starting material is isolated and all the
fat tissue and extra fibers are removed. The biological membrane material is cleaned by
mechanical separation of unwanted layers using hydromechanical force means. Once the
pericardium is completely clean, the material is dried in order to make it easier to handle and
fold. Preferably, this drying is done by exposing the biocompatible membrane material to
photomechanical compression to remove all lipids from the pericardium or other biocompatible
membrane material and to cause protein denaturalization, transforming the material into a

stronger and more homogeneous surface. The valve is formed by taking a flat sheet of the
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material and folding in such a way that forms a three-leaflet or other number of leaflet valve.
Then it is placed in a sequence of solutions, one of isopropyl alcohol of about 70-100%, one of
cthanol of about 70-100%, one of glycerol and one of gluteraldehyde glutaraldehyde, preferably
at a concentration of about 0.07-25% for approximately 36 hours. The material is dried in order
to make it casier to handle and fold. Preferably this drying is done by exposing the
biocompatible membrane material to light and then mechanically compressing the material to
cause protein denaturation. This results in material that is stronger and more homogeneous. The
valve is formed by taking a flat sheet of bovine or preeire porcine pericardium and folding it in
such a way that forms a three-leaflet valve. The valve can also be made in the same manner
from fresh, cryopreserved or glutaraldehyde fixed allografts or xenografts or synthetic non-
biological, non- thrombogenic material. The folding of the pericardium material to create the
cusps or leaflets reduces the extent of suturing otherwise required, and resembles the natural
form and function of the valve leaflets. The cleaning, pressing and drying technique used to
create the valve material makes the folding more practicable. The valve is rehydrated after being
formed. The method of the present invention also greatly reduces the risk of tearing of the cusps
or leaflets, since they are formed by folding a single uncut portion of material forming the valve

rather than being attached by suturing,.

[0026] Once the endovascular implantation of the prosthetic valve device is completed in
the host, the function of the prosthetic valve device can be monitored by the same methods as
used to monitor valve replacements done by open heart surgery. Routine physical examination,
periodic echocardiography or angiography can be performed. In contrast to open heart surgery,
however, the host requires a short recovery period and can return home within one day of the

endovascular procedure. The replacement heart valve device of the present invention can be
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used in any patient where bioprosthetic valves are indicated, namely elderly patients with cardiac
valve diseases, and patients unable to tolerate open heart procedures or life-long anticoagulation
medication and treatment. The present invention can be practiced in applications with respect to

each of the heart's valves.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 1 depicts a side perspective view of the replacement heart valve device of
the present invention in one embodiment with the valve in the closed position.

[0028] FIG. 2 depicts the folds which form the leaflets or cusps of the replacement heart
valve of the present invention in one embodiment.

[0029] FIGS. 3A and 3B depict a preferred procedure for folding the pericardium tissue
starting material to create the replacement heart valve of the present invention.

[0030] FIG. 4 depicts a side perspective view of the replacement heart valve device of
the present invention in one embodiment represented as if implanted within an artery.

[0031] FIG. 5 depicts a side view of one embodiment of the replacement heart valve
device of the present invention mounted within a self-expanding stent, with the stent in the
expanded position.

[0032] FIG. 6 depicts a side perspective view of one embodiment of the replacement
heart valve device of the present invention mounted within a self-expanding stent in the
collapsed position.

[0033] FIG. 7 depicts the suture points of one embodiment of the replacement heart valve
device of the present invention.

[0034] FIG. 8 depicts the implantation/delivery system used with the present invention in

a preferred embodiment.
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[0035] FIGS. 9A, 9B and 9C depict a representation of a sheet of biocompatible valve

material showing preferred folds.

DESCRIPTION OF A PREFERRED EMBODIMENT

[0036] The present invention comprises a percutancously implantable replacement heart
valve and a method for making same. The artificial heart valve device of the present invention is
capable of exhibiting a variable diameter between a compressed or collapsed position and an
expanded position. A preferred embodiment of the replacement heart valve device according to
the present invention is set forth in FIG. 5. The replacement heart valve device comprises a stent
member 100 and a flexible valve means 200. The stent member 100 is preferably self-
expanding, although balloon-expandable stents can be used as well, and has a first polygonal
shape in its compressed or collapsed configuration and a second, larger polygonal shape in its
expanded configuration. Referring to FIG. 1, the valve means 200 comprises a generally tubular
portion 210 and, preferably, a peripheral upstanding cusp or leaflet portion 220. The valve
means 200 is disposed within the cylindrical stent member 100 with the tubular portion 210
transverse of and at some acute angle relative to the stent walls. The diameter of the tubular
portion 210 is substantially the same as the inside diameter of the stent member in its initial
expanded configuration. The peripheral upstanding cusp or leaflet portion 220 is disposed on
valve means 200 substantially parallel to the walls of the stent member similar to a cuff on a
shirt. The cusp or leaflet portion 220 of the valve means 200 is generally tubular in shape and

comprises three leaflets 221, 222 and 223 as shown, although it is understood that there could be
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from two to four leaflets. The tubular portion of the valve means 200 is attached to the stent
member 100 by a plurality of sutures 300, as depicted in FIG. 7.

[0037] The leaflet portion 220 of the valve means 200 extends across or transverse of the
cylindrical stent 100. The leaflets 221, 222 and 223 are the actual valve and allow for one-way
flow of blood. The leaflet portion 220 as connected to the rest of the valve resembles the cuff of
a shirt. FIG. 9 depicts the folds preferred for valve cusp and leaflet formation involving three
leaflets. The configuration of the stent member 100 and the flexible, resilient material of
construction allows the valve to collapse into a relatively small cylinder as seen in FIG. 6. The
replacement heart valve will not stay in its collapsed configuration without being restrained.
Once the restraint is removed, the self-expanding stent member 100 will cause the artificial heart
valve to take its expanded configuration, as seen in FIG. 5.

Stent Member

[0038] The stent member 100 preferably comprises a self-expanding nickel-titanium
alloy stent, also called “nitinol,” in a sine wave-like configuration as shown in FIG. 5. An
enlarged view of a preferred embodiment of the stent member for use in the replacement heart
valve of the invention is depicted in FIG. 5. The stent member 100 includes a length of wire 110
formed in a closed zigzag configuration. The wire can be a single piece, stamped or extruded, or
it could be formed by welding the free ends together. The straight sections of the stent member
100 are joined by bends. The stent is readily compressible to a small cylindrical shape as
depicted in FIGS. 6 and 8, and resiliently self-expandable to the shape shown in FIG. 5.

[0039] The stent member 100 of the artificial heart valve device of the present invention
may be made from various metal alloys, titanium, titanium alloy, nitinol, stainless steel, or other

resilient, flexible non-toxic, non-thrombogenic, physiologically acceptable and biocompatible
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materials. The configuration may be the zigzag configuration shown or a sine wave
configuration, mesh configuration or a similar configuration which will allow the stent to be
readily collapsible and self-expandable. When a zigzag or sine wave configured stent member is
used, the diameter of the wire from which the stent is made is preferably from about 0.010 to
0.035 inches and still, preferably from about 0.012 to 0.025 inches. The diameter of the stent
member will be from about 1.5 to 3.5 ¢m, preferably from about 1.75 to 3.00 ¢cm, and the length
of the stent member will be from about 1.0 to 10 cm, preferably from about 1.1 to 5 cm.

[0040] The stent used in a preferred embodiment of the present invention is fabricated
from a “shaped memory” alloy, nitinol, which is composed of nickel and titanium. Nitinol wire
is first fashioned into the desired shape for the device and then the device is heat annealed. A
meshwork of nitinol wire of approximately 0.008 inch gauge is formed into a tubular structure
with a minimum central diameter of 20 [[min]] mm to make the stent. Away from its central
portion, the tubular structure flares markedly at both ends in a trumpet-like configuration. The
maximum diameter of the flared ends of the stent is approximately 50 mm. The purpose of the
stent is to maintain a semi-rigid patent channel through the diseased cardiac valve following its
implantation.

[0041] When the components of the replacement heart valve device are exposed to cold
temperatures, they become very flexible and supple, allowing them to be compressed down and
pass casily through the delivery sheath. A cold temperature is maintained within the sheath
during delivery to the deployment site by constantly infusing the sheath with an iced saline
solution. Once the valve components are exposed to body temperature at the end of the sheath,
they instantaneously reassume their predetermined shapes, thus allowing them to function as

designed.
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[0042] Preferably the stent member 100 carries a plurality of barbs extending outwardly
from the outside surface of the stent member for fixing the heart valve device in a desired
position. More preferably the barbs are disposed in two spaced-apart, circular configurations
with the barbs in one circle extending in an upstream direction and the barbs in the other circle
extending in a downstream direction. It is especially preferable that the barbs on the inflow side
of the valve point in the direction of flow and the barbs on the outflow side point in the direction
opposite to flow. It is preferred that the stent be formed of titanium alloy wire or other flexible,
relatively rigid, physiologically acceptable material arranged in a closed zigzag configuration so
that the stent member will readily collapse and expand as pressure is applied and released,
respectively.

Valve Means

[0043] The valve means 200 is flexible, compressible, host-compatible, and non-
thrombogenic. The valve means 200 can be made from various materials, for example, fresh,
cryopreserved or glutaraldehyde fixed allografts or xenografts. Synthetic biocompatible
materials such as polytetrafluoroethylene, polyester, polyurethane, nitinol or other alloy/metal
foil sheet material and the like may be used. The preferred material for the valve means 200 is
mammal pericardium tissue, particularly juvenile-age animal pericardium tissue. The valve
means 200 is disposed within the cylindrical stent member 100 with the tubular portion 210
transverse of and at some acute angle relative to the stent walls. The diameter of the tubular
portion 210 is substantially the same as the inside diameter of the stent member 100 in its initial
expanded configuration. The peripheral upstanding cusp or leaflet portion 220 is disposed

substantially parallel to the walls of the stent member 100 similar to a cuff on a shirt.
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[0044] The cusp or leaflet portion 220 of the valve means 200 is formed by folding of the
pericardium material used to create the valve. FIGS. 3A and 3B depict the way the sheet of heart
valve starting material is folded. The starting material is preferably a flat dry sheet, which can be
rectangular or other shaped. The cusps/leaflets 221, 222 and 223 open in response to blood flow
in one¢ direction and close in response to blood flow in the opposite direction. Preferably the
cusp or leaflet portion 220 of the valve means 200 contains the same number of cusps as the
native valve being replaced, in substantially the same size and configuration. FIGS. 9A-9C
depict a preferred configuration for folds to create the leaflets/cusps. The leaflet forming portion
is a single, continuous, uncut layer affixed to the interior of the cuff layer to form the
leaflets/cusps, unlike prior efforts that have involved suturing of three separate leaflet/cusp
portions onto the main valve body portion. The leaflets are formed from the free edge of the
material after forming the cuff portion. Referring now to FIGS. 9-A, 9B, and 9C, with flat sheet
on a table, a person facing the sheet would create a cuff at the upper border of sheet by folding
the horizontal top edge away/downwardly (fold no. 1). The leaflet portion is formed by folding
the sheet's lower half towards the folder/upwardly, as shown in FIG. 9A (fold no. 2). The sheet,
now with the upper cuff and bottom inward fold, is folded inwardly at two preferably equidistant
vertical points as shown in FIG. 9B to create the leaflet/cusp portion (folds nos. 3 and 4). The
leaflets/cusps are formed by folding fold nos. 6, 7 and 8 after the two opposite vertical edges of
sheet are joined to create a cylindrical valve shape, depicted in FIGS. 1 and 3B. The inner leaflet
layer is preferably attached to the outer cuff layer by curved or straight continuous suturing.
Although a preferred embodiment of the invention comprises a single piece of valve material
folded to create the valve body and a leaflet-forming portion that has no cuts or sutures, the

inventors have discovered that as long as the leaflet portion of the valve itself is formed from a
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single piece of biocompatible valve material, the other portions of the valve can be formed by
suturing of one or more separate pieces of material without losing the novel and improved
qualities of the present invention. This allows for the valve to be made even stronger, more
durable and easier to make. This alternate embodiment comprises a leaflet forming layer made
of a single piece of valve material attached to a separate piece forming the valve body having a
folded cuff portion. The single piece leaflet forming layer is preferably cylindrical in shape and
can be formed with or without folding. In this embodiment the single piece leaflet layer can itself
be attached to the stent with or without a cylindrical cuff portion. Attachment is preferably by
suturing, particularly continuous single or double sutures.
Method of Making Replacement Heart Valve Device

[0045] T The present invention also comprises a method of making a replacement heart
valve device. In order to make the valve, the biocompatible tissue material is isolated and all the
fat tissue and extra fibers are removed. Cleaning is preferably accomplished by using a
hydromechanical force-based cleaning device to separate tissue layers and hydration with
distilled water to remove unwanted layers. Once the pericardium is completely clean, it is
subjected to photo-mechanical compression, then the valve is formed and placed in sequential
solutions of isopropyl alcohol of about 70-100%, ethanol of about 70-100%, glycerol and
glutaraldehyde preferably at a concentration of about 0.07-25% for about 36 hours, respectively.
The material is preferably photomechanically compressed to remove lipids and produce protein
coagulation to make the surface smoother and more compact and biocompatible, decreasing the
molecular distance of collagen fibers. The exposure to light and mechanical compression cause
protein denaturation making the material stronger and more homogeneous and biocompatible.

Gas sterilization can also be used to sterilize the tissue membrane material. The valve is formed
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by taking a flat sheet of the material and folding it in such a way that forms a three-leaflet or
desired number of leaflet valve as shown in FIGS. 3A and 3B and/or FIGS. 9A, 9B and 9C. The
folding of the pericardium material to create the cusps or leaflets reduces the extent of suturing
otherwise required, and resembles the natural form and function of the valve leaflets. It also
greatly reduces the risk of tearing of the cusps or leaflets, since they are integral to the valve
rather than being attached by suturing,.

[0046] In a preferred embodiment, the single continuous piece of membrane is folded
inward to form an inner leaflet layer within the outer cuff. The single leaflet layer is then
attached to the cuff layer to form valve cusps in one of three preferred ways: (i) by curved or
straight continuous single or double sutures that affix and form the bases or recesses of the valve
cusps; (ii) by lengthwise suture lines attaching the leaflet layer to the cuff layer with the bases or
recesses of the valve cusps being thus formed of the folded edge of the membrane; (iii) by
further folding of the membrane into lengthwise pleats secured by lengthwise suture attaching
the leaflet layer to the cuff layer with the bases or recesses of the valve cusps being thus formed
of the folded edge of the membrane, done for the purpose of giving greater strength and
durability to the attachment points of the leaflet layer.

[0047] In order to make the pericardium material less slippery and easier to fold, the
pericardium is dried, preferably with artificial light using a multi-watt lamp with the pericardium
or other biocompatible membrane material placed in a flat aluminum surface to dry it
homogencously. A photomechanical drying machine can also be used. The final result is a
homogencous tissue that looks like plastic paper and makes it easy to manipulate to fold and
suture the valve. Once the valve is formed, it is re-hydrated by placing it in a solution of water

and 70% alcohol. In approximately 3 days the valve is fully rehydrated. The suturing of
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membrane layers to form the valve is done with single, double, or more continuous suture
material. This form of suturing has great advantages for durability and avoidance of damage to
the membrane and can be performed by sewing machines. The attachment points of the leaflet
layer to the cuff layer may be reinforced by folding an additional layer of membrane over the
attachment point before suturing, this layer being formed of a projected tab of the continuous
piece of leaflet membrane. The free edge of the leaflet layer may be straight or curved, and this
free edge forming the free edges of the individual leaflets may be contoured in parabolic or
curved shape.

Attachment of the Valve Means to the Stent Member

[0048] The valve means 200 is then attached to the inner channel of the stent member
100 by suturing the outer surface of the valve means' pericardium material to the stent member.
FIG. 7 depicts preferred suture points of one embodiment of the present invention: 3-point
fixation or 6-point fixation at each border of the stent. Other fixation schemes can be utilized,
such as, by way of non-limiting example, fixation on both borders 18 points at each end
following a single plane and 36 fixation points following to adjacent vertical planes. The use of
only one plane of fixation points helps prevent systolic collapse of the proximal edge of the valve
means. A fold on the border of the pericardium material prevents tearing. The attachment
position of the valve is preferably closer to the proximal and wider part of the stent.

[0049] The sequence of steps can vary. The pericardium material can be fixed in
glutaraldehyde before attachment to the stent or the valve can be formed and then fixed with
glutaraldehyde after mounting it in the stent. One observation noted is that the material becomes
whiter and apparently increases its elasticity. 1 mm vascular clips keep the cusps coapted while

fixing them in glutaraldehyde. The use of metallic clips to keep both cusps adjacent to cach
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other after 24 hours of fixation in glutaraldehyde helps to educate the material and make the
primary position of the valve cusps adjacent to each other. After the clips are removed, there are
no lesions to the valve.

[0050] Different suture materials can be used, including, in a preferred embodiment,
Prolene 1-0 to 8-0 and Mersilene 1-0 to 8-0 which is a braided suture.
Implantation of Replacement Heart Valve Device

[0051] The replacement heart valve device of the present invention is preferably used in
surgical procedures involving the percutancous and transluminal removal of the diseased or
defective heart valve and the percutancous and transluminal implantation of the new heart valve
described above. The defective heart valve is removed by a suitable modality, such as, for
example, laser, ultrasound, mechanical, or other suitable forms of delivery of energy, or
phacoemulsion, including, but not limited to, laser lithotripsy, mechanical lithotripsy,
electrohydraulic lithotripsy, and laser or mechanical ablation. To remove the native heart valve
that is being replaced, a guidewire is inserted percutancously and transluminally using standard
vascular or angiography techniques. The distal end of the guidewire is manipulated to extend
through and across the defective heart valve. Then a catheter is advanced distally through the
femoral artery to a point proximal to the defective heart valve, between the origin of the coronary
artery and the origin of the right subclavian artery. The position of the distal end of catheter can
be monitored by observation of radiopaque markers. Collector member is preferably inflated and
occludes the aorta at a point between the origin of the coronary artery and the right subclavian
artery. Next, a balloon and cutting tool are advanced through the catheter so that the cutting tool
and uninflated balloon are distal to the defective heart valve. Optionally an additional step, such

as balloon dilatation or atherectomy, may be required to provide a passageway through the heart

20
25409998

Edwards Lifesciences Corporation, et al. Exhibit 1003, p. 94 of 2218



valve. A catheter is also placed into the coronary sinus via a transjugular puncture. This catheter
is used for infusion of blood or cardioplegia solution during the portion of the procedure when
the aorta is occluded. The absence of valves in the cardiac venous system allows retrograde flow
so that there will be an effluence of fluid from the coronary arteries. This flow of fluid is desired
to prevent embolization of material into the coronary arteries during the procedure. Once the
cutting tool is in place, the balloon is inflated and flexible shaft is rotated. Once the cutting tool
has reached the appropriate rotation speed, the cutting tool is pulled proximally to remove the
defective heart valve. The balloon and the cutting tool are spaced apart so that the inflated
balloon will be stopped by the perimeter, unremoved portion of the defective heart valve, which
will signal the physician that the valve has been removed, as well as protect the heart and aorta
from damage from the valve removal device. Once it is determined that the defective heart valve
has been removed, the cutting tool is slowed or stopped altogether and the balloon is deflated.
The cutting tool and the deflated balloon are pulled proximally through catheter. Then, a
catheter containing an artificial heart valve is inserted and the artificial heart valve is placed as
described above.

[0052] The delivery and implantation system of the replacement artificial heart valve of
the present invention percutancously and transluminally includes a flexible catheter 400 which
may be inserted into a vessel of the patient and moved within that vessel as depicted in FIG. 8.
The distal end 410 of the catheter 400, which is hollow and carries the replacement heart valve
device of the present invention in its collapsed configuration, is guided to a site where it is
desired to implant the replacement heart valve. The catheter has a pusher member 420 disposed
within the catheter lumen 430 and extending from the proximal end 440 of the catheter to the

hollow section at the distal end 410 of the catheter. Once the distal end 410 of the catheter is
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positioned as desired, the pusher mechanism 420 is activated and the distal portion of the
replacement heart valve device is pushed out of the catheter and the stent member 100 partially
expands. In this position the stent member 100 is restrained so that it doesn't pop out and is held
for controlled release, with the potential that the replacement heart valve device can be recovered
if there is a problem with the positioning. The catheter 400 is then retracted slightly and the
replacement heart valve device is completely pushed out of the catheter 400 and released from
the catheter to allow the stent member 100 to fully expand. If the stent member 100 preferably
includes two circles of barbs on its outer surface as previously described, the first push and
retraction will set one circle of barbs in adjacent tissue and the second push and release of the
replacement heart valve device will set the other circle of barbs in adjacent tissue and securely
fix the replacement heart valve device in place when the device is released from the catheter.
[0053] Alternatively, or in combination with the above, the replacement heart valve
device could be positioned over a metallic guidewire that is advanced through the catheter. The
replacement heart valve device of the present invention is preferably implanted percutancously
through an aortic passageway to, or near to, the location from which the natural heart valve has
been removed. Referring to FIG. &, the implantation system comprises a flexible hollow tube
catheter 410 with a metallic guide wire 450 disposed within it. The stented valve device is
collapsed over the tube and is covered by a moveable sheath 460. The moveable sheath 460
maintains the stented valve device in the collapsed position. The implantation method comprises
the following steps: inserting the replacement heart valve device in the lumen of a central blood
vessel via entry through the brachial or femoral artery using a needle or exposing the artery
surgically; placing a guide wire 450 through the entry vessel and advancing it to the desired

position; advancing dilators over the wire to increase the lumen of the entry site, thereby
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preparing the artery to receive the heart-valve; and advancing the heart-valve device to the
desired place. The stented-valve device is released by pulling the cover sheath 460 of the
delivery system allowing the self-expanding stent to achieve its full expansion. A balloon
expandable stent can alternately be used to deliver the valve to its desired position. At this point,
a pigtail catheter is advanced over the wire and an aortogram is performed to assess the
competency of the valve.

[0054] Before creation of the valve means and implantation, the patient is studied to
determine the architecture of the patient's heart. Useful techniques include fluoroscopy,
transesophageal echocardiography, MRI, and angiography. The results of this study will enable
the physician to determine the appropriate size for the replacement heart valve.

[0055] In one procedure for implantation of the replacement heart valve device of the
present invention, the femoral artery of the patient is canulated using a Cook needle and a
standard J wire is advanced into the artery either percutancously or after surgical exposure of the
artery. An 8 F introducer is advanced into the femoral artery over the wire. The J wire is then
withdrawn and anticoagulation is started using heparin 60 U/Kg intravenously. Once vascular
access is obtained an aortogram is performed for anatomical evaluation. A special wire
(Lunderquist or Amplatz superstiff) is advanced into the aortic arch and dilators progressively
larger are advanced over the wire, starting with 12 F all the way to 18 F. After this the valve
introducer device containing the prosthetic valve device is then inserted and used to transport the
replacement valve over a guidewire to the desired position. The stented-valve is released by
pulling the cover sheath of the delivery system allowing the self-expanding stent to achieve its
full expansion. At this point, a pigtail catheter is advanced over the wire and repeat aortogram is

performed to assess the competency of the valve.
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[0056] When the device is used to treat severe leakage of the aortic valve, the native
valve is left in place and the prosthetic stented valve is deployed below the subclavian artery.
When the device is used to treat aortic stenosis, first the stenotic valve needs to be opened using
cither aortic valvuloplasty or cutting and if this procedure induces aortic insufficiency the stented
valve is placed to prevent the regurgitation.

[0057] Intravascular ultrasound or an angioscope passed intravascularly via either the
venous system through the intra-atrial septum across the mitral valve and into the left ventricle or
retrograde via the femoral artery would provide the added benefit of allowing constant high
definition imaging of the entire procedure and high flow irrigation.

[0058] Once the endovascular implantation of the prosthetic valve device is completed in
the host, the function of the prosthetic valve device can be monitored by the same methods as
used to monitor valve replacements done by open heart surgery. Routine physical examination,
periodic echocardiography or angiography can be performed. In contrast to open heart surgery,
however, the host requires a short recovery period and can return home within one day of the
endovascular procedure. The prosthetic valve device can be used in any patient where
bioprosthetic valves are indicated, namely elderly patients with cardiac valve diseases, and
patients unable to tolerate open heart procedures or life-long anticoagulation. In addition, with
the development of longer-life, flexible, non-thrombogenic synthetic valve alternatives to
bioprosthesis, the prosthetic valve device will be indicated in all patients where the relative
advantages of the life-span, the non-thrombogenic quality, and the ease of insertion of prosthetic
valve devices outweigh the disadvantages of mechanical valves. Anticoagulation may be

beneficial in certain clinical situations for either short or long term use.
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[0059] This method of percutancous endovascular heart-valve replacement, in contrast to
open heart surgical procedures, requires only local anesthesia, partial or no cardiac bypass, one
to two days hospitalization, and should result in a reduced mortality rate as compared to open
heart procedures.

[0060] While the present invention has been shown and described herein in what is
considered to be a preferred embodiment thereof, illustrating the results and advantages over the
prior art obtained through the present invention, the invention is not limited to the specific
embodiments described above. Thus, the forms of the invention shown and described herein are
to be taken as illustrative and other embodiments may be selected without departing from the

spirit and scope of the present invention.
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PERCUTANEOUS BIOPROSTHETIC HEART VALVE AND A DELIVERY AND

IMPLANTATION SYSTEM

CONTINUITY INFORMATION

[0001] The present application is a continuation application of U.S. Patent Application
No. 13/675,665 filed on November 13, 2012, which is a continuation application of U.S. Patent
Application No. 10/887,688 filed on July 10, 2004, now U.S. Patent No. 8,308,797, which is a
continuation-in-part application of U.S. Patent Application No. 10/037,266, filed on January 4,
2002 (now abandoned). All of the foregoing applications are incorporated herein by reference in
their entireties.

BACKGROUND OF THE INVENTION

[0002] Field of the Invention

The present invention is in the field of heart valve replacement. More specifically, the
present invention is directed to a method of making a percutancously implantable replacement
heart valve.

[0003] 2. Description of Related Art

There have been numerous efforts in the field of heart valve replacement to improve both
the durability and effectiveness of replacement heart valves as well as the ease of implantation.
A brief description of heart valves and heart function follows to provide relevant background for
the present invention.

[0004] There are four valves in the heart that serve to direct the flow of blood through the
two sides of the heart in a forward direction. On the left (systemic) side of the heart are: 1) the

mitral valve, located between the left atrium and the left ventricle, and 2) the aortic valve,
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located between the left ventricle and the aorta. These two valves direct oxygenated blood
coming from the lungs through the left side of the heart into the aorta for distribution to the body.
On the right (pulmonary) side of the heart are: 1) the tricuspid valve, located between the right
atrium and the right ventricle, and 2) the pulmonary valve, located between the right ventricle
and the pulmonary artery. These two valves direct de-oxygenated blood coming from the body
through the right side of the heart into the pulmonary artery for distribution to the lungs, where it
again becomes re-oxygenated to begin the circuit anew.

[0005] Heart valves are passive structures that simply open and close in response to
differential pressures on either side of the particular valve. They consist of moveable “leaflets”
that are designed simply to open and close in response to differential pressures on either side of
the valve's leaflets. The mitral valve has two leaflets and the tricuspid valve has three. The
aortic and pulmonary valves are referred to as “semilunar valves” because of the unique
appearance of their leaflets, which are more aptly termed “cusps” and are shaped somewhat like
a half-moon. The aortic and pulmonary valves each have three cusps.

[0006] In general, the components of heart valves include the valve annulus, which will
remain as a roughly circular open ring after the leaflets of a discased or damaged valve have
been removed; leaflets or cusps; papillary muscles which are attached at their bases to the
interior surface of the left or right ventricular wall; and multiple chordae tendineae, which couple
the valve leaflets or cusps to the papillary muscles. There is no one-to-one chordal connection
between the leaflets and the papillary muscles; instead, numerous chordac are present, and
chordae from each papillary muscle attach to both of the valve leaflets.

[0007] When the left ventricular wall relaxes so that the ventricular chamber enlarges and

draws in blood, the leaflets of the mitral valve separate and the valve opens. Oxygenated blood
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flows in a downward direction through the valve, to fill the expanding ventricular cavity. Once
the left ventricular cavity has filled, the left ventricle contracts, causing a rapid rise in the left
ventricular cavitary pressure. This causes the mitral valve to close while the aortic valve opens,
allowing the oxygenated blood to be ejected from the left ventricle into the aorta. The chordae
tendineae of the mitral valve prevent the mitral leaflets from prolapsing back into the left atrium
when the left ventricular chamber contracts.

[0008] The three leaflets, chordae tendineae, and papillary muscles of the tricuspid valve
function in a similar manner, in response to the filling of the right ventricle and its subsequent
contraction. The cusps of the aortic valve also respond passively to pressure differentials
between the left ventricle and the aorta. When the left ventricle contracts, the aortic valve cusps
open to allow the flow of oxygenated blood from the left ventricle into the aorta. When the left
ventricle relaxes, the aortic valve cusps reapproximate to prevent the blood which has entered the
aorta from leaking (regurgitating) back into the left ventricle. The pulmonary valve cusps
respond passively in the same manner in response to relaxation and contraction of the right
ventricle in moving de-oxygenated blood into the pulmonary artery and thence to the lungs for
re-oxygenation. Neither of these semilunar valves has associated chordac tendineae or papillary
muscles.

[0009] Problems that can develop with heart valves consist of stenosis, in which a valve
does not open properly, and/or insufficiency, also called regurgitation, in which a valve does not
close properly. In addition to stenosis and insufficiency of heart valves, heart valves may need to
be surgically repaired or replaced due to certain types of bacterial or fungal infections in which
the valve may continue to function normally, but nevertheless harbors an overgrowth of bacteria

(vegetation) on the leaflets of the valve that may embolize and lodge downstream in a vital
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artery. If such vegetations arc on the valves of the left side (i.c., the systemic circulation side) of
the heart, embolization may occur, resulting in sudden loss of the blood supply to the affected
body organ and immediate malfunction of that organ. The organ most commonly affected by
such embolization is the brain, in which case the patient suffers a stroke. Thus, surgical
replacement of either the mitral or aortic valve (left-sided heart valves) may be necessary for this
problem even though neither stenosis nor insufficiency of either valve is present. Likewise,
bacterial or fungal vegetations on the tricuspid valve may embolize to the lungs resulting in a
lung abscess and therefore, may require replacement of the tricuspid valve even though no
tricuspid valve stenosis or insufficiency is present.

[0010] These problems are treated by surgical repair of valves, although often the valves
are too diseased to repair and must be replaced. If a heart valve must be replaced, there are
currently several options available, and the choice of a particular type of artificial valve depends
on factors such as the location of the valve, the age and other specifics of the patient, and the
surgeon’s experiences and preferences. Currently in the United States over 100,000 defective
heart valves are replaced annually, at an approximate cost of $30-50,000 per procedure, and thus
it would be desirable if heart valves could be replaced using minimally invasive techniques and
without having to repeat the procedure within a matter of years due to the lack of durability of
the replacement heart valve. It would be especially advantageous if a defective heart valve could
be removed via an endovascular procedure, that is, a procedure where the invasion into the body
is through a blood vessel such as the femoral artery. The procedure is then carried out
percutancously and transluminally using the vascular system to convey appropriate devices to the
position in the body wherein it is desired to carry out the desired procedure. An example of such

a procedure would be angioplasty, wherein a catheter carrying a small balloon at its distal end is
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manipulated through the body's vessels to a point where there is a blockage in a vessel. The
balloon is expanded to create an opening in the blockage, and then the balloon is deflated and the
catheter and balloon are removed from the vessel.

[0011] Endovascular procedures have substantial benefits both from the standpoint of
health and safety as well as cost. Such procedures require minimal invasion of the human body,
and there is consequently considerable reduction and in some instances even elimination, of the
use of a general anesthesia and much shorter hospital stays.

[0012] Replacement heart valves can be categorized as either artificial mechanical
valves, transplanted valves and tissue valves. Replacement heart valves are designed to optimize
hemodynamic performance, thrombogenicity and durability. Another factor taken into
consideration is the relative ease of surgical implantation.

[0013] Mechanical valves are typically constructed from nonbiological materials such as
plastics, metals and other artificial materials which, while durable, are expensive and prone to
blood clotting which increases the risk of an embolism. Anticoagulants taken to help against
blood clotting can further complicate the patient's health due to increased risks for hemorrhages.

[0014] Transplanted valves are natural valves taken from cadavers. These valves are
typically removed and frozen in liquid nitrogen, and are stored for later use. They are typically
fixed in glutaraldehyde to eliminate antigenicity and are sutured in place, typically with a stent.

[0015] Artificial tissue valves are valves constructed from animal tissue, such as bovine
or porcine tissue. Efforts have also been made at using tissue from the patient for which the
valve will be constructed.

[0016] Most tissue valves are constructed by sewing the leaflets of pig aortic valves to a

stent to hold the leaflets in proper position, or by constructing valve leaflets from the pericardial
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sac of cows or pigs and sewing them to a stent. The porcine or bovine tissue is chemically
treated to alleviate any antigenicity. The pericardium is a membrane that surrounds the heart and
isolates it from the rest of the chest wall structures. The pericardium is a thin and very slippery,
which makes it difficult for suturing in a millimetricly precise way. The method of making the
replacement heart valve of the present invention solves this problem through a process that
includes drying and compressing the pericardium using photo-mechanical compression in such a
way that makes it possible to handle and fold the material more easily.

[0017] For example, one prior replacement heart valve requires each sculpted leaflet to
be trimmed in a way that forms an extended flap, which becomes a relatively narrow strand of
tissue near its tip. The tip of each pericardial tissue strand is sutured directly to a papillary
muscle, causing the strand to mimic a chordae tendineae. Each strand extends from the center of
a leaflet in the valve, and each strand is sutured directly to either an anterior and posterior
papillary muscle. This requires cach leaflet to be positioned directly over a papillary muscle.
This effectively rotates the leaflets of the valve about 90 degrees as compared to the leaflets of a
native valve. The line of commissure between the leaflets, when they are pressed together during
systole, will bisect (at a perpendicular angle) an imaginary line that crosses the peaks of the two
papillary muscles, instead of lying roughly along that line as occurs in a native valve.

[0018] A different approach to creating artificial tissue valves is described in U.S. Pat.
No. 5,163,955 to Calvin, et al. and U.S. Pat. Nos. 5,571,174 and 5,653,749 to Love. Using a
cutting die, the pericardial tissue is cut into a carefully defined geometric shape, treated with
glutaraldehyde, then clamped in a sandwich-fashion between two stent components. This creates
a tri-leaflet valve that resembles an aortic or pulmonary valve, having semilunar-type cusps

rather than atrioventricular-type leaflets.
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[0019] U.S. Pat. No. 3,671,979 to Moulopoulos describes an endovascularly inserted
conical shaped umbrella-like valve positioned and held in place by an elongated mounting
catheter at a supra-annular site to the aortic valve in a nearby arterial vessel. The conical end
points toward the malfunctioning aortic valve and the umbrella’s distal ends open up against the
aorta wall with reverse blood flow, thereby preventing regurgitation.

[0020] U.S. Pat. No. 4,056,854 to Boretos describes an endovascularly inserted, catheter
mounted, supra-annular valve in which the circular frame abuts the wall of the artery and
attached flaps of flexible membrane extend distally in the vasculature. The flaps lie against the
artery wall during forward flow, and close inward towards the central catheter to prevent
regurgitation during reverse blood flow. The Boretos valve was designed to be positioned
against the artery wall during forward flow, as compared to the mid-center position of the
Moulopoulos valve, to reduce the stagnation of blood flow and consequent thrombus and
embolic formation expected from a valve at mid-center position.

[0021] The main advantage of tissue valves is that they do not cause blood clots to form
as readily as do the mechanical valves, and therefore, they do not absolutely require systemic
anticoagulation. The major disadvantage of tissue valves is that they lack the long-term
durability of mechanical valves. Tissue valves have a significant failure rate, usually within ten
years following implantation. One cause of these failures is believed to be the chemical
treatment of the animal tissue that prevents it from being antigenic to the patient. In addition, the
presence of extensive suturing prevents the artificial tissue valve from being anatomically
accurate in comparison to a normal heart valve, even in the aortic valve position.

[0022] A shortcoming of prior artificial tissue valves has been the inability to effectively

simulate the exact anatomy of a native heart valve. Although transplanted human or porcine
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aortic valves have the gross appearance of native aortic valves, the fixation process (freezing
with liquid nitrogen, and chemical treatment, respectively) alters the histologic characteristics of
the valve tissue. Porcine and bovine pericardial valves not only require chemical preparation
(usually involving fixation with glutaraldehyde), but the leaflets must be sutured to cloth-covered
stents in order to hold the leaflets in position for proper opening and closing of the valve.
Additionally, the leaflets of most such tissue valves are constructed by cutting or suturing the
tissue material, resulting in leaflets that do not duplicate the form and function of a real valve and
are more susceptible to failure.
SUMMARY OF THE INVENTION

[0023] The present invention is a replacement heart valve device and method of making
same. The replacement heart valve device, in a preferred embodiment, comprises a stent made
of stainless steel or self-expanding nitinol and a completely newly designed artificial biological
tissue valve disposed within the inner space of the stent. The cusp or leaflet portion of the valve
means is formed by folding of the pericardium material preferably used to create the valve
without cutting of slits to form leaflets or suturing or otherwise affixing of separate leaflet
portions. Other forms of tissue and suitable synthetic materials can also be used for the valve,
formed in a sheet of starting material. The folded design provides a number of advantages over
prior designs, including improved resistance to tearing at suture lines. The cusps/leaflets open in
response to blood flow in one direction and close in response to blood flow in the opposite
direction. Preferably the tubular portion of the valve means contains the same number of cusps
as the native valve being replaced, in substantially the same size and configuration. The outer

surface of the valve means is attached to the stent member.
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[0024] The replacement heart valve device is preferably implanted using a delivery
system having a central part which consists of a flexible hollow tube catheter that allows a
metallic guide wire to be advanced inside it. The stented valve is collapsed over the central tube
and it is covered by a movable sheath. The sheath keeps the stented valve in the collapsed
position. Once the cover sheath is moved backwards, the stented valve can be deployed. The
endovascular stented-valve, in a preferred embodiment, is a glutaraldehyde fixed mammal
pericardium or synthetic biocompatible material which has two or three cusps that open distally
to permit unidirectional blood flow. The stent can either be self-expanding or the stent can be
expandable through use of a balloon catheter.

[0025] The present invention also comprises a method of making a replacement heart
valve device. In order to make the valve, the pericardium starting material is isolated and all the
fat tissue and extra fibers are removed. The biological membrane material is cleaned by
mechanical separation of unwanted layers using hydromechanical force means. Once the
pericardium is completely clean, the material is dried in order to make it easier to handle and
fold. Preferably, this drying is done by exposing the biocompatible membrane material to
photomechanical compression to remove all lipids from the pericardium or other biocompatible
membrane material and to cause protein denaturalization, transforming the material into a
stronger and more homogeneous surface. The valve is formed by taking a flat sheet of the
material and folding in such a way that forms a three-leaflet or other number of leaflet valve.
Then it is placed in a sequence of solutions, one of isopropyl alcohol of about 70-100%, one of
cthanol of about 70-100%, one of glycerol and one of glutaraldechyde, preferably at a
concentration of about 0.07-25% for approximately 36 hours. The material is dried in order to

make it easier to handle and fold. Preferably this drying is done by exposing the biocompatible
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membrane material to light and then mechanically compressing the material to cause protein
denaturation. This results in material that is stronger and more homogencous. The valve is
formed by taking a flat sheet of bovine or porcine pericardium and folding it in such a way that
forms a three-leaflet valve. The valve can also be made in the same manner from fresh,
cryopreserved or glutaraldehyde fixed allografts or xenografts or synthetic non-biological, non-
thrombogenic material. The folding of the pericardium material to create the cusps or leaflets
reduces the extent of suturing otherwise required, and resembles the natural form and function of
the valve leaflets. The cleaning, pressing and drying technique used to create the valve material
makes the folding more practicable. The valve is rehydrated after being formed. The method of
the present invention also greatly reduces the risk of tearing of the cusps or leaflets, since they
are formed by folding a single uncut portion of material forming the valve rather than being

attached by suturing.

[0026] Once the endovascular implantation of the prosthetic valve device is completed in
the host, the function of the prosthetic valve device can be monitored by the same methods as
used to monitor valve replacements done by open heart surgery. Routine physical examination,
periodic echocardiography or angiography can be performed. In contrast to open heart surgery,
however, the host requires a short recovery period and can return home within one day of the
endovascular procedure. The replacement heart valve device of the present invention can be
used in any patient where bioprosthetic valves are indicated, namely elderly patients with cardiac
valve diseases, and patients unable to tolerate open heart procedures or life-long anticoagulation
medication and treatment. The present invention can be practiced in applications with respect to

each of the heart's valves.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 1 depicts a side perspective view of the replacement heart valve device of
the present invention in one embodiment with the valve in the closed position.

[0028] FIG. 2 depicts the folds which form the leaflets or cusps of the replacement heart
valve of the present invention in one embodiment.

[0029] FIGS. 3A and 3B depict a preferred procedure for folding the pericardium tissue
starting material to create the replacement heart valve of the present invention.

[0030] FIG. 4 depicts a side perspective view of the replacement heart valve device of
the present invention in one embodiment represented as if implanted within an artery.

[0031] FIG. 5 depicts a side view of one embodiment of the replacement heart valve
device of the present invention mounted within a self-expanding stent, with the stent in the
expanded position.

[0032] FIG. 6 depicts a side perspective view of one embodiment of the replacement
heart valve device of the present invention mounted within a self-expanding stent in the
collapsed position.

[0033] FIG. 7 depicts the suture points of one embodiment of the replacement heart valve
device of the present invention.

[0034] FIG. 8 depicts the implantation/delivery system used with the present invention in
a preferred embodiment.

[0035] FIGS. 9A, 9B and 9C depict a representation of a sheet of biocompatible valve

material showing preferred folds.
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DESCRIPTION OF A PREFERRED EMBODIMENT

[0036] The present invention comprises a percutaneously implantable replacement heart
valve and a method for making same. The artificial heart valve device of the present invention is
capable of exhibiting a variable diameter between a compressed or collapsed position and an
expanded position. A preferred embodiment of the replacement heart valve device according to
the present invention is set forth in FIG. 5. The replacement heart valve device comprises a stent
member 100 and a flexible valve means 200. The stent member 100 is preferably self-
expanding, although balloon-expandable stents can be used as well, and has a first polygonal
shape in its compressed or collapsed configuration and a second, larger polygonal shape in its
expanded configuration. Referring to FIG. 1, the valve means 200 comprises a generally tubular
portion 210 and, preferably, a peripheral upstanding cusp or leaflet portion 220. The valve
means 200 is disposed within the cylindrical stent member 100 with the tubular portion 210
transverse of and at some acute angle relative to the stent walls. The diameter of the tubular
portion 210 is substantially the same as the inside diameter of the stent member in its initial
expanded configuration. The peripheral upstanding cusp or leaflet portion 220 is disposed on
valve means 200 substantially parallel to the walls of the stent member similar to a cuff on a
shirt. The cusp or leaflet portion 220 of the valve means 200 is generally tubular in shape and
comprises three leaflets 221, 222 and 223 as shown, although it is understood that there could be
from two to four leaflets. The tubular portion of the valve means 200 is attached to the stent
member 100 by a plurality of sutures 300, as depicted in FIG. 7.

[0037] The leaflet portion 220 of the valve means 200 extends across or transverse of the
cylindrical stent 100. The leaflets 221, 222 and 223 are the actual valve and allow for one-way

flow of blood. The leaflet portion 220 as connected to the rest of the valve resembles the cuff of
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a shirt. FIG. 9 depicts the folds preferred for valve cusp and leaflet formation involving three
leaflets. The configuration of the stent member 100 and the flexible, resilient material of
construction allows the valve to collapse into a relatively small cylinder as seen in FIG. 6. The
replacement heart valve will not stay in its collapsed configuration without being restrained.
Once the restraint is removed, the self-expanding stent member 100 will cause the artificial heart
valve to take its expanded configuration, as seen in FIG. 5.

Stent Member

[0038] The stent member 100 preferably comprises a self-expanding nickel-titanium
alloy stent, also called “nitinol,” in a sine wave-like configuration as shown in FIG. 5. An
enlarged view of a preferred embodiment of the stent member for use in the replacement heart
valve of the invention is depicted in FIG. 5. The stent member 100 includes a length of wire 110
formed in a closed zigzag configuration. The wire can be a single piece, stamped or extruded, or
it could be formed by welding the free ends together. The straight sections of the stent member
100 are joined by bends. The stent is readily compressible to a small cylindrical shape as
depicted in FIGS. 6 and 8, and resiliently self-expandable to the shape shown in FIG. 5.

[0039] The stent member 100 of the artificial heart valve device of the present invention
may be made from various metal alloys, titanium, titanium alloy, nitinol, stainless steel, or other
resilient, flexible non-toxic, non-thrombogenic, physiologically acceptable and biocompatible
materials. The configuration may be the zigzag configuration shown or a sine wave
configuration, mesh configuration or a similar configuration which will allow the stent to be
readily collapsible and self-expandable. When a zigzag or sine wave configured stent member is
used, the diameter of the wire from which the stent is made is preferably from about 0.010 to

0.035 inches and still, preferably from about 0.012 to 0.025 inches. The diameter of the stent
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member will be from about 1.5 to 3.5 ¢m, preferably from about 1.75 to 3.00 cm, and the length
of the stent member will be from about 1.0 to 10 cm, preferably from about 1.1 to 5 cm.

[0040] The stent used in a preferred embodiment of the present invention is fabricated
from a “shaped memory” alloy, nitinol, which is composed of nickel and titanium. Nitinol wire
is first fashioned into the desired shape for the device and then the device is heat annealed. A
meshwork of nitinol wire of approximately 0.008 inch gauge is formed into a tubular structure
with a minimum central diameter of 20 mm to make the stent. Away from its central portion, the
tubular structure flares markedly at both ends in a trumpet-like configuration. The maximum
diameter of the flared ends of the stent is approximately 50 mm. The purpose of the stent is to
maintain a semi-rigid patent channel through the discased cardiac valve following its
implantation.

[0041] When the components of the replacement heart valve device are exposed to cold
temperatures, they become very flexible and supple, allowing them to be compressed down and
pass casily through the delivery sheath. A cold temperature is maintained within the sheath
during delivery to the deployment site by constantly infusing the sheath with an iced saline
solution. Once the valve components are exposed to body temperature at the end of the sheath,
they instantaneously reassume their predetermined shapes, thus allowing them to function as
designed.

[0042] Preferably the stent member 100 carries a plurality of barbs extending outwardly
from the outside surface of the stent member for fixing the heart valve device in a desired
position. More preferably the barbs are disposed in two spaced-apart, circular configurations
with the barbs in one circle extending in an upstream direction and the barbs in the other circle

extending in a downstream direction. It is especially preferable that the barbs on the inflow side
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of the valve point in the direction of flow and the barbs on the outflow side point in the direction
opposite to flow. It is preferred that the stent be formed of titanium alloy wire or other flexible,
relatively rigid, physiologically acceptable material arranged in a closed zigzag configuration so
that the stent member will readily collapse and expand as pressure is applied and released,
respectively.

Valve Means

[0043] The valve means 200 is flexible, compressible, host-compatible, and non-
thrombogenic. The valve means 200 can be made from various materials, for example, fresh,
cryopreserved or glutaraldehyde fixed allografts or xenografts. Synthetic biocompatible
materials such as polytetrafluoroethylene, polyester, polyurethane, nitinol or other alloy/metal
foil sheet material and the like may be used. The preferred material for the valve means 200 is
mammal pericardium tissue, particularly juvenile-age animal pericardium tissue. The valve
means 200 is disposed within the cylindrical stent member 100 with the tubular portion 210
transverse of and at some acute angle relative to the stent walls. The diameter of the tubular
portion 210 is substantially the same as the inside diameter of the stent member 100 in its initial
expanded configuration. The peripheral upstanding cusp or leaflet portion 220 is disposed
substantially parallel to the walls of the stent member 100 similar to a cuff on a shirt.

[0044] The cusp or leaflet portion 220 of the valve means 200 is formed by folding of the
pericardium material used to create the valve. FIGS. 3A and 3B depict the way the sheet of heart
valve starting material is folded. The starting material is preferably a flat dry sheet, which can be
rectangular or other shaped. The cusps/leaflets 221, 222 and 223 open in response to blood flow
in one direction and close in response to blood flow in the opposite direction. Preferably the

cusp or leaflet portion 220 of the valve means 200 contains the same number of cusps as the
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native valve being replaced, in substantially the same size and configuration. FIGS. 9A-9C
depict a preferred configuration for folds to create the leaflets/cusps. The leaflet forming portion
is a single, continuous, uncut layer affixed to the interior of the cuff layer to form the
leaflets/cusps, unlike prior efforts that have involved suturing of three separate leaflet/cusp
portions onto the main valve body portion. The leaflets are formed from the free edge of the
material after forming the cuff portion. Referring now to FIGS. 9-A, 9B, and 9C, with flat sheet
on a table, a person facing the sheet would create a cuff at the upper border of sheet by folding
the horizontal top edge away/downwardly (fold no. 1). The leaflet portion is formed by folding
the sheet's lower half towards the folder/upwardly, as shown in FIG. 9A (fold no. 2). The sheet,
now with the upper cuff and bottom inward fold, is folded inwardly at two preferably equidistant
vertical points as shown in FIG. 9B to create the leaflet/cusp portion (folds nos. 3 and 4). The
leaflets/cusps are formed by folding fold nos. 6, 7 and 8 after the two opposite vertical edges of
sheet are joined to create a cylindrical valve shape, depicted in FIGS. 1 and 3B. The inner leaflet
layer is preferably attached to the outer cuff layer by curved or straight continuous suturing.
Although a preferred embodiment of the invention comprises a single piece of valve material
folded to create the valve body and a leaflet-forming portion that has no cuts or sutures, the
inventors have discovered that as long as the leaflet portion of the valve itself is formed from a
single piece of biocompatible valve material, the other portions of the valve can be formed by
suturing of one or more separate picces of material without losing the novel and improved
qualities of the present invention. This allows for the valve to be made even stronger, more
durable and easier to make. This alternate embodiment comprises a leaflet forming layer made
of a single piece of valve material attached to a separate piece forming the valve body having a

folded cuff portion. The single piece leaflet forming layer is preferably cylindrical in shape and
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can be formed with or without folding. In this embodiment the single piece leaflet layer can itself
be attached to the stent with or without a cylindrical cuff portion. Attachment is preferably by
suturing, particularly continuous single or double sutures.
Method of Making Replacement Heart Valve Device

[0045] T The present invention also comprises a method of making a replacement heart
valve device. In order to make the valve, the biocompatible tissue material is isolated and all the
fat tissue and extra fibers are removed. Cleaning is preferably accomplished by using a
hydromechanical force-based cleaning device to separate tissue layers and hydration with
distilled water to remove unwanted layers. Once the pericardium is completely clean, it is
subjected to photo-mechanical compression, then the valve is formed and placed in sequential
solutions of isopropyl alcohol of about 70-100%, cthanol of about 70-100%, glycerol and
glutaraldehyde preferably at a concentration of about 0.07-25% for about 36 hours, respectively.
The material is preferably photomechanically compressed to remove lipids and produce protein
coagulation to make the surface smoother and more compact and biocompatible, decreasing the
molecular distance of collagen fibers. The exposure to light and mechanical compression cause
protein denaturation making the material stronger and more homogeneous and biocompatible.
Gas sterilization can also be used to sterilize the tissue membrane material. The valve is formed
by taking a flat sheet of the material and folding it in such a way that forms a three-leaflet or
desired number of leaflet valve as shown in FIGS. 3A and 3B and/or FIGS. 9A, 9B and 9C. The
folding of the pericardium material to create the cusps or leaflets reduces the extent of suturing
otherwise required, and resembles the natural form and function of the valve leaflets. It also
greatly reduces the risk of tearing of the cusps or leaflets, since they are integral to the valve

rather than being attached by suturing.
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[0046] In a preferred embodiment, the single continuous piece of membrane is folded
inward to form an inner leaflet layer within the outer cuff. The single leaflet layer is then
attached to the cuff layer to form valve cusps in one of three preferred ways: (i) by curved or
straight continuous single or double sutures that affix and form the bases or recesses of the valve
cusps; (ii) by lengthwise suture lines attaching the leaflet layer to the cuff layer with the bases or
recesses of the valve cusps being thus formed of the folded edge of the membrane; (iii) by
further folding of the membrane into lengthwise pleats secured by lengthwise suture attaching
the leaflet layer to the cuff layer with the bases or recesses of the valve cusps being thus formed
of the folded edge of the membrane, done for the purpose of giving greater strength and
durability to the attachment points of the leaflet layer.

[0047] In order to make the pericardium material less slippery and easier to fold, the
pericardium is dried, preferably with artificial light using a multi-watt lamp with the pericardium
or other biocompatible membrane material placed in a flat aluminum surface to dry it
homogencously. A photomechanical drying machine can also be used. The final result is a
homogeneous tissue that looks like plastic paper and makes it easy to manipulate to fold and
suture the valve. Once the valve is formed, it is re-hydrated by placing it in a solution of water
and 70% alcohol. In approximately 3 days the valve is fully rehydrated. The suturing of
membrane layers to form the valve is done with single, double, or more continuous suture
material. This form of suturing has great advantages for durability and avoidance of damage to
the membrane and can be performed by sewing machines. The attachment points of the leaflet
layer to the cuff layer may be reinforced by folding an additional layer of membrane over the
attachment point before suturing, this layer being formed of a projected tab of the continuous

piece of leaflet membrane. The free edge of the leaflet layer may be straight or curved, and this
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free edge forming the free edges of the individual leaflets may be contoured in parabolic or
curved shape.
Attachment of the Valve Means to the Stent Member

[0048] The valve means 200 is then attached to the inner channel of the stent member
100 by suturing the outer surface of the valve means' pericardium material to the stent member.
FIG. 7 depicts preferred suture points of one embodiment of the present invention: 3-point
fixation or 6-point fixation at each border of the stent. Other fixation schemes can be utilized,
such as, by way of non-limiting example, fixation on both borders 18 points at each end
following a single plane and 36 fixation points following to adjacent vertical planes. The use of
only one plane of fixation points helps prevent systolic collapse of the proximal edge of the valve
means. A fold on the border of the pericardium material prevents tearing. The attachment
position of the valve is preferably closer to the proximal and wider part of the stent.

[0049] The sequence of steps can vary. The pericardium material can be fixed in
glutaraldehyde before attachment to the stent or the valve can be formed and then fixed with
glutaraldehyde after mounting it in the stent. One observation noted is that the material becomes
whiter and apparently increases its elasticity. 1 mm vascular clips keep the cusps coapted while
fixing them in glutaraldehyde. The use of metallic clips to keep both cusps adjacent to each
other after 24 hours of fixation in glutaraldehyde helps to educate the material and make the
primary position of the valve cusps adjacent to each other. After the clips are removed, there are
no lesions to the valve.

[0050] Different suture materials can be used, including, in a preferred embodiment,

Prolene 1-0 to 8-0 and Mersilene 1-0 to 8-0 which is a braided suture.
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Implantation of Replacement Heart Valve Device

[0051] The replacement heart valve device of the present invention is preferably used in
surgical procedures involving the percutancous and transluminal removal of the diseased or
defective heart valve and the percutanecous and transluminal implantation of the new heart valve
described above. The defective heart valve is removed by a suitable modality, such as, for
example, laser, ultrasound, mechanical, or other suitable forms of delivery of energy, or
phacoemulsion, including, but not limited to, laser lithotripsy, mechanical lithotripsy,
electrohydraulic lithotripsy, and laser or mechanical ablation. To remove the native heart valve
that is being replaced, a guidewire is inserted percutancously and transluminally using standard
vascular or angiography techniques. The distal end of the guidewire is manipulated to extend
through and across the defective heart valve. Then a catheter is advanced distally through the
femoral artery to a point proximal to the defective heart valve, between the origin of the coronary
artery and the origin of the right subclavian artery. The position of the distal end of catheter can
be monitored by observation of radiopaque markers. Collector member is preferably inflated and
occludes the aorta at a point between the origin of the coronary artery and the right subclavian
artery. Next, a balloon and cutting tool are advanced through the catheter so that the cutting tool
and uninflated balloon are distal to the defective heart valve. Optionally an additional step, such
as balloon dilatation or atherectomy, may be required to provide a passageway through the heart
valve. A catheter is also placed into the coronary sinus via a transjugular puncture. This catheter
is used for infusion of blood or cardioplegia solution during the portion of the procedure when
the aorta is occluded. The absence of valves in the cardiac venous system allows retrograde flow
so that there will be an effluence of fluid from the coronary arteries. This flow of fluid is desired

to prevent embolization of material into the coronary arteries during the procedure. Once the
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cutting tool is in place, the balloon is inflated and flexible shaft is rotated. Once the cutting tool
has reached the appropriate rotation speed, the cutting tool is pulled proximally to remove the
defective heart valve. The balloon and the cutting tool are spaced apart so that the inflated
balloon will be stopped by the perimeter, unremoved portion of the defective heart valve, which
will signal the physician that the valve has been removed, as well as protect the heart and aorta
from damage from the valve removal device. Once it is determined that the defective heart valve
has been removed, the cutting tool is slowed or stopped altogether and the balloon is deflated.
The cutting tool and the deflated balloon are pulled proximally through catheter. Then, a
catheter containing an artificial heart valve is inserted and the artificial heart valve is placed as
described above.

[0052] The delivery and implantation system of the replacement artificial heart valve of
the present invention percutancously and transluminally includes a flexible catheter 400 which
may be inserted into a vessel of the patient and moved within that vessel as depicted in FIG. 8.
The distal end 410 of the catheter 400, which is hollow and carries the replacement heart valve
device of the present invention in its collapsed configuration, is guided to a site where it is
desired to implant the replacement heart valve. The catheter has a pusher member 420 disposed
within the catheter lumen 430 and extending from the proximal end 440 of the catheter to the
hollow section at the distal end 410 of the catheter. Once the distal end 410 of the catheter is
positioned as desired, the pusher mechanism 420 is activated and the distal portion of the
replacement heart valve device is pushed out of the catheter and the stent member 100 partially
expands. In this position the stent member 100 is restrained so that it doesn't pop out and is held
for controlled release, with the potential that the replacement heart valve device can be recovered

if there is a problem with the positioning. The catheter 400 is then retracted slightly and the
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replacement heart valve device is completely pushed out of the catheter 400 and released from
the catheter to allow the stent member 100 to fully expand. If the stent member 100 preferably
includes two circles of barbs on its outer surface as previously described, the first push and
retraction will set one circle of barbs in adjacent tissue and the second push and release of the
replacement heart valve device will set the other circle of barbs in adjacent tissue and securely
fix the replacement heart valve device in place when the device is released from the catheter.
[0053] Alternatively, or in combination with the above, the replacement heart valve
device could be positioned over a metallic guidewire that is advanced through the catheter. The
replacement heart valve device of the present invention is preferably implanted percutancously
through an aortic passageway to, or near to, the location from which the natural heart valve has
been removed. Referring to FIG. &, the implantation system comprises a flexible hollow tube
catheter 410 with a metallic guide wire 450 disposed within it. The stented valve device is
collapsed over the tube and is covered by a moveable sheath 460. The moveable sheath 460
maintains the stented valve device in the collapsed position. The implantation method comprises
the following steps: inserting the replacement heart valve device in the lumen of a central blood
vessel via entry through the brachial or femoral artery using a needle or exposing the artery
surgically; placing a guide wire 450 through the entry vessel and advancing it to the desired
position; advancing dilators over the wire to increase the lumen of the entry site, thereby
preparing the artery to receive the heart-valve; and advancing the heart-valve device to the
desired place. The stented-valve device is released by pulling the cover sheath 460 of the
delivery system allowing the self-expanding stent to achieve its full expansion. A balloon

expandable stent can alternately be used to deliver the valve to its desired position. At this point,
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a pigtail catheter is advanced over the wire and an aortogram is performed to assess the
competency of the valve.

[0054] Before creation of the valve means and implantation, the patient is studied to
determine the architecture of the patient's heart. Useful techniques include fluoroscopy,
transesophageal echocardiography, MRI, and angiography. The results of this study will enable
the physician to determine the appropriate size for the replacement heart valve.

[0055] In one procedure for implantation of the replacement heart valve device of the
present invention, the femoral artery of the patient is canulated using a Cook needle and a
standard J wire is advanced into the artery either percutaneously or after surgical exposure of the
artery. An 8 F introducer is advanced into the femoral artery over the wire. The J wire is then
withdrawn and anticoagulation is started using heparin 60 U/Kg intravenously. Once vascular
access is obtained an aortogram is performed for anatomical evaluation. A special wire
(Lunderquist or Amplatz superstiff) is advanced into the aortic arch and dilators progressively
larger are advanced over the wire, starting with 12 F all the way to 18 F. After this the valve
introducer device containing the prosthetic valve device is then inserted and used to transport the
replacement valve over a guidewire to the desired position. The stented-valve is released by
pulling the cover sheath of the delivery system allowing the self-expanding stent to achieve its
full expansion. At this point, a pigtail catheter is advanced over the wire and repeat aortogram is
performed to assess the competency of the valve.

[0056] When the device is used to treat severe leakage of the aortic valve, the native
valve is left in place and the prosthetic stented valve is deployed below the subclavian artery.

When the device is used to treat aortic stenosis, first the stenotic valve needs to be opened using
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cither aortic valvuloplasty or cutting and if this procedure induces aortic insufficiency the stented
valve is placed to prevent the regurgitation.

[0057] Intravascular ultrasound or an angioscope passed intravascularly via either the
venous system through the intra-atrial septum across the mitral valve and into the left ventricle or
retrograde via the femoral artery would provide the added benefit of allowing constant high
definition imaging of the entire procedure and high flow irrigation.

[0058] Once the endovascular implantation of the prosthetic valve device is completed in
the host, the function of the prosthetic valve device can be monitored by the same methods as
used to monitor valve replacements done by open heart surgery. Routine physical examination,
periodic echocardiography or angiography can be performed. In contrast to open heart surgery,
however, the host requires a short recovery period and can return home within one day of the
endovascular procedure. The prosthetic valve device can be used in any patient where
bioprosthetic valves are indicated, namely elderly patients with cardiac valve diseases, and
patients unable to tolerate open heart procedures or life-long anticoagulation. In addition, with
the development of longer-life, flexible, non-thrombogenic synthetic valve alternatives to
bioprosthesis, the prosthetic valve device will be indicated in all patients where the relative
advantages of the life-span, the non-thrombogenic quality, and the ease of insertion of prosthetic
valve devices outweigh the disadvantages of mechanical valves. Anticoagulation may be
beneficial in certain clinical situations for either short or long term use.

[0059] This method of percutancous endovascular heart-valve replacement, in contrast to
open heart surgical procedures, requires only local anesthesia, partial or no cardiac bypass, one
to two days hospitalization, and should result in a reduced mortality rate as compared to open

heart procedures.
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[0060] While the present invention has been shown and described herein in what is
considered to be a preferred embodiment thereof, illustrating the results and advantages over the
prior art obtained through the present invention, the invention is not limited to the specific
embodiments described above. Thus, the forms of the invention shown and described herein are
to be taken as illustrative and other embodiments may be selected without departing from the

spirit and scope of the present invention.

25
25410067

Edwards Lifesciences Corporation, et al. Exhibit 1003, p. 125 of 2218



Preliminary Amendment
Filed on April 15, 2014

REPLACEMENT DRAWINGS

ACTIVE 25361503

Edwards Lifesciences Corporation, et al. Exhibit 1003, p. 126 of 2218



REPLACEMENT SHEET

(upem BorbER )

_____ j 0D Fout (towerponder) :ﬁ_ o

FIG. 9A

Edwards Lifesciences Corporation, et al. Exhibit 1003, p. 127 of 2218



REPLACEMENT SHEET

UPPER BORDER

(UPPER EDGE OF SHEET
IS FOLDED TO OTHER SIDE)

(LOWER EDGE OF SHEET)

!
I
f
f
I
I
I
I
I
I
|
I
]
i
I
i
1
|
|
|
|
I
|
!
i
i
1
!
[
FIG. 9B

Edwards Lifesciences Corporation, et al. Exhibit 1003, p. 128 of 2218



REPLACEMENT SHEET

! !

1 f

[ UPPER BORDER | CDF OLD
1(UPPER EDGE OF SHEET

(IS FOLDED TO OTHER SIDE)

{
|
!
I
I
|
(
I
f 1
| (LOWER EDGE OF SHEET) i

i

|

I\ PR i
! ! /

4 S - 4
e \ / /
I
! /T \! f@ ‘ ' /
¥/ 1 , / ) t 7/
! by / Lo !
i { II l | v 7
\ { \ /
f i i I
5 . / K / /
\ / / ! \ / ! \ /
N y; | “ 7 i N\ P
~ ~ o - Mo T
- _ _ - i - i
FOLD TO ! (PFOLDTO { FOLD TO
LEAFLET/CUSP SHAPE f LEAFLET/CUSP SHAPE i LEAFLET/CUSP SHAPE
i
! !
! LOWER BORDER [ (2 FoLD

FIG. 9C

Edwards Lifesciences Corporation, et al. Exhibit 1003, p. 129 of 2218



Document code: WFEE
United States Patent and Trademark Office
Sales Receipt for Accounting Date: 05/02/2014

MNGUYEN SALE #00000011 Mailroom Dt: 04/15/2014 501943 14253650
01 FC : 2051 70.00 DA
02 FC:2830 70.00 DA

Edwards Lifesciences Corporation, et al. Exhibit 1003, p. 130 of 2218



PTO/SB/06 (09-11)

Approved for use through 1/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PATENT APPLICATION FEE DETERMINATION RECORD | Application or

Docket Number Filing Date

* If the entry in column 1 is less than the entry in column 2, write “0” in column 3.
** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20”.
*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3”.

Substitute for Form PTO-875 14/253,650 04/15/2014 | [ To be Mailed
ENTITY: [ LARGE [X] smALL [] MICRO
APPLICATION AS FILED — PART |
(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
L] Basic Fee N/A N/A N/A
37 CFR 1.16(a), (b), or (c!
D SEARCH FEE N/A N/A N/A
(37 CFR 1.16(K), (i), or (m))
D EXAMINATION FEE
(37 GFR 1.16(0), (p), or (qﬂ N/A /A /A
TOTAL CLAIMS . .
(37 CFR 1.16(1)) minus 20 = X $ =
INDEPENDENT CLAIMS . .
(37 CFR 1.16(h) minus 3 = XS -
If the specification and drawings exceed 100 sheets
n of paper, the application size fee due is $310 ($155
AGF;PCL;(F;{A:W'E?N SIZEFEE for small entity) for each additional 50 sheets or
{ 16(s) fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
[] MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()
—
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL
APPLICATION AS AMENDED - PART Il
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
— 04/15/2014 ,TWEAF"N'NG ’;g!\%g%sw PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
g E@') (37 CFR 5 Minus | = 20 -0 x s40 - 0
= et vinus | -3 -0 x 5210 - 0
3 l:l Application Size Fee (37 CFR 1.16(s))
|:| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL ADD’L FEE 0
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
= AMENDMENT PAID FOR
E I?é?l (37 CFR * Minus | ** - X -
Independent . :
2| e, Minus - Xs -
E D Application Size Fee (37 CFR 1.16(s))
=
<€ | ] FiRsT PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 GFR 1.16()
TOTAL ADD’L FEE

LIE
/LAVINIA JOHNSON/

The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

'I-'his collection of information is required by 37 CF-R 1.16. ?he information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to

process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.

Edwards Lifesciences Corporation, et al. Exhibit 1003, p. 131 of 2218



PTO/SB/06 (09-11)
Approved for use through 1/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PATENT APPLICATION FEE DETERMINATION RECORD | Application or

Docket Number Filing Date

Substitute for Form PTO-875 14/253,650 04/15/2014 | [ 7o be Mailed

APPLICATION AS FILED — PART |

eNTITY: [ LArRGe [X] smaLL [] micro

* If the entry in column 1 is less than the entry in column 2, write “0” in column 3.
** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20”.
*** |f the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3”.

(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
L1 Basic Fee N/A N/A N/A
(37 CFR 1.16(a). (b) or (o))
D SEARCH FEE N/A N/A N/A
(37 CFR 1.16(k), (i), or (m))
]
EXAMINATION FEE
(37 GFR 1.16(0), (p), or (qﬂ N/A N/A N/A
TOTAL CLAIMS . B
37 CFR 1.16(i minus 20 = X $ =
INDEPENDENT CLAIMS . .
(37 GFR 1.16(h) minus 3 = XS -
If the specification and drawings exceed 100 sheets
n of paper, the application size fee due is $310 ($155
ASF;PCL::%?USN SIZE FEE for small entity) for each additional 50 sheets or
( 16(s)) fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
[ MULTIPLE DEPENDENT GLAIM PRESENT (37 CFR 1.16()
p—
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL
APPLICATION AS AMENDED - PART I
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
| 04/15/2014 | ;=rer PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
g EE;') (37 CFR -5 Minus | = 20 -0 x s40 - 0
A EE EE vins | -3 -0 x 5210 - 0
= | [] Avplication Size Fee (37 CFR 1.16(s))
< j—
|:| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL ADD'’L FEE 0
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
AMENDMENT PAID FOR
= B
E 1.?6?) (37 CFR * Minus | = - X$ =
Independent . ;
H EE Minus - xs -
Z | T appication size Fee (37 GFR 1.16(s))
=
< D FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 GFR 1.16(j))
TOTAL ADD'L FEE

LIE
/LAVINIA JOHNSON/

The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,

preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the

individual case. Any comments on the amount of time you

require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.

Edwards Lifesciences Corporation, et al.

Exhibit 1003, p. 132 of 2218



Doc Code: PA.. PTO/AIA/82A (07-13)
Document Description: Power of Attorney Approved for use through 11/30/2014. OMB 0651-0051

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE
REGISTERED PRACTITIONERS

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B) to identify the application to which the
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of
Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA82B identifies the application to which the Power of Attorney is
directed, the Power of Attorney will not be recognized in the application.

Application Number 14/253,650

Filing Date 2014-04-15

, David PANIAGUA
First Named Inventor

Title Percutaneous Bioprosthetic Heart Valve and a Delivery and Implantation
System

Art Unit not assigned

Examiner Name not aSSigned

Attorney Docket Number |109978.10104

SIGNATURE of Applicant or Patent Practitioner

Signature / Mark L. Yaskanin / pete (ovtonal | 18 April 2014

Name Mark L. Yaskanin Registration 45246
Number

Title (if Applicant is a
juristic entity)

Applicant Name (if Applicant is a juristic entity)

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. If
more than one applicant, use multiple forms.

|:| *Total of forms are submitted.

This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. The information is required to obtain or retain a benefit by
the public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.11 and 1.14. This collection is estimated to take 3 minutes to complete, including gathering, preparing, and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require
to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.

Edwards Lifesciences Corporation, et al. Exhibit 1003, p. 133 of 2218




PTQ/AIAIS0 (07-12)

Appraved for use through 11/3042014. OMB 06851-0035

U.S. Petent and Trademark Office; U.S DEPARTMENT OF COMMERCE

Under the Paparwork Redugtion Act of 1895, ne porsons are required o respond to a collection of information untess it displays a velid QMB control number.

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO

| hereby revoke alt previous powers of attorney given in the application identified in the attached statement
under 37 CFR 3.73(c).
I hereby appoint:

F;:;lilicmers assoclated with Customer Number: 2 9 8 8 0

D Practitioner{s) named below (if more than ten patent practiioners are to be named, then a customer number must be used):

Name Regislration Name Registration
Number Number

As attorney(s) or agent(s) lo reprasent the undersigned before the United States Patent and Trademark Offlca {USPTO) In connection with
any and all patent applications essigned gnly to the undersigned according to the USPTO assignment records or assignments documents
atlached to this form in accordance with 37 CFR 3.73(c).

Please change the comrespondence address for the application identified In ihe atlached statement under 37 CFR 3.73(c) to:

E The address associated wilh Gustomer Number: 29 8 80
OR

Firm or
Individual Name

Address

City State | Zip

Country

Telephone Email

Assignee Name and Address: Colibri Heart Valve LLC
2150 W. 6th Ave., Suite M
Broomfield, Colorado 80020

A copy of this form, togather with a statement undar 37 CFR 3.73(c) (Form PTO/AIA/96 or equivalent) is required to be
Filed in each application In which this form is used. The statement under 37 CFR 3.73(c) may be completed by one of
The practitionaers appointed in this form, and must identify the application in which this Powaer of Attorney is to be filed.

SIGNATURE of Assignee of Record
The indi»idual whose signature and title is supplied below is autherized to act on behalf of the assignee

Signatuse // _ Date |- [T]=2013

Name ()s ptYB. Horn Telephone 303 460 8667
1Iltle President and CEOQ for Colibri Heart Valve LLC
This collection of information is roqmred by 37 CFR 1.31, 1.32 and 1.33. The informalion is raguired to obtain or refain a benafil by the public which is 1o file (and
by the USPTO to p ) an ap Confidenliality is govamed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collaction is aslimated i¢ iake 3 minuies

10 comploto, mcludlng palhering. praparing, and submilting the compleled applicalion form io the USPTO, Time will vary depending upon the individual case, Any
comments on tha amouni of lima you require to cemplete Lhis form and/or suggoations for reducing this burden, should be sent lo the Chiel Information Officer,
U.S. Patent gnd Trademark Office, U.S. Daparimant of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: C isslk for P P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing lhe form, call 1-800-PTQ-9199 and selecl oplion 2.

Edwards Lifesciences Corporation, et al. Exhibit 1003, p. 134 of 2218



PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

U.S. Patent and Trademark Office;U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act 0f1995, no persons arerequired to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)
Applicant/Patent Owner: Colibri Heart Valve LLGC

Application No./Patent No.: 14/253,650 Filed/Issue Date: 2014-04-15
Titleq: Percutaneous Bioprosthetic Heart Valve and a Delivery and Implantation System

Colibri Heart Valve LLC . a corporation

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)
states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below):
1. The assignee of the entire right, title, and interest.

2. D An assignee of less than the entire right, title, and interest (check applicable box):

|_| The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

|:| There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

3. D The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

4. D The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below):

A D An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel , Frame , or for which a copy
thereof is attached.

B. A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. From: Inventor Paniagua To: Edoluminal Technology Research, LLC

The document was recorded in the United States Patent and Trademark Office at

Reel 032697 , Frame 0683 , or for which a copy thereof is attached.
5 From: Endoluminal Technology Research, LLC To: Endoluminal Technology LLC

The document was recorded in the United States Patent and Trademark Office at
Reel 032697 , Frame 0830 , or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by37 CFR3.73(b). The information is required toobtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentialityis governed by35 U.S.C. 122and 37 CFR1.11 and1.14. Thiscollection is estimated to take 12 minutes to complete, including
gathering, preparing, and submittingthe completed application form to the USPTO.Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent tothe Chief Information Officer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS.SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)

3 From: |nventor Fish To: Endoluminal Technology LLC
The document was recorded in the United States Patent and Trademark Office at
Reel 032697 , Frame 0960 , or for which a copy thereof is attached.
4. From: Endoluminal Technology LLC To: Vela Biosystems LLC

The document was recorded in the United States Patent and Trademark Office at

Reel 032698 , Frame 0121 , or for which a copy thereof is attached.
5 From: Vela Biosystems LLC To: R. David Fish and David Paniagua
The document was recorded in the United States Patent and Trademark Office at
Reel 032698 , Frame 0313 , or for which a copy thereof is attached.
6. From: R. David Fish and David Paniagua To: Colibri Heart Valve LLC
The document was recorded in the United States Patent and Trademark Office at
Reel 032698 , Frame 0481 , or for which a copy thereof is attached.

|:| Additional documents in the chain of title are listed on a supplemental sheet(s).

As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

/ Mark L. Yaskanin / 18 April 2014
Signature Date

Mark L. Yaskanin 45246

Printed or Typed Name Title or Registration Number

[Page 2 of 2]
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that yoube given certain informationin connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, pleasebe advised that: (1) the general authority forthe collection of thisinformation is 35
U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and(3) the principal purpose forwhich the
information isused by the U.S. Patent and Trademark Office is to process and/or examine your submission related
to a patent applicationor patent. If you do not furnish the requested information,the U.S. Patent and Trademark
Office may not be able to process and/or examineyour submission,which may result in termination of proceedings
or abandonment of the applicationor expiration of the patent.

The informationprovided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is
required by the Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the
course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the informationin order to perform a contract. Recipients of information shall be required
to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).
A record related to an InternationalApplication filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act
(42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's
responsibility to recommend improvements in records management practices and programs, under
authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA
regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or
Commerce) directive. Such disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C.
151. Further, arecord may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the
public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to
public inspection or an issued patent.

A record from thissystem of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Electronic Acknowledgement Receipt

EFS ID: 18806913
Application Number: 14253650
International Application Number:
Confirmation Number: 5427

Title of Invention:

IMPLANTATION SYSTEM

PERCUTANEOUS BIOPROSTHETIC HEART VALVE AND A DELIVERY AND

First Named Inventor/Applicant Name:

David PANIAGUA

Customer Number:

29880

Filer:

Mark Lauren Yaskanin/Carol Donahue

Filer Authorized By:

Mark Lauren Yaskanin

Attorney Docket Number: 109978.10104
Receipt Date: 18-APR-2014
Filing Date:
Time Stamp: 17:28:00

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

no

File Listing:

Document . . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
73878
Colibri_10104_POA_transmittal
1 Power of Attorney PDF no 1
’ dbd15e15823ff848bcb1f50d185068bb 152

Warnings:

Information:
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71712
2 Power of Attorney Colibri_10104_POA.PDF no 1
ed8922bd73ce946fc238091e3bf3aa784eff]
4152
Warnings:
Information:
. A A oo 135764
3 Assignee showing of ownership per37 | Colibri_10104_statement_re_o no 3
CFR3.73. wnership_under_3-73.PDF
668f64966f1a51047391923343a08b7edbby
afb2
Warnings:
Information:
Total Files Size (in bytes):{ 281354

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 14/253,650
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR 1.16(a), (b), or () N/A N/A N/A 70 N/A
SEARCH FEE
(37 CFR 1.16(K), ), or (m) N/A N/A N/A 300 N/A
EXAMINATION FEE
(37 CFR1.18(0). (p) or () N/A N/A N/A 360 N/A
TOTAL CLAIMS . *
(37 CFR 1.16(i)) 5 minus 20 = 40 - 0.00 OR
INDEPENDENT CLAIMS
(37 GFR 1.16(h) 1 minus 3 = 210 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 730 TOTAL
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE(S) RATE(S) FEE($)
E AMENDMENT PAID FOR
] Total i =
s (37 CFOR ?.15(\)) Minus OR =
[m)] - r— =
Z [ eepensent OR -
3 Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 GFR 1.16(})) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
L Total Minus =
= (a7 CFgWaJS(\)) OR =
% Independent Minus = OR ~
| (37 CFR 1.16(h)) -
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 GFR 1.16(}))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |If the "Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter "20".

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1

Edwards Lifesciences Corporation, et al. Exhibit 1003, p. 140 of 2218




UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APE%S{%QQON I 32}(;1)1\113CTAC’TIE Glgx;?fT I FIL FEE REC'D I ATTY.DOCKET.NO ITOT CLAIMSIIND CLAIMSl
14/253,650 04/15/2014 3738 800 109978.10104 5 1
CONFIRMATION NO. 5427
29880 FILING RECEIPT
FOX ROTHSCHILD LLP
PRINCETON PIKE CORPORATE CENTER R T D
097 LENOX DRIVE 000000068203270
BLDG. #3

LAWRENCEVILLE, NJ 08648
Date Mailed: 05/05/2014

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)

David PANIAGUA, Houston, TX;

R. David FISH, Houston, TX;
Applicant(s)

Colibri Heart Valve LLC, Broomfield, CO
Assignment For Published Patent Application

Colibri Heart Valve LLC, Broomfield, CO

Power of Attorney: The patent practitioners associated with Customer Number 29880

Domestic Priority data as claimed by applicant
This application is a CON of 13/675,665 11/13/2012
which is a CON of 10/887,688 07/10/2004 PAT 8308797
which is a CIP of 10/037,266 01/04/2002 ABN

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access - A proper Authorization to Permit Access to Application by Participating Offices
(PTO/SB/39 or its equivalent) has been received by the USPTO.

If Required, Foreign Filing License Granted: 05/01/2014
The country code and number of your priority application, to be used for filing abroad under the Paris Convention,

is US 14/253,650
page 1 of 3
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Projected Publication Date: 08/14/2014
Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **

Title
PERCUTANEOUS BIOPROSTHETIC HEART VALVE AND A DELIVERY AND IMPLANTATION
SYSTEM

Preliminary Class
623

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No
PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

page 2 of 3
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.

page 3 of 3
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
14/253,650 04/15/2014 David PANIAGUA 109978.10104

CONFIRMATION NO. 5427

29880 NOTICE

FOX ROTHSCHILD LLP

PRINGETON PIKE CORPORATE GENTER T

997 LENOX DRIVE

BLDG. #3

LAWRENCEVILLE, NJ 08648
Date Mailed: 05/05/2014

INFORMATIONAL NOTICE TO APPLICANT

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the
expiration of the time period set in the "Notice of Allowability” to avoid abandonment. See 37 CFR 1.53(f).

The item(s) indicated below are also required and should be submitted with any reply to this notice to avoid
further processing delays.

+ A properly executed inventor's oath or declaration has not been received for the following inventor(s):
David PANIAGUA
R. David FISH

page 1 of 1
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AND

)

UNITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for Patents
United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450
wwwvuspto.gov

FOX ROTHSCHILD LLP

PRINCETON PIKE CORPORATE CENTER | MAY. 0 6 2014

'997 LENOX DRIVE ' e

BLDG. #3 OFFICE OF PETITIONS

LAWRENCEVILLE NJ 08648

Doc Code: TRACK1.GRANT

Decision Granting Request for A
Prioritized Examination Application No.: 14/253,650
(Track | or After RCE)

1. THE REQUEST FILED April 15, 2014 IS GRANTED.

The above-identified application has met the requirements for prioritized examination
A X for an original nonprovisional application (Track I). X
B.- [] for an application undergoing continued examination (RCE).

2. The above-identified application will undergo prioritized examination. The application will be
accorded special status throughout its entire course of prosecution until one of the following occurs:

A. filing a petition for extension of time to extend the time period for filing a reply;

B. filing an amendment to amend the application to contain more than four independent

claims, more than thirty total claims, or a multiple dependent claim;

filing a request for continued éxamination;
filing a notice of appeal,

filing a request for suspension of action;
mailing of a notice of allowance,

mailing of a final Office action;

I®mMmoo

completion of examination as defined in 37 CFR 41.102; or

l. abandonment of the application.

Telephone inquiries with regard to this decision should be directed to Brian W. Brown at 571-272-5338.

/Brian W. Brown/ Petitions Examiner, Office of Petitions
[Signature] (Title)

U.S. Patent and Trademark Office
PTO-2298 (Rev. 02-2012)
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Electronic Acknowledgement Receipt

EFS ID: 19119381
Application Number: 14253650
International Application Number:
Confirmation Number: 5427

Title of Invention:

IMPLANTATION SYSTEM

PERCUTANEOUS BIOPROSTHETIC HEART VALVE AND A DELIVERY AND

First Named Inventor/Applicant Name:

David PANIAGUA

Customer Number:

29880

Filer:

Mark Lauren Yaskanin/Carol Donahue

Filer Authorized By:

Mark Lauren Yaskanin

Attorney Docket Number: 109978.10104
Receipt Date: 23-MAY-2014
Filing Date: 15-APR-2014
Time Stamp: 16:48:11

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

no

File Listing:

Document . . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
460326
1 Non Patent Literature 10102_US-14136516_Notice_of no 9
_Allowance_2014-03-31.PDF
3128b041e5bebebe22eff142abb5b16cc40
<6839

Warnings:

Information:
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10100_US_10-887688_Office_A|

298533

2 Non Patent Literature ction_2007-11-28.pdf no 7
4ela45e526a9809e3b1daa5b288452b8fef|
6e39%
Warnings:
Information:
) 300122
3 Non Patent Literature 10100_U5_10-887688_Final_Of no 8
fice_Action_2008-07-15.pdf
42d0ed78e24f18c3aceff2930efcocl a247da)
450
Warnings:
Information:
i 466502
4 Non Patent Literature 10100_US_10-887688_Office A no 12
ction_2009-03-16.pdf
46114e18c58b1e61a58e34408e03bd 0832
4767b
Warnings:
Information:
10100_US_10-887688_Examine] 176346
5 Non Patent Literature r_Interview_Summary_2009-06 no 4
-12.pdf 7bécaf69e2177226a6a149d3a945 148253
55a3a
Warnings:
Information:
) 633907
6 Non Patent Literature 10100_US._10-887688_Final_Of no 15
fice_Action_2010-03-02.pdf
daae3008a0a10457e705d8fc6b2dd604c0b)
d5a69
Warnings:
Information:
10100_US_10-887688_Declarat 5008347
7 Non Patent Literature ion_of_Inventors_2009-09-14. no 128
pdf 391469479(d4897bdd9a67dfad 1 0ddee0d
82cle
Warnings:
Information:
10100_US_10-887688_Declarat 3870953
8 Non Patent Literature ion_of Inventors_2008-02-28. no 85
pdf 657ad588a4b50407¢16834948af838827e6
Warnings:
Information:
10100_US_10-887688_Declarat| 1899083
9 Non Patent Literature ion_of_Inventors_2008-12-15. no 46
pdf 359d55¢2c06023369ab2c36187e7f03b2a9
Warnings:
Information:
10100_US_10-887688_Examine] 187781
10 Non Patent Literature r_Interview_Summary_2010-07| no 4
-26.pdf 3287a%e03afacd01db7c7c1bid60e9dbE22
3977F
Warnings:

Information:

Edwards Lifesciences Corporation, et al. Exhibit 1003, p. 147 of 2218




385115
11 Non Patent Literature 10100_US_10-887688_Office A no 10
ction_2012-02-16.pdf
edd156e8dd690f32a2d5eaf862602e7b597|
2d9c2
Warnings:
Information:
) 303920
12 Non Patent Literature 10110_US_12-228192_Office_A no 9
ction_2010-09-29.pdf
70c49a9433dd0achff8507779b1833421e8a|
cdb1
Warnings:
Information:
10110_US_12-228192_Examine| 161803
13 Non Patent Literature r_Interview_Summary_2011-04 no 3
-05.pdf 8cd2ca6493510b177d8cfad8b7db348f7b1
ef6s
Warnings:
Information:
. 12085622
14 Non Patent Literature 10110_US_12-228192_Final_Of no 14
fice_Action_2011-07-14.pdf
48467f8222486a3724a21d8328047ae8fd6
Warnings:
Information:
) . 259047
15 Non Patent Literature US_10-037266_Office_Action_ no 7
2003-05-08.pdf
914d4eb72f062d336803af5d89d99ff82c7a
Warnings:
Information:
US_10-037266_Final_Offi A 249887
: _10- _Final_Office_Ac|
16 Non Patent Literature tion_2004-03-09.pdf no 7
3b61cf802da3c247d0aabdb2afel ae201b5
blacs
Warnings:
Information:
Total Files Size (in bytes):‘ 26747294

Edwards Lifesciences Corporation, et al. Exhibit 1003, p. 148 of 2218




This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Doc code: IDS
Doc description: Information Disclosure Statement (IDS) Filed

PTO/SB/08a (01-10)

Approved for use through 07/31/2012. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Application Number 14253650
Filing Date 2014-04-15
First Named Inventor | David PANIAGUA
Art Unit | 3738
Examiner Name | Not assigned yet

Attorney Docket Number ‘ 109978.10104

U.S.PATENTS

Remove

Pages,Columns,Lines where

E)_(gn‘llner Cite Patent Number Kind Issue Date Na”."e of Patentee or Applicant Relevant Passages or Relevant
Initial No Codet of cited Document .
Figures Appear

1 RE40404 2008-06-24 Schmitt et al.

2 RE423585 2011-05-24 Wright et al.

3 3014024 1861-12-19 Lieberman et al.

4 3029819 1962-04-17 Edward

5 3105492 1963-10-01 Jeckel

6 3320972 1967-05-23 High et al.

7 3400914 1968-11-12 Jones

8 3548417 1970-12-22 Kischer et al.
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INFORMATION DISCLOSURE First Named Inventor | David PANIAGUA
STATEMENT BY APPLICANT At Uni
N nit ‘ 3738
( Not for submission under 37 CFR 1.99)
Examiner Name | Not assigned yet

Attorney Docket Number ‘ 109978.10104

9 3562820 1871-02-16 Braun

10 3588920 1971-06-29 Wesolowski
11 3671979 1972-06-27 Moulopoulos
12 3709175 1873-01-09 Edwards et al.
13 3878565 1975-04-22 Sauvage

14 3966401 1976-06-29 Hancock et al.
15 3945052 18976-03-23 Liebig

16 3983581 1976-10-05 Angell et al.
17 3986828 1976-10-19 Hoffman, Jr. et al.
18 4011947 1977-03-15 Sawyer

19 4035849 1877-07-19 Angell et al.
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STATEMENT BY APPLICANT At Uni
N nit ‘ 3738
( Not for submission under 37 CFR 1.99)
Examiner Name | Not assigned yet

Attorney Docket Number ‘109978.10104

20 4055861 1877-11-01 Carpentier et al.
21 4056854 1977-11-08 Boretos et al.
22 4060081 1977-11-29 Yannas et al.
23 4082507 1978-04-04 Sawyer

24 4084268 1978-04-18 lonescu et al.
25 4106129 1978-08-15 Carpentier et al.
26 4164045 1979-08-14 Bokros et al.

27 4172295 1979-10-30 Batten

28 4218782 1980-08-26 Rygg

29 4222126 1970-09-16 Boretos et al.
30 4233493 1880-11-11 Nath et al.
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N nit ‘ 3738
( Not for submission under 37 CFR 1.99)
Examiner Name | Not assigned yet

Attorney Docket Number ‘ 109978.10104

Y| 4265694 1881-05-05 Boretos et al.
32 4291420 1981-09-29 Reul

33 4340977 1982-07-27 Bownlee et al.
34 4350492 1982-09-21 Wright et al.
35 4364127 1982-12-21 Pierce et al.
36 4388735 1983-06-21 lonescu et al.
37 4423525 1884-01-03 Vallana et al.
38 4441216 1984-04-10 lonescu et al.
39 4456589 1984-06-26 Holman et al.
40 4473423 1984-09-25 Kolff

41 4477930 1984-10-23 Totten et al.
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Application Number 14253650

Filing Date 2014-04-15
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STATEMENT BY APPLICANT At Uni
N nit ‘ 3738
( Not for submission under 37 CFR 1.99)
Examiner Name | Not assigned yet

Attorney Docket Number ‘ 109978.10104

42 4490859 1985-01-01 Black et al.
43 4517687 1985-05-21 Liebig et al.
44 4545082 1985-10-08 Hood

45 4597762 1986-07-01 Walter et al.
46 4600533 1986-07-15 Chu

47 4631052 1986-12-23 Kensey

48 4657133 1987-04-14 Komatsu et al.
49 4666442 1987-05-19 Arru et al.

50 4728328 1998-03-01 Hughes et al.
51 4743231 1988-05-10 Kay et al.

52 4759758 1988-07-26 Gabbay
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Filing Date 2014-04-15
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STATEMENT BY APPLICANT At Uni
N nit ‘ 3738
( Not for submission under 37 CFR 1.99)
Examiner Name | Not assigned yet

Attorney Docket Number ‘109978.10104

53 4759759 1988-07-26 Walker et al.
54 4798611 1989-01-17 Freeman, Jr.
55 4801299 1989-01-31 Brendel et al.
56 4870966 1989-10-03 Dellon et al.
57 4883458 1989-11-28 Shiber

58 4892539 1990-01-09 Koch

59 4966604 1980-10-30 Reiss

60 4976733 1990-12-11 Giradot

61 4979939 1990-12-25 Shiber

62 5006104 1991-04-09 Smith et al.
63 5007896 1991-04-16 Shiber
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Filing Date 2014-04-15
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STATEMENT BY APPLICANT At Uni
N nit ‘ 3738
( Not for submission under 37 CFR 1.99)
Examiner Name | Not assigned yet

Attorney Docket Number ‘109978.10104

64 5011488 1991-04-30 Ginsburg

65 5026366 1891-06-25 Leckrone

66 5032128 1891-07-16 Alonso

67 5047041 1891-09-10 Samuels

68 5047050 1891-09-10 Arpesani

69 5061277 1991-10-29 Carpentier et al.
70 5080660 1882-01-14 Buelna

71 5052771 1991-10-01 Williams et al.
72 5139515 1992-08-18 Robicsek

73 5163955 1892-11-17 Love et al.
74 5171273 1892-12-15 Silver et al.
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STATEMENT BY APPLICANT At Uni
N nit ‘ 3738
( Not for submission under 37 CFR 1.99)
Examiner Name | Not assigned yet

Attorney Docket Number ‘ 109978.10104

75 5226889 1993-07-13 Sheiban

76 5261878 1993-11-16 Galindo

77 5282847 1884-02-01 Trescony et al.
78 5326370 1894-07-05 Love et al.

79 5326371 19894-07-05 Love et al.

80 5332402 1994-07-26 Teitelbaum

81 5336616 1894-08-09 Livesey et al.
82 5360443 1894-11-01 Barone et al.
83 5374539 1994-12-20 Nimni et al.

84 5376110 1994-12-27 Tuetal.

85 5383927 1995-01-24 De Goiceochea et al.
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STATEMENT BY APPLICANT At Uni
N nit ‘ 3738
( Not for submission under 37 CFR 1.99)
Examiner Name | Not assigned yet

Attorney Docket Number ‘ 109978.10104

86 5411552 1995-05-02 Andersen et al.
87 5413601 1995-05-09 Keshelava
88 5449384 1995-09-12 Johnson

89 5476506 1995-12-19 Lunn

90 5480424 1986-01-02 Cox

9N 5489297 1996-02-06 Duran

92 5500015 1986-03-19 Deac

93 5509930 1996-04-23 Love

94 5522879 1995-06-04 Scopelianos
95 5522881 1996-06-04 Lentz

96 5545215 1996-08-13 Duran
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STATEMENT BY APPLICANT At Uni
N nit ‘ 3738
( Not for submission under 37 CFR 1.99)
Examiner Name | Not assigned yet

Attorney Docket Number ‘ 109978.10104

o7 5549664 1996-08-27 Hirata et al.
98 5549666 1996-08-27 Hata et al.
99 5571170 1996-11-05 Palmaz et al.
100 5571173 1996-11-05 Parodi

101 5571174 1996-11-05 Love et al.
102 5578071 1996-11-26 Parodi

103 5578072 1996-11-26 Barone et al.
104 5582168 1996-12-10 Samuels et al.
105 5591229 1997-01-07 Parodi

106 5634928 1997-06-03 Fischell et al.
107 5653749 1997-08-05 Love et al.
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Application Number 14253650

Filing Date 2014-04-15
INFORMATION DISCLOSURE First Named Inventor | David PANIAGUA
STATEMENT BY APPLICANT At Uni
N nit ‘ 3738
( Not for submission under 37 CFR 1.99)
Examiner Name | Not assigned yet

Attorney Docket Number ‘ 109978.10104

108 5713953 1998-02-03 Vallana et al.
109 5728152 1998-03-17 Mirsch, Il et al.
110 5733299 1998-03-21 Sheiban et al.
11 5741333 1998-04-21 Frid

112 5746775 1998-05-05 Levy et al.

113 5769780 1998-06-23 Hata et al.

114 5782914 1998-07-21 Schankereli
115 5787887 1998-08-04 Klingenbeck-Regn
116 5840081 1998-11-24 Anderson et al.
17 5855601 1999-01-05 Bessler et al.
118 5861028 1999-01-19 Angell
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Filing Date 2014-04-15
INFORMATION DISCLOSURE First Named Inventor | David PANIAGUA
STATEMENT BY APPLICANT At Uni
N nit ‘ 3738
( Not for submission under 37 CFR 1.99)
Examiner Name | Not assigned yet

Attorney Docket Number ‘109978.10104

119 5862806 1999-01-26 Cheung

120 5895420 1999-04-20 Mirsch, Il et al.
121 5931969 1999-08-03 Carpentier et al.
122 5857949 1999-09-28 Leonhardt et al.
123 5961539 1999-10-05 Northup et al.
124 5961549 1999-10-05 Nguyen et al.
125 5972030 1999-10-26 Garrison et al.
126 5976179 1999-11-02 Inoue

127 6004328 1999-12-21 Solar

128 6004330 1999-12-21 Middleman et al.
129 6010531 2000-01-04 Donlon et al.
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Filing Date 2014-04-15
INFORMATION DISCLOSURE First Named Inventor | David PANIAGUA
STATEMENT BY APPLICANT At Uni
N nit ‘ 3738
( Not for submission under 37 CFR 1.99)
Examiner Name | Not assigned yet

Attorney Docket Number ‘ 109978.10104

130 6029671 2000-02-29 Stevens et al.
131 6045576 2000-04-04 Starr et al.

132 6053938 2000-04-25 Goldmann et al.
133 6091984 2000-07-18 Perelman et al.
134 6102944 2000-08-15 Huynh et al.
135 6117169 2000-09-12 Moe

136 6124523 2000-09-26 Banas et al.
137 6125852 2000-10-03 Stevens et al.
138 6126686 2000-10-03 Badylak et al.
139 6129756 2000-10-10 Kugler

140 6162245 2000-12-19 Jayaraman
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Filing Date 2014-04-15
INFORMATION DISCLOSURE First Named Inventor | David PANIAGUA
STATEMENT BY APPLICANT At Uni
N nit ‘ 3738
( Not for submission under 37 CFR 1.99)
Examiner Name | Not assigned yet

Attorney Docket Number ‘109978.10104

141 6168614 2001-01-02 Andersen et al.
142 6168619 2001-01-02 Dinh et al.

143 6171335 2001-01-09 Wheatley et al.
144 6174327 2001-01-16 Mertens et al.
145 6186999 2001-02-13 Chen

146 6197143 2001-03-06 Bodnar

147 6214055 2001-04-10 Simionescu et al.
148 6221091 2001-04-24 Khosravi

149 6231602 2001-05-15 Carpentier et al.
150 6245102 2001-06-12 Jayaraman

151 6254629 2001-07-03 Incue
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Application Number 14253650

Filing Date 2014-04-15
INFORMATION DISCLOSURE First Named Inventor | David PANIAGUA
STATEMENT BY APPLICANT At Uni
N nit ‘ 3738
( Not for submission under 37 CFR 1.99)
Examiner Name | Not assigned yet

Attorney Docket Number ‘109978.10104

152 6254630 2001-07-03 Inoue

153 6254636 2001-07-03 Peredo

154 6264691 2001-07-24 Gabbay

155 6269819 2001-08-07 Oz et al.

156 6270526 2001-08-07 Cox

157 6277397 2001-08-21 Shimizu

158 6277555 2001-08-21 Duran et al.

159 6287335 2001-09-11 Drasler et al.
160 6293970 2001-09-25 Wolfinbarger, Jr. et al.
161 6312462 2001-11-06 McDermott et al.
162 6312474 2001-11-06 Francis et al.
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Filing Date 2014-04-15
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STATEMENT BY APPLICANT At Uni
N nit ‘ 3738
( Not for submission under 37 CFR 1.99)
Examiner Name | Not assigned yet

Attorney Docket Number ‘109978.10104

163 6334873 2002-01-01 Lane et al.
164 6342069 2002-01-29 Deac et al.
165 6350282 2002-02-26 Eberhardt

166 6352554 2002-03-05 De Paulis

167 6352708 2002-03-05 Duran et al.
168 6358275 2002-03-19 Mcllroy et al.
169 6358284 2002-03-19 Feamnot et al.
170 6371980 2002-04-16 Rudakov et al.
171 6376244 2002-04-23 Atala et al.
172 6378221 2002-04-30 Ekholm, Jr. et al.
173 6383171 2002-05-07 Gifford et al.
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Filing Date 2014-04-15
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STATEMENT BY APPLICANT At Uni
N nit ‘ 3738
( Not for submission under 37 CFR 1.99)
Examiner Name | Not assigned yet

Attorney Docket Number ‘109978.10104

174 6391333 2002-05-21 Lietal.

175 6409755 2002-06-25 Vrba

176 6418339 2002-07-09 Essenpreis et al.
177 6425916 2002-07-30 Garrison et al.
178 6432712 2002-08-13 Wolfinbarger, Jr. et al.
179 6440167 2002-08-27 Shimizu

180 6458153 2002-10-01 Bailey et al.

181 6461382 2002-10-08 Cao

182 6468313 2002-10-22 Claeson et al.
183 6471723 2002-10-29 Ashworth et al.
184 6482227 2002-11-19 Solovay
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INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Application Number

14253650

Filing Date

2014-04-15

First Named Inventor | David PANIAGUA

Art Unit

‘3738

Examiner Name

| Not assigned yet

Attorney Docket Number

‘ 109978.10104

185 6482228 2002-11-19 Norred

186 6482240 2002-11-19 Echmayer et al.
187 6491719 2002-12-10 Fogarty et al.
188 6494909 2002-12-17 Greenhalgh

189 6503272 2003-01-07 Duerig et al.
190 6534004 2003-03-18 Chen et al.

191 6540782 2003-04-01 Snyders

192 6558418 2003-05-06 Carpentier et al.
193 6569200 2003-05-27 Wolfinbarger Jr. et al.
194 6565960 2003-05-20 Koob et al.

195 6582458 2003-06-24 White et al.
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( Not for submission under 37 CFR 1.99)
Examiner Name | Not assigned yet

Attorney Docket Number ‘ 109978.10104

196 6582462 2003-06-24 Andersen et al.
197 6582464 2003-06-24 Gabbay

198 6599524 2003-07-29 Liet al.

199 6624890 2003-08-23 Backman et al.
200 6626938 2003-09-30 Butaric et al.
201 6652577 2003-11-25 Gianotti

202 6652578 2003-11-25 Bailey et al.
203 6553681 2003-04-29 Ekholm, Jr. et al.
204 6610088 2003-08-26 Gabbay

205 6666886 2003-12-23 Tranquillo et al.
206 6682559 2001-01-27 Myers et al.
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( Not for submission under 37 CFR 1.99)
Examiner Name | Not assigned yet

Attorney Docket Number ‘ 109978.10104

207 6685739 2004-02-03 Dimatteo et al.
208 6696074 2004-02-24 Dia et al.

209 6719788 2004-04-13 Cox

210 6719789 2004-04-13 Cox

211 6702826 2004-03-09 Liddicoat et al.
212 6736823 2004-05-18 Darios et al.
213 6764510 2004-07-20 Vidlund et al.
214 6773456 2004-08-10 Gordon et al.
215 6773457 2004-08-10 lvancev

216 6790229 2004-09-14 Berreklouw
217 6792979 2004-09-21 Konya et al.
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( Not for submission under 37 CFR 1.99)
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Attorney Docket Number ‘ 109978.10104

218 6802319 2004-10-12 Stevens et al.
219 6802806 2004-10-12 McCarthy et al.
220 6821297 2004-11-23 Snyders

221 65821530 2004-11-23 Koob et al.
222 6830584 2004-12-14 Seguin

223 6893460 2005-05-17 Spenser et al.
224 6908481 2005-06-21 Cribier

225 6913608 2005-07-02 Liddicoat et al.
226 6916338 2005-07-12 Speziali

227 6942694 2005-09-13 Liddicoat et al.
228 6951571 2005-10-04 Srivastava

EFS Web 2.1.17

Edwards Lifesciences Corporation, et al. Exhibit 1003, p. 170 of 2218




Application Number 14253650

Filing Date 2014-04-15
INFORMATION DISCLOSURE First Named Inventor | David PANIAGUA
STATEMENT BY APPLICANT At Uni
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( Not for submission under 37 CFR 1.99)
Examiner Name | Not assigned yet

Attorney Docket Number ‘ 109978.10104

229 6961123 2005-11-01 Wang et al.
230 6977231 2005-12-20 Matsuda

231 6986735 2006-01-17 Abraham et al.
232 7004925 2006-02-28 Navia et al.
233 7008763 2006-03-07 Cheung

234 7011688 2006-03-14 Gryska et al.
235 7018404 2006-03-28 Holmberg et al.
236 7018406 2006-03-28 Seguin et al.
237 7022348 2006-04-04 Ketharananthan
238 7025780 2006-04-11 Gabbay

239 7037333 2006-05-02 Myers et al.
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( Not for submission under 37 CFR 1.99)
Examiner Name | Not assigned yet

Attorney Docket Number ‘ 109978.10104
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Description
FIELD OF THE INVENTION

[0001] The presentinvention relates to implantable de-
vices. More particularly, it relates to a valve prosthesis
for cardiac implantation or for implantation in other body
ducts.

BACKGROUND OF THE INVENTION

[0002] There are several known prosthetic valves that
have been previcusly described. U.S. Patent No.
5,411,552 {Andersen et al.), entitled VALVE PROSTHE-
SIS FOR IMPLANTATION IN THE BODY AND CATHE-
TER FOR IMPLANTING SUCH VALVE PROSTHESIS,
discloses a valve prosthesis comprising a stent made
from an expandable cylinder-shaped thread structure
comprising several spaced apices. The elastically col-
lapsible valve is mounted on the stent with the commis-
sural points of the valve secured to the projecting apices,
which prevents the valve from turning inside out. Deploy-
ment of the valve can be achieved by using an inflatable
baltoon which in its deflated state is used to carry about
it the valve structure to its position and, when inflated,
deploys the stent in position to its final size. See, also,
U.S. Patent No. 6,168,614 {Andersen et al.) entitled
VALVE PROSTHESIS FOR IMPLANTATION IN THE
BODY and U.S. Patent No. 5,840,081 {éAndersen et al.),
entitted SYSTEM AND METHOD FOR IMPLANTING
CARDIAC VALVES.

[0003] InPCT/EPY97/07337 (Letac, Cribier et al.}, pub-
lished as WO 98/29057, entitted VALVE PROSTHESIS
FOR IMPLANTATION IN BODY CHANNELS, there is
disclosed a valve prosthesis comprising a collapsible
valve structure and an expandable frame on which the
valve structure is mounted. The valve structure is com-
posed of a valvular tissue compatible with the human
body and blood, the valvular tissue being sufficiently sup-
ple and resistant to allow the valve structure to be de-
formed from a closed state to an opened state. The val-
vular tissue forms a continuous surface and is provided
with guiding means formed or incorporated within, the
guiding means creating stiffened zones which induce the
valve structure to follow a patterned movement in its ex-
pansion to its opened state and in its turning back fo its
closed state. The valve structure can be extended to an
internal cover which is fastenad to the lower part of the
valve structure to prevent regurgitation.

[0004] Further, the French patent application FR 2 788
217 A discloses a prosthetic valve implantable by cath-
eter insertion or surgically. The prosthetic valve compris-
es the features of the preamble of claim 1. It comprises,
in particular, a rigid expansible structure and a valvular
structure integral with the expansibie structure and ca-
pable of being deformed to pass alternately from an open
statetoa closed state. The valvular structure isintegrated
at one end of the expansible structure, and extends ex-
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temalty thereto.

[0005] There are several known methods currently
used for replacing aortic valves and several types of ar-
tificial prosthetic devices. Mechanical valves are com-
monly used in several different designs (single and dou-
ble flap) manufactured by well-known companies such
as St. Jude, Medtronic, Sulzer, and others. Some of the
main disadvantages of these devices are: a need for per-
manent treatment of anticoagulants, noisy operation, and
a need for a large-scale operation to implant.

[0006] There is a wide range of biologically based
valves made of natural valves or composed of biological
matenals such as pericardial tissue. These too are made
and marketed by well-known companies such as Ed-
wards Lifesciences, Medtronic, Sulzer, Sorin, and others.
[0007] Polymer valves are new and are not yet in use,
but several companies are in the process of developing
such products. A new type of prosthesis is being consid-
ered, based on artificial polymer materials such as poly-
urethane..

[0008] The presentinvention introduces several novel
structural designs for implantable valves. An aspect of
the presentinvention deals with the possibility ofimplant-
ing the valve percutaneously, i.e., inserting the valve as-
sembly on a delivery device similar to a catheter, then
implanting the valve at the desired location via a large
blood vessel such as the femoral artery, in a precedure
similar to other known interventional cardiovascular pro-
cedures. The percutaneous deployment procedure and
device has an impact on the product design in several
parameters, scme of which are explained hereinafter.
[0009] The percutanecus implantation of medical de-
vices and particularly prosthetic valves is a preferred sur-
gical procedure for it involves making a very small per-
foration in the patient’s skin (usually in the groin or armpit
area) under local anesthetic and sedation, as opposed
to a large chest surgery incision, which reguires general
anesthesia, opening a large portion of the chest, and car-
diopulmonary bypass. This percutaneous procedure is
therefore considered safer.

[0010] The presentinvention provides a series of new
concepts in the field of aortic valves and other human
valves.

SUMMARY OF THE INVENTION

[0011] A valve prosthesis device which is not part of
the present invention suitable for implantation in body
ducts comprises:

a support stent, comprised of a deployable construc-
tion adapted to be initially crimped in a narrow con-
figuration suitable for catheterization through the
body duct to a target location and adapted to be de-
ployed by exerting substantiaily radial forces from
within by means of a deployment device to a de-
ployed state in the target location, the support stent
provided with a piurality of longitudinally ngid support
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beams of fixed length; and

a valve assembly comprising a flexible conduit hav-
ing aninlet end and an outlet, made of pliant matenal
attached to the support beams providing collapsible
slack portions of the conduit at the outlet,

whereby when flow is allowed to pass through the
valve prosthesis device from the inlet to the outlet
the valve assembly is kept in an open position,
whereas a reverse flow is prevented as the collaps-
ible slack portions of the valve assembly collapse
inwardly providing blockage to the reverse flow.

[0012] Furthermore, the support stent may comprise
an annuiar frame.

[0013] Furthermore, said valve assembly may have a
tricuspid configuration.

[0014] Furthermore, said valve assembly may be
made from biocompatible material.

[0015] Furthermore, the valve assembly maybe made
from pencardial tissue, or other biological tissue.
[0016] Furthermore, said valve assembly may be
made from biocompatible polymers.

[0017] Furthermore, the valve assembly may be made
from materials selected fromthe group consisting of poly-
urethane and polyethylene terephthatate (FET).

[0018] Furthermore, said valve assembly may com-
prise a main body made from PET (polyethylene tereph-
thalate} and ieaflets made from polyurethane.

[0019] Furthemore, said support stent may be made
from nickel titanium.

[0020] Furthermore, the support beams may be sub-
stantially equidistant and substantially parallel so as to
provide anchorage for the valve assembly.

[0021] Furthermore, the support beams may be pro-
vided with bores so as to allow stitching or tying of the
valve assembly to the beams.

[0022] Furthermore, the support beams maybe chem-
ically adhered to the support stent.

[0023] Furthermore, said valve assembly may be nv-
eted to the support beams.

[0024] Furthermore, said valve assembly may be
stitched to the support beams.

[0025] Furthermore, said beams may be manufac-
tured by injection using a mold, or by machining.
[0026] Furthermore, said valve assembly may be
rolled over the support stent at the inlet.

[0027] Furthermore, said valve device may be manu-
factured using forging or dipping techniques.

[0028] Furthermore, said valve assembly leaflets may
be longer than needed to exactly close the outlet, thus
when they are in the collapsed state substantial portions
of the leaflets fall on each other creating better sealing.
[0029] Furthermore, said valve assembly may be
made from coils of a polymer, coated by a coating layer
of same polymer.

[0030] Furthermore, said polymer may be poly-
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urethane.

[0031] Furthermore, the support stent may be provided
with heavy metal markers so as to enable tracking and
determining the valve device position and orientation.
[0032] Furthermore, the heavy metal markers may be
selected from gold, platinum, indium, or tantalum.
[0033] Furthermore, the valve assembly leaflets may
be provided with radio-opaque material at the the valve
assembly ieaflets may be provided with radio-opaque
material at the outlet, so as to help tracking the valve
device operation in viva.

[0034] Furthermore, said radio-opaque material may
comprise gold thread.

[0035] Furthermore,the diameter of said support stent,
when fully deployed may be in the range of from about
19 to about 25 mm.

[0036] Furthermore, the diameter of said support stent
may be expanded from about 4 to about 25 mm.

[0037] Furthermore, the support beams may be pro-
vided with bores and wherein the valve assembly may
be attached to the support beams by means of U-shaped
rigid members that are fastened to the valve assembly
and that are provided with extruding portions that fit into
matching bores on the support beams.

[0038] Furthemore, the support beams may comprise
rigid support beams in the form of frame construction,
and the valve assembly pliant material may be inserted
through a gap in the frame and a fastening rod may be
inserted through a pocket formed between the pliant ma-
tenal and the frame and holds the valve in position.
[0039] Furthermore,the mainbody ofthe valve assem-
bly may be made from coiled wire coated with coating
material.

[0040] Furthermore, the coiled wire and the coating
material may be made from polyurethane.

[0041] Furthermore, a strengthening wire may be in-
terlaced in the valve assembly at the outlet of the conduit
so as to define a fauit line about which the coilapsible
slack portion of the valve assembly may flap.

[0042] Furthermore, the strengthening wire may be
made from nickel titanium alloy.

[0043] Furthemore, there is provided a valve prosthe-
sis device which is not part of the present invention, suit-
able forimplantation in body ducts, the device comprising
a main conduit body having an inlet and an outlet and
pliant leaflets attached at the outlet so that when a flow
passes through the conduit from the inlet to the outlet the
leaflets are in an open position allowing the flow to exit
the outlet, and when the flow is reversed the leaflets col-
lapse so as to block the outlet, wherein the main body is
made from PET and collapsible leaflets are made form
polyurethane.

[0044] Furthermore, support beams made from poly-
urethane may be provided on the main body and wherein
the leaflets may be attached to the main body at the sup-
port beams.

[0045] Furthermore, said support beams may be
chemically adhered to the main body.
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[0046] Furthermore, there is provided a valve prosthe-
sis device, which is not part of the present invention suit-
able for implantation in body ducts, the device compris-
ing:

a support stent, comprised of a deployable construc-
tion adapted to be initially crimped in a narrow con-
figuration suitable for catheterization through the
body duct to a target location and adapted to be de-
ployed by exerting substantially radial forces from
within by means of a deployment device to a de-
ployed state in the target location, the support stent
provided with a plurality of longitudinally rigid support
beams of fixed length;

a valve assembly compnising a flexible conduit hav-
ing aninlet end and an outiet, made of pliant matenal
attached to the support beams providing collapsible
slack portions of the conduit at the cutlet; and

substantiaily equidistant ngid support beams inter-
laced or attached to the slack portion of the valve
assembly material, aranged longitudinally.

[0047] Furthermore, there may be provided a crimping
device for cimping the valve device described above,
the crimping device comprising a plurality of adjustable
plates that resemble a typical SLR {Single Lens Reflex}
camera vanable restrictor, each provided with a blade,
that are equally dispersed in a radial symmetry but each
plate moves along a line passing off an opening in the
center, all plates equidistant from that center opening.
[0048] Furthermore, the multiple plates may be adapt-
ed to move simuitaneously by means of alever and trans-
mission.

[00489] Furthermore, thereis provided a method for de-
ploying an implantable prosthetic valve device from the
retrograde approach (approaching the aortic valve from
the descending aorta) or from the antegrade approach
(approaching the aortic valve from the left ventricle after
performing a trans-septal puncture) at the natural aortic
valve position at the entrance to the left ventricle of a
myocardium of a patient, which is not part of the present
invention, the method compnising the steps of:

(a) providing a balloon catheter having a proximal
end and a distal end, having a first and second in-
dependently inflatable portions, the first inflatable
portion located at the distal end of the catheter and
the second inflatable portion adjacently behind the
first inflatable portion;

(b} providing a guiding tod for guiding the balloon
catheter in the vasculature of the patient;

(c) providing a deployable implantable valve pros-
thesis device adapted to be mounted on the second
inflatable portion of the balloon catheter;
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(d) for the retrograde approach, guiding the balioon
catheter through the patient’'s aorta using the guiding
tool, the valve device mounted over the second in-
flatable portion of the balloon catheter until the first
inflatable portion of the balloon catheter is inserted
into the left ventricle, whereas the second inflatable
portion of the balloon catheter is positioned at the
natural aortic valve position;

(e) for the antegrade approach, guiding the balloon
catheterthrough the patient’s greater veins, ightatri-
um, left atrium, and left ventncle using the guiding
tool, the valve device mounted over the second in-
flatable portion of the balloon catheter until the first
inflatable portion of the balloon catheter is inserted
into the left ventricle, whereas the second inflatable
portion of the balloon catheter is positioned at the
natural aortic valve position;

(f) inflating the first inflatable portion of the balioon
catheter so as to substantially block blood flow
through the naturai aortic vaive and anchor the distat
end of the balloon catheter in position;

(g) inflating the second inflatable portion of the bal-
loon catheter so as to deploy the implantable pros-
thetic valve device in position at the natural aortic
valve position;

(h) deflating the first and second inflatable portions
of the balloon catheter: and

(i) retracting the balloon catheter and removing it
from the patient's body.

[0050] Furthermore, the guiding tool may comprise a
guide wire.
[0051] Furthermore, there is provided a method for de-

ploying an implantable prosthetic valve device at the nat-
ural aortic valve position at the entrance to the left ven-
tricle of a myocardium of a patient, which is not part of
the present invention, the method compnsing the steps
of:

(a) providing a balloon catheter having a proximal
end and a distal end, having a first and second in-
dependentily inflatable portions, the first inflatabie
portion located at the distal end of the catheter and
the second inflatable portion adjacently behind the
first inflatable portion;

(b) providing a guiding tool for guiding the balloon
catheter in the vasculature of the patient;

(c) providing a deployable implantable valve pros-
thesis device adapted to be mounted on the first in-
flatable portion of the balloon catheter, and a deploy-
able annular stent device adapted to be mounted
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over the second inflatable portion of the balloon cath-
eter, the deployable implantable valve prosthesis de-
vice and the deployable annular stent kept at a pre-
determined distant apart;

{d) guiding the balloon catheter through the patient’'s
aorta using the guiding tool, the valve device mount-
ed over the firstinflatable portion of the balloon cath-
eter and the deployable annuiar stent mounted over
the second inflatable portion of the balloon catheter,
until the first inflatable portion of the balloon catheter
is positioned at the natural aortic valve position;

{e) inflating the second inflatable portion of the bal-
loon catheter so that the deployable stent device is
deployed within the aorta thus anchoring the deploy-
able annular stent and the coupled valve device in
position;

(f} inflating the first inflatable portion of the balioon
catheter so as to deploy the implantable prosthetic
valve device in position at the natural aortic valve
position;

{g) deflating the first and second inflatable portions
of the balloon catheter; and

{h} retracting the balloon catheter and removing it
from the patient’s body.

[0052] The presentinvention is a valve prosthesis de-
vice as defined in claim 1.

[0053] Furthermore, the support beams may have a
U-shaped cross section, which is not part of the present
invention.

[0054] Furthermore, a helder may be used to secure
the plaint material to the support beams, which is not part
of the present invention.

[0055] Furthermore, the support frame may comprise
three segments that form a circular assembly when as-
sembled, which is not part of the present invention.
[0056] Furthermore, the support beams may point in-
wardly with respect to a central longitudinal axis of the
device, which is not part of the present invention.
[0057] Furthermore, the device may be further provid-
ed with a restricting tapered housing, for housing itin a
crimped state, which is not part of the present invention.
[0058] Furthermore, hooks may be provided to secure
the device in position after i is deployed, which is not
part of the present invention.

[0059] Furthermore, the support beams may comprise
lengitudinal bars having a narrow slit used as the com-
missural attachment so that extensions the pliant mate-
rial are tightly inserted through it, which is not part of the
present invention.

[0060] Furthermore, the extensions of the pliant mate-
rial may be wrapped about rigid bars serving as anchor-
age means, which is not part of the present invention.
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[0061] Furthermore, extensions of the pliant material
may be sutured to each other at the ngid bars, which is
not part of the present invention.

[0062] Furthermore, in accordance with another pre-
ferred embodiment of the present invention, a bottom
portion of the pliant material is attached to the inlet
[0063] Furthermore, the support beams may be each
provided with a rounded pole, forming a loop through
which the pliant material is inserted, which is not part of
the present invention.

[0064] Furthemore, the pliant material may be provid-
ed with longitudinal bars attached to the pliant material
at positions assigned for attachment tothe support frame,
in order to prevent localized stress from forming. which
is not part of the present invention.

[0065] Furthermore, the device may be further provid-
ed with longitudinal bars having protrusions that are in-
serted in bores in the pliant material, a sheet of PET and
through bores provided on the support beams, which is
not part of the present invention.

[0066] Furthermore, in accordance with another pre-
ferred embodiment of the present invention, pliant mate-
rial is sutured leaving the slack portions free of sutures.
[0067] Furthermore, a connecting member with a split
portion may be used to connect leaflets of the pliant ma-
terial to the support beams, the split connecting member
compressing the pliant matenal in position, which is not
part of the present invention.

[0068] Furthermore, a portion of the connecting mem-
ber could be perpendicular to the split portion, which is
not part of the present invention.

[0069] Furthermore, the support frame may be provid-
ed with metallic members coupled to the stent and ngid
members may be positioned on two opposite sides of the
metallicmemberand held against each other holding por-
tion of the pliant material between them, sutured, the me-
tallic members wrapped with PET, which is not part of
the present invention.

[0070] Furthermore, the device may be further provid-
ed with spring in order to reduce wear of the pliant ma-
tenal, which is not part of the present invention.

[0071] Furthermore, the spring may be provided with
a spiral, which is not part of the present invention.
[0072] Furthermore, the spring may be made from
stainless steel, which is not part of the present invention.
[0073] Furthermore, the spring may be attached to
slots provided on the support frames, which is not part
of the present invention.

[0074] Furthermore, the pliant material may be sutured
to the support frame forming pockets, which is not part
of the present invention.

[0075] Furthermore, attachmentbars may be provided
on the stent support at a portion of the stent close to the
outlet, onto which the pliant material is coupled, and
wherein the pliant matenal is attached circumferentially
to the inlet, leaving slack pliant material, which is not part
of the present invention.

[0076] Furthermore, in accordance with another pre-
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ferred embodiment of the present invention, the outietis
tapered with respect to the inlet.

[0077] Furthermore, in accordance with another pre-
ferred embodiment of the present invention, the support
frame at the outlet is wider in diameter than the pliant
material forming the outlet.

[0078] Furthermore, in accordance with another pre-
ferred embodiment of the present invention, the pliant
material is reinforced using PET.

[0079] Furthermore, the support frame may be a tube
having an inner wall, having sinusoidalfold lines, wherein
the pliant material is sutured to the inner wali of the tube
along suture lines, which is not part of the present inven-
tion.

[0080] Furthermore, additional piece of PET may be
added below the suture lines, which is not part of the
present invention.

[0081] Furthermore, in accordance with another pre-
ferred embodiment of the present invention, the device
is incorporated with an angioplasty balloon.

[0082]1 Finally, in accordance with another preferred
embodiment of the presentinvention, balloon has a cen-
tral longitudinal axis that runs along a flow path through
the device, and a perimeter, the balloon comprising four
inflatable portions, one portion located along a central
axis and the other three located on the perimeter, the
pliant material in the form of leaflets is distributed about
the perimeter.

BRIEF DESCRIPTION OF THE FIGURES

[0083] To better understand the present invention and
appreciate its practical applications, the following Figures
are provided and referenced hereafter. it shouid be noted
that the Figures are given as examples only and in no
way limit the scope of the invention as defined in the
appended claims.

Figure 1 ilustrates an implantable prosthetic tricus-
pid valve suitable for percutaneocus deployment us-
ing a stent or similar deploying means, in its de-
ployed-inflated position;

Figure 2 depicts an implantable valve mounted over
a deploying stent with an inflatable balloon;

Figure 3 illustrates an implantable valve mounted
over a stent with an inflatable balloon, in a crimped
position;

Figure 4 depicts implantable valve deploymentin a
natural aortic valve position;

Figure 5 demonstrates manufacturing a poly-
urethane implantable valve using a dipping tech-

nique;

Figures 6a to 6e illustrate manufacturing of an im-
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plantable valve by forging;

Figures 7a and 7b demonstrate composite valve,
which has polyurethane {PU} leaflets and PET tubu-
far-crown shaped construction;

Figures 8a and 8b depict a manufacture process of
a composite valve made of flexible PU leafilets, ngid
PU construction for mounting and a PET tubuiarend;

Figures 9 to 9i demonstrate different methcds of at-
tachment between the valve and stent:

Figure 10 illustrates a dipping mandre! with an extra
portion, which improves the sealing ability of the
vaive;

Figures 11a to 11c illustrate a valve mounted on a
stent with an extra support, which improves the force
distribution on the valve material and facilitates pro-
fonged durability of the valve;

Figures 12a to 12¢ depict a valve withrigid supports
located substantially in the center of its leaflets. This
design allows the valve leaflets to perform without
outer support;

Figures 13a to 13c illustrate the manufacturing of a
reinforced PU tube composed of strong fiber from
PU, PET or other and a softer PU coating, for serving
as the supporting structure;

Figures 14a to 14c demonstrate incorporation of
heavy metal markers on the stent. These markers
allow cnientation control while positioning the device
at the required location;

Figures 15a to 15¢c demonstrate a valve with radio-
opaque coating which allows imaging of the valve
motion under angiogram;

Figures 16a to 16 illustrate a procedure, which
helps in accurate positioning the valve device with
respect to the longitudinal crientation;

Figures 17a and 17b describe a valve device com-
prising one valve assembly mounted on a stent and
an additional portion with a stent only. This allows
placing the device in a way that coronaries are not
blocked, longitudinal positioning thus becomes less
sensitive and the extra stent decreases the risk of
device migration within the vasculature;

Figures 18a and 18b demonstrate a crimping device
which can crimp a vaive device inthe operating theat-

er as part of the implantation procedure;

Figures 19a to 19c¢ depict a cnmping machine similar
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to the one descnbed in figure 18 with a different me-
chanical method;

Figures 20a and 20b demonstrate a valve made of
a tube mounted on a stent. During systole the tube
is fully open and during diastole the tube collapses
according to the mounting geometry providing tight
sealing;

Figure 21 depicts a stent structure with built-in
mounting portions of constant length, which allow
valve mounting;

Figure 22 depicts a valve assembly having dilated
supports;

Figures 23a to 23e depict stages in a method of man-
ufacturing an implantable prosthetic valve.

Figures 24a to 24c illustrate a support frame of an
implantable prosthetic valve having means for
mounting valve leaflets that can form a tricuspid
valve. Figure 24a depicts an isometric view of the
frame, and Figure 24b depicts a cross-sectional view
of the means for mounting a valve leaflet in details,
provided with a valve leaflet Figure 24c depicts fur-
ther details of attachment means for the attachment
method;

Figures 25a to 25d illustrate an implantable prosthet-
ic valve Figures 25a and 25b depict an isometric view
and an upper view of the valve assembly, respec-
tively, and Figures 25c and 25d iHlustrate upper views
of two optional constructions for the means for
mounting leaflets;

Figures 26a to 26¢ illustrate a fricuspid valve provid-
ed with a self-expandable frame. Figure 28a is the
valve in its fully expanded diameter, Figure 26b is a
tapered tool which assists in inserting the valve into
anintroducing tube, and Figure 26¢ shows the valve
assembly inside a restnction tube, ready to be in-
serted into a introducing sheath;

Figure 27 illustrates an isometric view of an implant-
able prosthetic vaive having hooks designated toan-
chor the valve assembly to body ducts;

Figure 28 illustrates a partial view of an implantabile
prosthetic valve. The commissural attachment is
showed in details;

Figures 29a and 29b illustrate an isomedtric view and
an upper cross-sectional view, respectively, of an
attachment assembly of a valve's frame to leaflets.

Figures 30a to 30c illustrate an isometric view, a
cross-sectional view and a flattened view, respec-
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tively, of an attachment assembly of a valves frame
to leaflets. Figure 30c is a side view showing two
pieces of pericardium before the attachment to the
frame;

Figures 31a and 31billustrate an exploded view and
anisometric view, respectively, of a commissural at-
tachment depicting the attachment technique;

Figures 32a and 32b illustrate an isometric view of
an attachment between leaflets and the frame.

Figures 33a to 33d illustrate different views and por-
tions of an attachment between a pericardium and
a frame demonstrating another method of attach-
ment;

Figures 34a to 34c illustrate an isometric view of an
attachment between a pericardium and a valve dem-
onstrating another method of attachment In Figures
34b and 34¢, a deployed portion and the folded por-
tion, respectively, are shown;

Figures 35ato 35cillustrate isometric and cross-sec-
tional upper views, respectively, of attachment tech-
niques between a pericardium leaflet and a valve’s
frame;

Figures 36a and 36b illustrate an isometric view of
a commissural assembly demonstrating a method
of forming one;

Figures 37a to 37 cillustrates a commissurat assem-
bly, where the connecting bar functions as a flexible
support and has integral attachment means to the
frame. Figure 37b is an isometric view of the con-
necting bar;

Figures 38a to 38g iflustrate isometric views of flex-
ible commissural supports and the method of attach-
ing them to a pericardium and a frame and valve;

Figures 3%a to 39b illustrate an isometric view of a
commissural attachment demonstrating the attach-
ment of the pericardium to the support by means of
a shaped compressing member;

Figures 40a to 40¢ illustrate an isometric view of a
bicuspid valve mounted on a frame. Figures 40b and
40c depicts a cross-sectional side view and an iso-
metric view, respectively, of the pericardium that is
sutured to a PET tube in the form of pockets;

Figures 41a to 41d illustrate isometric views of an
implantable prosthesis tricuspid vaive;

Figures 42a and 42b illustrate an isometric view of
an implantable prosthetic valve having a different
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commissural attachment. Figure 42b depicts the at-
tachment in details;

Figures 43a and 43b illustrate an isometric view of
an implantable prosthetic valve. Figure 43a depicts
the commissure that are pre-sutured in a tapered
shape;

Figures 44a to 44c illustrate an isometnc view of an
implantable prosthetic valve with additional pieces
of PET used for sealing and protecting the pericar-
dium;

Figures 45a to 45d illustrate an isometric view of an
implantable prosthetic valve having leaflets sutured
to a pre-shaped PET tube and optional leafiet-tube
attachments in details;

Figures 46a and 46b illustrate an exploded view and
an upper cross-sectional view of an implantable
prosthetic valve assembly;

Figures 47a to 47¢ illustrate a partial cross-sectional
side view of an inflating balloon. The balloonis a part
of an implantable prosthetic valve delivery system.
Figures 47b and 47c are cross sectional upper views
in the inflated and deflated positions, respectively;
and

Figures 48a and 48b illustrate a partial cross-sec-
tional side view and an upper cross-sectional view
of an inflating balloon.

DETAILED DESCRIPTION OF THE INVENTION

[0084] An aspect of the present invention is the intro-
duction of several novel designs for an implantable pros-
thetic valve.

[0085] Basically theimplantable prosthetic valve ofthe
present invention comprises a leafed-valve assembly,
preferably tricuspid but not Emited to tricuspid valves on-
ly, consisting of a conduit having an iniet end and an
outlet, made of pliant material arranged so as to present
collapsible walls at the outiet. The valve assembly is
mounted on a support structure such as a stent adapted
to be positioned at a target location within the body duct
and deploy the valve assembly by the use of deploying
means, such as a balloon catheter or similar devices. In
embodiments suitable for safe and convenient percuta-
neous positioning and deployment the annular frame is
able to be posed in two positions, a cimped position
where the conduit passage cross-section presented is
small so as to permit advancing the device towards its
target location, and a deployed position where the frame
is radial extended by forces exerted from within (by de-
ploying means} so as to provide support against the body
duct wall, secure the valve in position and open itself so
as to allow flow through the conduit.
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[0086] The valve assembly can be made from biolog-
ical matter, such as a natural tissue, pericardial tissue or
other biological tissue. Altematively, the valve assembly
may be made form biocompatible polymers or similar ma-
tenals. Homograph biological valves need occasional re-
placement {usually within 5 to 14 years}, and this is a
consideration the surgeon must take into account when
selecting the proper valve implant according to the pa-
tient type. Mechanical valves, which have better durabii-
ity qualities, carry the associated risk of long-term anti-
coaguiation treatment.

[0087] The frame can be made from shape memory
alloys such as nickel titanium {(nickel titanium shape
memory alloys, or NiTi, as marketed, for example, under
the brand name Nitinot), or other biocompatible metals.
The percutaneously implantable embodiment of the im-
plantable valve of the presentinvention has to be suitable
for crimping into a narrow configuration for positioning
and expandable to a wider, deployed configuration so as
to anchor in position in the desired target location.
[0088] The supportstentis preferably annuiar, butmay
be provided in other shapes too, depending onthe cross-
section shape of the desired target location passage.
[0089] Manufacturing of the implantable prosthetic
valve of the present invention can be done in various
metheds, by using penicardium or, for example, by using
artificial materials made by dipping, injection, electros-
pinning, rotation, ironing, or pressing.

[0090] The attachment of the valve assembly to the
support stent can be accomplished in several ways, such
as by sewing it to several anchoring points on the support
frame or stent, or riveting it, pinning it, adherning it, or
welding it, to provide a valve assembly that is cast or
molded over the support frame or stent, or use any other
suitable way of attachment.

[0081] To preventieakage from the inlet it is optionally
possible to roll up some slack wall of the inlet over the
edge of the frame so as to present rolled-up sleeve-iike
portion at the inlet.

[0092] Furthermore, floating supports may be added
to enhance the stability of the device and prevent it from
tuming inside out

[0083] Animportant aspect of certain embodiments of
the present invention is the provision of rigid support
beams incorporated with the support stent that retains
its longitudinal dimension while the entire support stent
may be longitudinally or laterally extended.

[0084] The aforementioned embodiments as well as
other embediments, manufacturing methods, different
designs and different types of devices are discussed and
explained below with reference to the accompanying
drawings. Note that the drawings are only given for the
purpose of understanding the present invention and pre-
senting some preferred embodiments of the present in-
vention, but this does in no way limit the scope of the
present invention as defined in the appended claims.
[0085] Referenceis now made to Figure 1, whichillus-
trates a general tncuspid implantable prosthetic valve 20
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in accordance with a preferred embodiment of the
present invention, suitable for percutaneous deployment
using an expandable stent or similar deploying means,
showninits depioyed position. Avalve assembly 28 com-
prises a conduit having an inlet 24 and an outlet 26, the
outlet walls consisting of collapsible pliant material 22
that is arranged to collapse in a tricuspid arrangement.
The valve assembly 28 is attached to an annular support
stent 22, the one in this figure being a net-fike frame de-
signed to be adapted to crimp evenly so as to present a
narrow configuration and be radially deployable so as to
extend to ocoupy the passage at the target location for
implantation in a body duct. Support beams 23 are pro-
vided on annular support stent 22 to provide anchorage
to valve assembly 28. Further support beams 23 are pro-
vided with bores 25 through which valve assembly 28 is
stitched to support beams 23 by thread.

[0096] In the embodiment shown in Figure 1, a cuff
portion 21 of the valve assembly 28 is wrapped around
support stent 22 atiniet 24 to enhance the stability. Pref-
erably cuff portion 21 of valve matenal 28 is attached tc
support beams 23.

[0097] Note that the entire valve structure is adapted
to be radially crimped and radially expanded, and this
lends to provide ease of navigation through narrow pas-
sages in the vasculature during positioning of the device
and adequate deployment on the final location. This is
made possible by the provision of a collapsible support
stent structure. However, the support beams remain at
all times constant at their length and thus are suitable for
serving as the pliable valve assembly’s ancherage. The
valve assembly is attached to the support stent at the
suppoert beams, and due to their constant length there is
no need for siack material as the attachment points (25)
remain at constant distances regardless of the positicn
of the valve device {crimped or deployed). This is an im-
portant feature for this means that the manufacturer of
the vaive device can make sure the valve assembly is
secured and fastened to the support stent at all times. in
prior art implantable valve devices the entire support
structure changes its dimensions from its initial first
crimped position and final deployed position, and this
means that in the attachment of the valve assembly to
the support structure one must take into consideration
these dimensiocn changes and leave slack material so
that upon deployment of the device the valve assembly
does nottear or deform. in the valve device of the present
invention there is no relative movement between the
valve assembly and the support beams (along the longi-
tudinal central axis of the device). As a result, the valve
device ofthe present invention acquires greater durability
and is capable of withstanding the harsh conditions pre-
vailing within the vasculature and especially the millions
of cycles of stress applied by the blood pressure.
[0098] The fixed attachment of the valve assembly to
the support stent in the valve device of the present in-
vention results in greater stability, enhanced safety, bet-
ter sealing and consequently longer lifespan. The novel
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design of the vaive device of the present invention ieads
to longitudinal strength and rigidity whereas its collapsi-
ble support structure results in radial flexibility.

[0099] Figure 2 depicts animplantable valve 30 mount-
ed on a deployable stent 32. The valve assembly 34 is
attached to the deployable support stent 32 (dotted lines)
along three substantially equidistant and substantially
parallel support beams 40 of constant length, which are
part of stent 32. The attachment of valve assembly 34 to
stent 32 is facilitated by the support beams 40 tc which
valve assembly 34 is stitched with thread cor fiber 46
{through bores 42 of support beams 40). Qutlet leafs 38,
which are a siack portion of the valve assembly, dangie
inwardly, and the whole device is carried by aninflatable
balloon 48, which serves as the deploying device. A por-
tion of the valve assembly 34 at an inlet zone 45 is op-
tionally rolled over support stent 32 at the inlet, making
up a rolled sleeve, which enhances the sealing of the
device at the valve inlet.

[0100] Figure 3 demonstrates an implantable valve
mounted to a stent 50 with an inflatable balloon 52, in a
crimped position. The support stent 50 is initially crimped
about the balloon 52 so that is presents a narrow cross-
section and is thus suitable for percutanecus catheteri-
zation and deployment.

[0101] Figure 4 depicts an implantable valve deploy-
ment in a natural acrtic valve position. The implantable
valve is advanced while mounted over the balloon 52
until it reaches the desired target location 54 in a body
duct, for example, aorta 56. The balloon is inflated and
the support stent 50 expands radially to take up its posi-
tion.

[0102] Figure 5 demonstrates the manufacture of a
polyurethane valve in a dipping technique. A dipping
mandrel 60 is provided with a tubular portion 62 with sur-
faces 64 that correspond te the collapsible valve leaflets
to be manufactured. Mandrel60 is dipped into a dissclved
polyurethane bath 66 and is coated with a polyurethane
coating in the desired form of the valve. Then, after the
polyurethane coating has hardened sufficiently, the com-
pleted valve is removed from mandrel 60.

[0103] Figures 6a to 6e illustrate manufacturing an im-
plantable vaive by forging. A suitable tubularly shaped
matenal 74 is placed tightly on a tubular portion 68 of
mandrel 67, covering the cusp portion 69. Flexible inserts
76 are pressed to mandrel 67, forging the tubular material
to mandrel shape 8G. A tapered ring 70 holds the flexibie
inserts in place as the whole mold is placed ina hot oven
regulated to a desired temperature, which is lower than
the matenal’s melting point. Figure &e illustrates a sec-
tional side view of the mandrel and a cross cut portion of
the mold. The mold is made to press inwardly on the
mandrel, which is covered with the vaive matenal. As a
result the material takes up the desired shape. The ma-
tenals used can vary, for example, polyurethane {PU},
polyethylene terphthalate (PET), or any cther suitable
material, which may be formed by heating.

[0104] Figures 7a and 7b demonstrate a method of
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manufacturing a composite vaive, which has PU leaflets
and PET tubutar construction with a crown shape. PU is
an excellent fatigue resistant materiat but is sensitive to
tear. The PU isreinforced by the PET crown to allow safe
attachment to a stent by means of stitching, riveting, or
any other suitable attachment method. APET crown 86
is placed on a mandrel 87, which is then (turned and}
dipped in a container of dissolved PU. The manufactured
device is a valve assembly having ieaflets 88 composed
of pure PU, and thus fatigue resistant, and a main body
made of PET with protruding attachment portions 90 suit-
able for attachment built in the PU.

[0105] Figures 8a and 8b demonstrate a method of
manufacturing a composite valve, whichisbased onflex-
ible PU 92 for as the main body of the valve, rigid PU
support beams 94 serving for the attachment area, and
PET sleeve 96 portions for the valve inlet. The need for
a ngid portion for attachment (support beams 94) is ex-
plained by the tendency of the flexible, fatigue resistant
material to tear as already explained. The advantage of
the stiff PU support beams is that they are chemically
adhered to the main body, and this improves the overall
durability of the valve due to reduction ofinner forces and
friction in the attachment area specially attachment be-
tween two different materials. The valve is dipped in the
method mentioned with reference to Figure 5. and the
rigid PU support beam 94 is created by way of mold in-
jection, machining or any other suitable way. The rigid
PU support beam 94 is placed on the valve and then
dipped into the container of dissoived PU. This is done
while the valve is positioned on the mandrel (not shown}.
This method provides the ability to composite several
materials into one body and, by that, gain the advantage
of the various properties of the matenais as they are
needed in different areas of the prosthesis.

[0106] Figures 9 to 8i demonstrate different methods
of attachment between a valve assembly and the support
stents. A valve assembly 99 shown in Fig. 9 is incorpo-
rated into valve 100 shown in Fig. 9a, where a support
stent 102 is attached to valve assembly 99 through sup-
port beam 106. A detail is shown in Fig. 9b, where, in
cross-section, it can be seen thatiayer 108 is an optional
inner support made of stainless steel or rigid polymeric
material, valve assembly 99 comprises a PET layer 105
coated with a PU layer 104, with the outer support beam
1086. Connector 107 is a connecting wire made of a strong
material, such as stainless steel. Figure 9cillustrates an
alternative arrangement for attachment by a rivet 109,
and in Figure 9d the attachment is achieved by a suture
110.

[0107] Figures 9e to 9g show an attachment method
comprising shaped rigid members 116, preferably made
from metal, which tightly hoid the PU valve material 118
by fitting in between a PU U-shaped nest 120 and are
attached to a stent 122 by extruding portions 124 that
are provided on U-shaped rigid member 116, which fit
the bores 126 of the support beam 128 of the stent 122.
Figures Sh and 9i show another attachment method,
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where rigid support beams in the form of frame construc-
tion 132 are provided, and the valve assembly pliant ma-
terial 135 made of a tubular material is inserted through
a gap 137 in the frame. After insertion, a fastening rod
133 is inserted through the pocket formed between the
pliant material and the frame and holds the valve in po-
sition.

[0108] Figure 10illustrates a dipping mandrel 139 with
an extending portion 141, which improves the sealing
ability of the valve. Since the valve is attached to a col-
lapsible stent and is itself coliapsible, it is difficult to de-
termine the exact shape of the valve after crimping and
deploying. It is of major importance that sealing will be
achieved. By adding the extension 141 the leaflets are
made longer than needed to exactly close the outlet, and
therefore when they are in the collapsed state, substan-
tial portions of the leaflets fall on each other creating bet-
ter sealing.

[0109] Figures 11a to 11c illustrate a valve assembly
mounted on a support stent 144 with interlaced strength-
ening wire 146, which improves the force distribution on
the valve material and facilitates prolonged durability of
the valve. The support is in the form of a wire, which has
a crown shape as the shape of the three cusp valve base
148, it also has the ability to be crimped 150 to a small
diameter, together with the stent, valve and balloon, as
shown in Fig. 11b. The forces applied to the valve edge
148 while working, are applied to the attachment points,
by making the attachment kne longer we reduce the force
on each attachment point. In this support method the
valve is attached by suturing 152 the entire line to the
extra supportwire 146. This wire can bemade of stainless
steel, nickel titanium alloy such as nitinol, or polymeric
matenal. The support suture renders the vaive assembly
default fault lines where the valve material more readily
flexes, thus ensuring proper operation of the valve flaps
(leaflets). Optionally the valve assembly shown in Fig-
ures 11a to 11c can be mounted on a support stent such
as the one described herein or simiar supporting struc-
tures. The strengthening wire is interlaced in the valve
assembly at the outlet of the conduit so as to define a
fault line about which the coliapsible slack portion 154 of
the valve assembly may flap.

[0110]) Figures 12a to 12¢ depict a valve device pro-
vided with a stent 159 and substantially equidistant rigid
support beams 160, interlaced or attached to the slack
portion of the valve assembly matenal 161, arranged lon-
gitudinally. This design allows the valve leaflets to per-
form without outer support. The support in standard
valves is by tying the upper edge of the cusp to a ngid
embodiment, so thatit reacts to the load as a suspension
bridge. In this new design the prevention of collapsing is
achieved similar to an Indian tent, i.e., the rigid supports
lean on each other 162 when the valve is closed but do
not interfere in opening 164 when the valve is open.
[6111) Figures 13a to 13c illustrate the manufacturing
of a valve assembly. At first a polyurethane thread line
170 is fed from a PU supply 172, and coiled around a

Edwards Lifesciences Corporation, et al. Exhibit 1003, p. 225 of 2218



19 EP 1 441 672 B1

cylindrical drum 174 to form coil 176. Then, drum 174
with coil 176 is dipped in a PU bath 177, and a second
layer 178 of the PU coats coil 176, making it a stronger
construction capable of withstanding tearing forces both
laterally and in other directions. Incorporafing two differ-
ent types of materials - such as PU and PET - may render
greater durability and endurance to the valve assembly.
This material is an alternative matenal to be used in the
forging method shown in Figure 6.

[0112] Figures 14 to 14c demonstrate the incorpora-
tion of heavy metal markers on the stent, which markers
allow observation and thereby adjustment of orientation
while placing the device in the required location. Heavy
metals are radiopaque, that is, they are conspicuous on
an angioscopicimage, whichis atwo-dimensionalimage.
Since the coronary artery ostia 237 and 238 are located
near the typical valve deployment location and must stay
open, it is extremely important to make sure that the de-
ployed valve assembly is not blocking acoronary ostium.
In some cases the stent is lower than the ostium and in
those cases it will stay open, butin some cases as shown
in these figures it is necessary to make sure that the stent
portion 239 that is connecting the valve supports 235 is
opposite the coronary ostia, and in that way the blood
supply is preserved through the stent struts. Two heavy
metal markers 232 are attached at the outlet side, one
marker 230 at the inlet side. It is possible to adjust the
angiogscopic view to the plane of the left coronary as
shown in Figure 14b and anatomically locate the other
accordingly. If the two upper markers 232 are placed in
the radiographic two dimensional image, one on top of
the other, and the low marker 230 on the opposite side,
we make sure that the coronaries are open to blocd flow
as seenin Figure 14c. Gold, platinum, iridium or tantalum
are all biocompatible materials suitable for the markers
described above.

[0113] Figures 15a to 15¢ illustrate a valve with a por-
tion of radio-opaque material 2687 such as a thread of
gold at the sealing edge. When a valve is implanted, it is
very important to have clear indications of how the valve
is functioning /n vivo; pressure measurements, flow vis-
ualization, and doppler measurements are utilized. it is
also possible to examine the valve by ultrasound meth-
ods, however, observing the opening and clesing of the
valve cusps on a monitor. Fig. 15b is an angiographic
image 268 of the open vaive, while image 169 in Figure
15¢ is the closed position as seen on the angiogram.
[0114] Figures 16ato 16¢illustrate a procedure, which
helps in placing the device in the longitudinal position. It
is very important to place the device in the correct longi-
tudinal position, for if it is too deep in the left ventricle it
may interfere with the mitral valve function by improper
closing or function of the valve. if it is positioned too high
it may migrate, it may leak via the sinus cavities, which
are located around it, and/or it may block the coronaries.
It is a necessary task to position the valve prosthesis in
a narrow target location. In Figure 14 a method of lateral
orientation placement is shown, and Figures 16a to 16¢
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illustrate a longitudinal positioning. The valve device (the
valve assembly and the support stent) is placed on an
inflatable balloon catheter, comprising double independ-
ently inflatable chambers 303, 305, and is inserted into
the left ventricle 302 in the crimped position and guided
over a guiding stylet or guide wire 300. The balloon, which
is larger than the annulus diameter when inflated, is in-
flated in the left ventricle 302, and then the whole device
is pulled slightly backwards. The balloon is supported on
the inner part of the annulus 303, allowing positioning of
the device in the exact desired position. In addition, it
temporarily blocks the blood flow, and that improves the
ability to hold the device in place while inflating it. The
next step is inflating the second balloon 305, which de-
ploys the valve device in the desired location.

[0115] The method for deploying an implantable pros-
thetic valve device at the natural aortic valve position at
the entrance to the left ventricle of a myocardium of a
patient, as depicted in Figures 16a, 16b and 16¢, com-
prises the steps of:

(a) providing a balloon catheter having a proximat
end and a distal end, having a first and second in-
dependently inflatable portions, the first inflatable
portion located at the distal end of the catheter and
the second inflatable portion adjacently behind the
first inflatable portion;

(b) providing a guiding tocl for guiding the balloon
catheter in the vasculature of the patient;

(c) providing a 