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Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):

patentprocurement @perkinscoie.com

PTOL-90A (Rev. 04/07)

Imperative Care v. Inari Medical
U.S. Patent 11,974,910
Imperative Care Ex. 1002




APPLICATION NO. ISSUE DATE PATENT NO.

18/342,553 07-May-2024 11974910

PERKINS COIE LLP - SEA General
PATENT-SEA

P.O. BOX 1247

SEATTLE, WA 98111-1247

EGRANT NOTIFICATION

Your electronic patent grant (eGrant) is now available, which can be accessed via Patent Center at https://
patentcenter.uspto.gov

The electronic patent grant is the official patent grant under 35 U.S.C. 153. For more information, please visit
https://www.uspto.gov/electronicgrants
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWWw.uspto.gov

| APPLICATION NO. ISSUE DATE | PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
18/342,553 05/07/2024 11974910 111552.8018.US11 6799
25096 7590 04/17/2024
PERKINS COIE LLP - SEA General
PATENT-SEA
P.O. BOX 1247

SEATTLE, WA 98111-1247

ISSUE NOTIFICATION

The projected patent number and issue date are specified above. The patent will issue electronically. The
electronically issued patent is the official patent grant pursuant to 35 U.S.C. § 153. The patent may be accessed
on or after the issue date through Patent Center at https://patentcenter.uspto.gov/. The patent will be available in
both the public and the private sides of Patent Center. Further assistance in electronically accessing the patent,
or about Patent Center, is available by calling the Patent Electronic Business Center at 1-888-217-9197.

The USPTO is implementing electronic patent issuance with a transition period, during which period the
USPTO will mail a ceremonial paper copy of the electronic patent grant to the correspondence address of
record. Additional copies of the patent (i.e., certified and presentation copies) may be ordered for a fee from the
USPTO’s Certified Copy Center at https://certifiedcopycenter.uspto.gov/index.html. The Certified Copy Center
may be reached at (800)972-6382.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is 0 day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Center (https://
patentcenter.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should
be directed to the Application Assistance Unit (AAU) of the Office of Patents Stakeholder Experience (OPSE),
Stakeholder Support Division (SSD) at (571)-272-4200.

IR103 (Rev. 10/09)



INVENTORC(S) (Please see PATENT CENTER site https:/patentcenter.uspto.gov for additional inventors):

Ben Merritt, San Clemente, CA;

Jacqueline Macias, Fullerton, CA;

Brian Michael Strauss, San Clemente, CA;
Thomas Tu, Louisville, KY;

John Coleman Thress, Capistrano Beach, CA;

APPLICANT(s) (Please see PATENT CENTER site https://patentcenter.uspto.gov for additional applicants):

Inari Medical, Inc., Irvine, CA;

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 USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

IR103 (Rev. 10/09)



Receipt date: 08/14/2023 18/342,553 - GAU: 3781

Boc code: DS PTO/SBO8a 01-10)
Doc description: information Disclosure Statement (1D8) Filed Approved for use through 07/31/2012. OMB 0651-06631
U.8. Patent and Tradamark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1985, no persons are required {o raspond to a collection of information uniess it contains 3 valid OMB control number.

Application Number 18/342,553- Conf #6799
Filing Date June 27, 2023

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT First Named Inventor Ben Merritt

{Not for submission under 37 CFR 1,99} Art Unit 3781
Examiner Name bl Eric Rassavong

Attorney Docket Number [ 111552.8018.U811

U.S. PATENTS AND PUBLICATIONS

- armi e N . - Anplicant of o Pages, Colummns, Lines, Where
;D_(gm:ner Cite Patent Number issus Date N“inn,e of Patentee or Applicant of cited Relevant Fassages or Relevant
nitial No Document Ei
igures Appear
1. 20230233311 07-27-2023 Merritt et al.
2. 20070233043 10-04-2007 Dayton et al.
Ch ( o 3. 8343187 01,/2013  |[Qd=Rd=@RE Henson
R o et PR PP YYPY 10-28-2013 | Freudenthal et al
to documdFE, 5. |20230241302 08-03-2023  {Merritt et al.
/IS 6. |20230240705 08-03-2023  |Rosentluth et ai.
5/29/2024 7. 202302407086 08-03-2023 Rosenbiuth et al,
3. 15183158 01-22-2019 Nobles et al.
FOREIGN PATENT DOCUMENTS
Pages, Columns, TS
Exariner 1Cite | Forsi X \ e g N Lines, Where
xaminer (Cite {Foreign Document Publication Date Narne of Palentee or Applicant of cited Document Refevant Passages
. A e X
initial Mo jNumber or Relevant Figures
Appear
1. WO2023147353 03-03-2023 inari Meadical, Inc.

NON-PATENT LITERATURE DOCUMENTS
Examiner {Cife {include name of the author (in CAPITAL LETTERS), title of the article {(when appropriate), title of the Htem (book, §T°
initials® No  {rnagazine, jourmnal, serial, symposiurn, catalog, efo), date, page(s), volume-issue number(s), publisher, city and/or country
where published.

EXAMINER SIGNATURE
Examiner Signature /ERIC RASSAVONG/ (10/25/202#)3&@ Considered 10/25/2023

*EXAMINER: Initial if reference considered, whether or not cilation is in conformance with MPEP 609, Draw line
through a citation if not in conformance and not considered. include copy of this form with next communication
{0 applicant.

* See Kind Codes of USPTC Patent Documents at www USPTC.COV or MPEP 501.04. * Enter office that issued the document, by the two-
letter code (WIPO Standard ST.3). ¥ For Japanese patent documents, the indication of the vear of the reign of the Emperor must precede the
serial number of the patent document. * Kind of document by the appropriate symbels as indicates on the document under WIPC Standar
S$7.16 if possible. * Applicant is to place a check mark here if English language transiation is attached.

1633R0412.1
ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /E.R./
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWWw.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO.
18/342,553 06/27/2023 111552.8018.US11 6799
25096 7590 03/28/2024 | EXAMINER
PERKINS COIE LLP - SEA General
PATENT-SEA RASSAVONG, ERIC
P.O. BOX 1247

SEATTLE, WA 98111-1247

| ART UNIT | PAPER NUMBER
3781
| NOTIFICATION DATE | DELIVERY MODE
03/28/2024 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):

patentprocurement @perkinscoie.com

PTOL-90A (Rev. 04/07)



Application No. Applicant(s)
Ne .suPpllrzn;/entalb i 18/342,553 Merritt et al.
olice of Allowability Examiner ArtUnit | AIA (FITF) Status
ERIC RASSAVONG 3781 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included

herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.} This communication is responsive to Printer Rush filed on 03/19/2024.

[3J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2. An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the
restriction requirement and election have been incorporated into this action.

3. The allowed claim(s) is/are 1-17,19 and 21-22 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information
, please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.
4.7 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a) LJAl by (J Some* ¢) [J None of the:
1. [J Certified copies of the priority documents have been received.
2. [J Certified copies of the priority documents have been received in Application No.
3. [J Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5.] CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

(J including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of each
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6._] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1.0 Notice of References Cited (PTO-892) 5. (J Examiner's Amendment/Comment

2. Information Disclosure Statements (PTO/SB/08), 6. (J Examiner's Statement of Reasons for Allowance
Paper No./Mail Date .

3.0J Examiner's Comment Regarding Requirement for Deposit 7. (J Other .

of Biological Material .
4.(] Interview Summary (PTO-413),
Paper No./Mail Date.

/E.R./ /SUSAN S SU/
Examiner, Art Unit 3781 Primary Examiner, Art Unit 3781

U.S. Patent and Trademark Office .
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20240325




Receipt date: 03/12/2024 18/342,55%3 ~ GAU:

Doc code: IDS PTO/SB/08a (01-10)
Doc description: Information Disclosure Statement (IDS) Filed 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.

Application Number 18/342,553- Conf #6799
Filing Date June 27, 2023
INFORMATION DISCLOSURE First Named Inventor Ben Merritt
STATEMENT BY APPLICANT
(Not for submission under 37 CFR 1.99) Art Unit 3781
Examiner Name Eric Rassavong
Attorney Docket Number |111552.8018.US11

U.S. PATENTS AND PUBLICATIONS
Eﬁ;ﬂiner (’\‘,li;e Patent Number Issue Date gzgemzfnliatentee or Applicant of citad ;:?eevzn?g:?sgzj’el_slr;ersl"\’\e/}gve;re\t
Figures Appear

1. 11918244 03-05-2024 Marchand et al.

2. 11918243 03-05-2024 Marchand et al.

3. 6059745 05-09-2000 Gelbfish

4. 20030225379 12-04-2003 Schaffer et al.

5. 20050131387 06-16-2005 Pursley

6. 5951539 09-14-1999 Nita et al.

7. 11213356 01-04-2022 Tanner et al.

8. 7905877 03-15-2011 Jilnenez et al.

9. 20010041881 11-15-2001 SARGE et al.

10. |20110264132 10-27-2011 Strauss et al.

11. 120200054861 02-20-2020 Korkuch et al.

12. |20190223893 07-25-2019 GILVARRY et al.

13. |20190328411 10-31-2019 VALE et al.

14. 120240074771 03-07-2024 Quick et al.

15.

16.

FOREIGN PATENT DOCUMENTS
Pages, Columns, T
:Er:i(;\:?jner (’;‘l,ge Ezr;ié;]:rngocument Publication Date Name of Patentee or Applicant of cited Document Iliiglfa?/'a\:\\ihsges'sages

or Relevant Figures
Appear

1.

2.

3.

4.

5.

6.

165925361.1

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /E.R./

-8-
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Receipt date: 03/12/2024 18/342,5583 - GAU: 3781

Doc code: IDS PTO/SB/08a (01-10)

Doc description: Information Disclosure Statement (IDS) Filed 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.

Application Number 18/342,553- Conf #6799
Filing Date June 27, 2023
INFORMATION DISCLOSURE First Named Inventor Ben Merritt
STATEMENT BY APPLICANT
(Not for submission under 37 CFR 1.99) Art Unit 3781
Examiner Name Eric Rassavong
Attorney Docket Number |111552.8018.US11

NON-PATENT LITERATURE DOCUMENTS

Examiner |Cite |Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, | T°
Initials* No |magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or country
where published.

English translation of Japanese Office Action received for JP Application No. 2022-574456, Applicant: Inari
Medical, Inc, Date of Mailing: January 23, 2024, 12 pages.

Chinese First Office Action received for CN Application No. 201980067623.1, Applicant: Inari Medical, Inc.,
Date of Mailing: January 31, 2024, 10 pages.

International Search Report and Written Opinion for International App. No. PCT/US23/73765; Date of Filing:
September 8, 2023, Applicant: Inari Medical, Inc., Date of Mailing: February 28, 2024, 7 pages.

International Search Report and Written Opinion for International App. No. PCT/US23/69892; Date of Filing:
July 10, 2023, Applicant: Inari Medical, Inc., Date of Mailing: February 29, 2024, 12 pages.

EXAMINER SIGNATURE
Examiner Signature /ERIC [RASSAVONG/ {03/25/202}©ate Considered 03/25/2024

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line
through a citation if not in conformance and not considered. Include copy of this form with next communication
to applicant.

' See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-
letter code (WIPO Standard ST.3). ® For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the

serial number of the patent document. * Kind of document by the appropriate symbols as indicated on the document under WIPO Standard
ST.16 if possible. ® Applicant is to place a check mark here if English language translation is attached.

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

[[] That each item of information contained in the information disclosure statement was first cited in any communication from
a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the information
disclosure statement. See 37 CFR 1.97(e) (1).

OR

[ That no item of information contained in the information disclosure statement was cited in a communication from a foreign
patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification after making
reasonable inquiry, no item of information contained in the information disclosure statement was known to any individual

designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure statement. See 37
CFR 1.97(e) (2).

[[] See attached certification statement.
Xl Fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

[] None

165925361.1

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /E.R./
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Receipt date: 03/12/2024 18/342,55%3 ~ GAU:
Doc code: IDS PTO/SB/08a (01-10)
Doc description: Information Disclosure Statement (IDS) Filed 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.

Application Number 18/342,553- Conf #6799
Filing Date June 27, 2023
INFORMATION DISCLOSURE First Named Inventor Ben Merritt
STATEMENT BY APPLICANT
(Not for submission under 37 CFR 1.99) Art Unit 3781
Examiner Name Eric Rassavong
Attorney Docket Number |111552.8018.US11

It is submitted that the Information Disclosure Statement is in compliance with 37 C.F.R. § 1.98 and the Examiner is
respectfully requested to consider the listed references. This Information Disclosure Statement is not to be construed as a
representation that: (i) a search has been made; (ii) additional information that may be material to the examination of this
application does not exist; (iii) the information, protocols, results and the like reported by third parties are accurate or enabling;
or (iv) the cited information is, or is considered to be, material to patentability. In addition, Applicant does not admit that any
enclosed item of information constitutes prior art to the subject invention and specifically reserves the right to demonstrate
that any such reference is not prior art.

COPIES OF REFERENCES

In accordance with 37 C.F.R. § 1.98(a)(2)(ii), Applicant has not submitted copies of U.S. patents and U.S. patent applications.
Applicant submits herewith copies of foreign patents and non-patent literature in accordance with 37 C.F.R. § 1.98(a)(2).

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /Matthew S. Williams/ Date (YYYY-MM-DD) 2024-03-12

Name/Print Matthew S. Williams Registration Number 77,516

This collection of information is required by 37 CFR 1.97 and 1.98. 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 1 hour 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.

165925361.1

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /E.R./
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UNITED STATES PATENT AND TRADEMARK OFFIGE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS
P.O. Box 1450
Alexandria, Virginia 22313-1450

8oV

Wwww.uspto.
API?{JIISIE;ON 3;SII?CISNJ§AC¥E Gl?JII)\I?ll}T FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMS | IND CLAIMS |
18/342,553 06/27/2023 3781 1820 111552.8018.US11 20 3
CONFIRMATION NO. 6799
25096 UPDATED FILING RECEIPT
PERKINS OIELLP - SEA Goer B
P.O. BOX 1247

SEATTLE, WA 98111-1247
Date Mailed: 03/20/2024

Receipt is acknowledged of this non-provisional utility 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 FIRST INVENTOR, 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 corrected Filing Receipt, including a properly marked-up ADS showing the changes
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or
other Notice requiring a response for this application, please submit any request for correction 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 provided that the request is grantable.

Inventor(s)
Ben Merritt, San Clemente, CA;
Jacqueline Macias, Fullerton, CA;
Brian Michael Strauss, San Clemente, CA;
Thomas Tu, Louisville, KY;
John Coleman Thress, Capistrano Beach, CA;
Paul Lubock, Monarch Beach, CA;
Applicant(s)
Inari Medical, Inc., Irvine, CA;

Power of Attorney: The patent practitioners associated with Customer Number 25096

Domestic Priority data as claimed by applicant
This application is a CON of 18/167,757 02/10/2023
which is a CON of 17/976,711 10/28/2022
which is a CON of 17/865,315 07/14/2022 PAT 11,642,209
which is a CON of 16/536,185 08/08/2019 PAT 11,559,382
which claims benefit of 62/718,269 08/13/2018
and claims benefit of 62/718,248 08/13/2018

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.

page 1 0of 4
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Permission to Access Application via Priority Document Exchange: Yes
Permission to Access Search Results: Yes

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 07/17/2023
The country code and number of your priority application, to be used for filing abroad under the Paris Convention,

is US 18/342,553
Projected Publication Date: 10/26/2023
Non-Publication Request: No

Early Publication Request: No
Title

SYSTEM FOR TREATING EMBOLISM AND ASSOCIATED DEVICES AND METHODS
Preliminary Class

606
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.

page 2 of 4
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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).

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

page 3 of 4
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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 4 of 4
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2\ UNITED STATES PATENT AND TRADEMARK OFFIGE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: ggl\gMIﬁS;)ONER FOR PATENTS

0. Box

Alexandria, Virginia 22313-1450
‘www.uspto.gov
| APPLICATION NUMBER

FILING OR 371(C) DATE FIRST NAMED APPLICANT | ATTY. DOCKET NO/TITLE |
18/342,553 06/27/2023 Ben Merritt 111552.8018.US11
CONFIRMATION NO. 6799
25096 37 CFR 1.48 ACKNOWLEDGEMENT
PERKINS COIE LLP - SEA General LETTER
PATENT-SEA
P.O. BOX 1247

(A R
SEATTLE, WA 98111-1247 0C000000069902918

Date Mailed: 03/20/2024

NOTICE OF ACCEPTANCE OF REQUEST UNDER 37 CFR 1.48(a)
This is in response to the applicant's request under 37 CFR 1.48(a) submitted on 03/14/2024.

The request under 37 CFR 1.48(a) to correct the inventorship, to correct or update the name of an inventor, or to
correct the order of names of joint inventors is accepted.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/dtdinh/
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Docket No.: 111552.8018.US11
(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:
Ben Merritt et al.

Application No.: 18/342,553 Confirmation No.: 6799
Filed: June 27, 2023 Art Unit: 3781

For: SYSTEM FOR TREATING EMBOLISM AND Examiner: Eric Rassavong
ASSOCIATED DEVICES AND METHODS

COMMENTS ON STATEMENT OF REASONS FOR ALLOWANCE

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Dear Commissioner:

In the Notice of Allowability mailed March 13, 2024, the Examiner allowed claims 1-17,
19, 21, and 22. The Applicant acknowledges the Examiner's statements of Reasons for Allowance
of the above-referenced patent application and agrees that the claimed subject matter is patentable.
However, the Applicant takes no position regarding the Reasons for Allowance presented by the
Examiner other than the positions the Applicant may have previously taken during prosecution.
Therefore, the Examiner's Reasons for Allowance should not be attributed to the Applicant as an
indication of the basis for the Applicant's belief that the claims are patentable. Furthermore, the
Applicant respectfully asserts that there may also be additional reasons for patentability of the
claimed subject matter not explicitly stated in this record and the Applicant does not waive its

rights to such arguments by not further addressing such reasons herein.

165969027.1
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Application No.: 18/342,553 Docket No.: 111552.8018.US11
Comments on Statement of Reasons for Allowance

Dated: March 14, 2024 Respectfully submitted,

By /Matthew S. Williams/
Matthew S. Williams
Registration No.: 77,516

Perkins Coie LLP
P.O.Box 1247

Seattle, WA 98111-1247
Phone: (206) 359-3343
Fax: (206) 359-7198

Attorneys for Applicant

165969027.1
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UNITED STATES PO, Box 1450
PATENT AND TRADEMARK OFFICE Alexandria, Vo B - oo

ELECTRONIC PAYMENT RECEIPT

APPLICATION # RECEIPT DATE / TIME ATTORNEY DOCKET #
18/342,553 03/14/2024 05:37:21 PM Z ET 111552.8018.US11

Title of Invention
SYSTEM FOR TREATING EMBOLISM AND ASSOCIATED DEVICES AND METHODS

Application Information

APPLICATION TYPE  Utility - Nonprovisional Application PATENT # -
under 35 USC 111(a)

CONFIRMATION # 6799 FILED BY  JiYoung Anderson
PATENT CENTER # 64691553 AUTHORIZED BY  Matthew Williams
CUSTOMER # 25096 FILING DATE  06/27/2023
CORRESPONDENGCE - FIRST NAMED  Ben Merritt

ADDRESS INVENTOR

Payment Information

PAYMENT METHOD PAYMENT TRANSACTION ID PAYMENT AUTHORIZED BY
CARD /5111 E20243DH37446338 JiYoung Anderson
FEE CODE DESCRIPTION ITEM PRICE($) QUANTITY ITEM TOTAL($)
1501 UTILITY ISSUE FEE 1200.00 1 1200.00
TOTAL
AMOUNT: $1,200.00

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 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.
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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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UNITED STATES PO, Box 1450
PATENT AND TRADEMARK OFFICE Alexandria, Vo B - oo

ELECTRONIC ACKNOWLEDGEMENT RECEIPT

APPLICATION # RECEIPT DATE / TIME ATTORNEY DOCKET #
18/342,553 03/14/2024 05:37:21 PM Z ET 111552.8018.US11

Title of Invention
SYSTEM FOR TREATING EMBOLISM AND ASSOCIATED DEVICES AND METHODS

Application Information

APPLICATION TYPE  Utility - Nonprovisional Application PATENT #
under 35 USC 111(a)

CONFIRMATION # 6799 FILED BY JiYOUI’]g Anderson
PATENT CENTER # 64691553 FILING DATE 06/27/2023
CUSTOMER # 25096 FIRST NAMED Ben Merritt
INVENTOR
CORRESPONDENCE - AUTHORIZED BY Matthew Williams
ADDRESS
Documents TOTAL DOCUMENTS: 2
SIZE
DOCUMENT PAGES DESCRIPTION (KB)

2024.3.14 Comments -

111552.8018.US11.pdf 2 Miscellaneous Incoming Letter 97 KB

2024-03-14 Issue Fee
Transmittal - 2 Issue Fee Payment (PTO-85B) 237 KB
111552.8018.US11.pdf

Digest

DOCUMENT MESSAGE DIGEST(SHA-512)

8D2EF88976DCE3C914DE298E8D5F596ACDEQO799FA6190067
B30265057341D79B529B583AE558A471AEEB2FFEDCD98F312
5D9A31B79AD3973678E2E7D35E96DBF

2024.3.14 Comments -
111552.8018.US11.pdf
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2024-03-14 Issue Fee A9D9710506F1EA39D08C6A727BE2F1EE1F7C91C82A6DCA2C
Transmittal - 1E48FF505BCFF28FB5695793AD581AD6339B172239DEBE4E7
111552.8018.US11.pdf E3B8737B16C83E3DE35C11CBC361593

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 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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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with the applicable fee(s), by mail or fax, or via BEFS-Web.
By mail, send to: Mail Stop ISSUE FEE Bv fax. send to: (571)273-2885
Commissioner for Patents
P Box 1450
Alexandria, VA 22313-14350
INSTRUCTIONS: ‘this frm should beused for transmitting the [ISSUE
ce wiil be mailed to the curent c«

PR

£ and PUBLICATION FEE {ifrequired}. Blocks I through 5 should becompleted where appropriate.
i spondence address ag indicated unless corrected befow or directed otherwise in Block 1, by (a)sp > 2 BeW
mnr“suondmec address; and/or (b) indicating a separate “ FEE ADDRESS” By nnintenance fe notifications. Because elecivonic patent issuance may ocoeur siioati\, after

isswe {ee payment, any desired continuing application should preferably be filed prior to payment of this issue fee in order notie jeopardize copendency.

CURREMNT CORRESPOMNDENCE ADDRESS (Note: Use Block 1 v any change ofaddress) Note: A certificate of mailing can only be used oy domestic wajlings of the
250886 Feel(s) Transmittal, This certificate cannot beused for any other accompanying

n assignment or Hroel drawing, muist
smission,

. : pap Each additional paper, such
Perkins Goie LLP have its own certificate of mailing ortr
P.O. Box 1247 Certificate of Mailing er Transmission

PATENT - SEA [ hereby certify that thi ) Transmittal is being deposited with the United

. . - States Postal Service with sufficient postage for first class mail in an env elops
Sea’iﬂe, WA’ 931111247 addressed to the Mail Siop ISSUE FEE address above, or being
us USPTO vis EFS-Web or by facsimile 10 {571)273-2885 on the date bJ W,
JiYo Ung Anderson {Typed or printed nang)
/hY oung Anderson/ (Signature)

2024-03-14 {Date)

APPLICATION NO HLING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO CONFIRMATION NO

18/342,553 Jun 27, 2023 Ben Merriit 111552.8018.U811 8789
me oF pvEnToN: - Y STEM FOR TREATING EMBOLISM AND ASSCCIATED DEVICES AND METHQODS

APPLN TYPE HENTITY 5TATUS ISSUR ATION FEZ DUR PREV.PATL ISSUE FY TOTAL (3 DUE ATE DUE

UTILITY LARGE 1200 0 0 1200 2024@64 3

HHAMINER ART UNTT CLASS-SUBCLASS

Eric Rassavong 3781 606-127000

1.Change of corres pondence address or indication of “Fee 2. For printing on the patent font page, list
Address” (37 CFR 1.363)

Perkins Coie LLP

(1) The names of up o 3 registered patent attorneys or
. . . ¢ i
;:] Change of comespondence address (or Change of agents OR, alternatively,

= "
Cornespondence Address Him PTO/SB/122) attached, (2) The nane of a single ﬁ‘m (having as » member &
>d attomey o agen he nanes ofup o 2

E:] Fcc. Address” indication (or “Fee Addvess” Indication form T red patent attornevs or agenis. Ifno name is
ot PTO/SB/47; Rev 03-09 or more recent) tisted, no name will be printe

attached. Use of  Customer Number is required,
3. ASSIGNEE NAME AND RESIDENCE DATA TO RE PRINTED ON THE PATENT (print or ¥ype)

ASE MOTE: Unless ap assignee tsidentified below, no assignee data will appear on the patent. Ifan assignes is jdeniifie d below, the docurment suist have been
usly recorded, or filed forrvecordation, as set ©oith 1y 37 CFR 3.11 and 37 CFR 3.21(a). Completion ofthis B is NOT a substitute for fljng an assignment.
{A)MNAME OF ASSIGNEE {B) RESIDENCE: (CITY and STATE or COUNIRY)

inari Medical, Inc. irvine, CA

Please check the appropriste assignes category or categonies (willnot be printed onthe patent): {:} Individusl . Corpotaiion or ofher private group entity [:} Government

4a. Fees Submitted: I ue fee D Putlication Fee (ifrequired)

4%, Method of Payment (Please first reapply any previows iy paid fee St”)CM’I! aboveX:

Flectronic Paynent via Patent Cepter or EFS-Web ! Enclosed chesk Ej Non-electronic paynent by credit card (Attach B PTO-2038)

. . . : c PN B . = YA
The Director is hereby authorized fo charge the requived fe{s), any deficiency, or credit any overpavient to DDeposit Account No. j{o CS"DW

5. Change of Entity Siatus {fomstatus indicated above)

[:] Applicant certifving micro entity status. See 37 CFR 1.29. NOTE: Absent avalid Certification of
payment in the wicro entity amount

cro Entity Status {see fooms PTO/SB/15A and 15R), issue fie
will not be accepted at the sisk ofapplication abandonwent.

E:} Applicant assetting small entity status. See 37 CFR 1.27. NOTE: I the application was previowsly under micro enfity states, checking this box will be taken as
anotification oftoss ofentitlement to micro entity status.

E:} Applicant changing to regular undiscounted £e status. NOTE: Checking this box will be taken as a notification ofloss ofentitlement to small or mecro entity
status, as applicable.

NOTE: This form nwst be signed iy accordance with 37 CFR 1.31 and 1.3 JFR 1.4 for signature requirenents and cettifications.

Authorized Signature  /fatthew 8. Williams/ Pate 2024-03-14

Typed or printed nane fiatthew S. Wiillams Registration No. 77 518
PTOL-85 Part B (03-23) Approved for use through 03/31/2023 OMB 0651-0033 1.5, Patent and Tradenwrk Office; U.S. DEPARTMENT OF COMMERCE
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OMB Clearance and PRA Burden Statementfor PTOL-85 Part 8

The Paperwork Reduction Act {PRA} of 1985 requires Federal agendesto obtain Office of Management and Budget approval before requesting
most types of information from the public. When OMB approves an agency requestio colled information from the public, OMB {i j provides 3
valid OMB Control Number and expiration date for the agency to dispiay on the instrument that wili be usedto collect the information and (i}
requires the agency to inform the public aboutthe OMB Control Number's legal significancein accordance with 5 CFR 1320, 5(b}.

The information collected by PTOL-85 Part Bis required by 37 CFR 1.311. The information is required to obtain or retaina benefit by the public
which is to file {and by the USPTO to process)an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR 1.14. This collection s
estimated to take 30 minutesto complete, including gathering, preparing, and submitting the completed application form to th e USPTO. Time will
vary depending upon the individual case. Any comments on the amount oftime you require to compiete this form and/or suggestions for
reducing this burden, should be sent to the Chiefinformation Officer, U.5. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box
1458, Alexandria, Virginia 22313-1450, DO NOTSEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TC: Comymissioner for Batents, P.O.
Box 1450, Alexandria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no personsare reguired to respond to a collection of
information uniess it displays a valid OMB control number.

Privacy Act Statement

The Privacy Actof 1974 {P.L. 93-578} requires that you be given certain information in connection with your submission of the attached form
related to 3 patent application or patent. Accordingly, pursuantto the requirements of the Act, pleasebe advised that: {1} the general authority
for the collection ofthis 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. Ifvou do not furnish the reguested information, the UW.S. Patent and Trademark Office may not be able to processand/or
examine your submission, whichmay resuit in termination of proceedings or abandonment ofthe application or expiration ofthe 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 ofinformation Act (5 U.5.C. 552}
and the Privacy Act {5 U.5.C 552a). Records from this system of records may be disclosed to the Departmentof justice to dete rmine
whether disclosure ofthese recordsis requiredby the Freedom of Information Act.

2. Arecordfromthis system of records may be disciosed, as a routine use, in the course of presenting evidence to a court, magistrate, or
administrative tribunal, including discdosuresto opposing counselin the course of settiement negotiations.

3. Arvecordinthis systemofrecords may be disclosad, 35 a routine use, to a Member of Congress submitting a request involving an
individual, to whom the record pertains, when the individual hasrequested assistancefrom the Member with respect {o the subject
matter ofthe record.

4. Arecord inthis system of records may be disdosed, as a routine use, to a contractor of the Agency having need for the informationin
order to perform a contract. Recipients ofinformation shall be required to comply with the requirements ofthe Privacy Act 01274, as
amended, pursuant to 5 U.5.C. 552a{m).

5. Avrecordrelatedtoaninternational Application filed under the Patent Cooperation Treaty in thissystem of records may be d isciosed, as

a routine use, to the International Bureau of the World Inteliectual Property Qrganization, pursuant 1o the Patent Cooperation Treaty.

Avrecordinthis system ofrecords may be disdosed, as a routine use, to another federai agency for purposes of National Sec urity review

{35 U.S.C. 181 and for review pursuant to the Atomic Energy Act {42 U.S.C. 218{c}}.

7. Arecord fromthis system ofrecords may be disclosed, 3s a routine use, to the Administrator, General Services, or his/her d esignes,

during aninspection ofrecords conducted by GSA as part of that agency’s responsibility to recommend improvementsin records

management practices and programs, under authority of 44 U.S.C. 2904 and 2808, Such disclosureshall be madein accordance with the

GSA regulations governing inspection ofrecords for this purpose, and any other relevant {i.e., GSAor Commerce}directive,Such

disclosure shall not be used to make determinations about individuals,

Avrecord from this system ofrecords may be disclosed, as a routine use, to the public after either publication of the applic ation pursuant

to 35 U.5.C. 122{bjorissuance of a patent pursuant to 35 U.5.C. 151, Further, a record may be disclosed, subject to the limitations of 37

CFR 1.14, as a routine use, to the publicifthe recordwas filed in an application which becameabandoned or in which th e proceedings

were terminated and which application isreferenced by either a published application, an application open to public inspection oran

o

0o

issued patent.
9.  Avrecordfrom this system ofrecords may be disclosed, as a routine use, to a Federal, State, orlocal law enforcementagency, ifthe
USPTO becomes aware ofa violation or potentialviolation offaw or regulation.
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UNITED STATES PO, Box 1450
PATENT AND TRADEMARK OFFICE Alexandria, Vo B - oo

ELECTRONIC ACKNOWLEDGEMENT RECEIPT

APPLICATION # RECEIPT DATE / TIME ATTORNEY DOCKET #
18/342,553 03/14/2024 05:24:07 PM Z ET 111552.8018.US11

Title of Invention
SYSTEM FOR TREATING EMBOLISM AND ASSOCIATED DEVICES AND METHODS

Application Information

APPLICATION TYPE  Utility - Nonprovisional Application PATENT #
under 35 USC 111(a)

CONFIRMATION # 6799 FILED BY JiYOUI’]g Anderson
PATENT CENTER # 64691232 FILING DATE 06/27/2023
CUSTOMER # 25096 FIRST NAMED Ben Merritt
INVENTOR
CORRESPONDENCE - AUTHORIZED BY Matthew Williams
ADDRESS
Documents TOTAL DOCUMENTS: 3
SIZE
DOCUMENT PAGES DESCRIPTION (KB)

Corrected ADS-111552-

8018US11.pdf 10 Application Data Sheet 169 KB

Warning: This is not a USPTO supplied ADS fillable form. Data in the form cannot be
automatically loaded to other USPTO systems.

Declaration signed additional
Paul and John - 2 Oath or Declaration filed 887 KB
111552.8018.US11.pdf

2024.3.14 Request for
Correction for inventorship - 3
111552.8018.US11.pdf

Request under Rule 48

. . 227 KB
correcting inventorship

Digest

-24-



Page 2 of 2
DOCUMENT MESSAGE DIGEST(SHA-512)

69EA5B097C693508CFO0AB2F95E10B12A764C3164BB83223B0
BD461A72F8CB5A224D7C431B29FSAABOBEB6F6CE1437E2FD
817C817256430B03D9BIEF5B9724D85

Corrected ADS-111552-
8018US11.pdf

Declaration signed additional F53A36BF5B42AB3ESEE3B1C46CF9026D92952C76BF660B973
Paul and John - D7062F2C2005318E05315D49A57FA4905B025D00C01F50F50C
111552.8018.US11.pdf B591CBD026B6B07271AFEG3EBAGAA

2024.3.14 Request for 5BFD5E63C28F19FE481C65E5F0DA7F79C3C6236D29C3C9E9
Correction for inventorship - C26E1F67270C7A37E44C90B7BEA9188E482B2616C6850F266
111552.8018.US11.pdf 619EE8FAF4C93130B72BDD40EEF59AF

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 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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UNITED STATES PO, Box 1450
PATENT AND TRADEMARK OFFICE Alexandria, Vo B - oo

ELECTRONIC PAYMENT RECEIPT

APPLICATION # RECEIPT DATE / TIME ATTORNEY DOCKET #
18/342,553 03/14/2024 05:24:07 PM Z ET 111552.8018.US11

Title of Invention
SYSTEM FOR TREATING EMBOLISM AND ASSOCIATED DEVICES AND METHODS

Application Information

APPLICATION TYPE  Utility - Nonprovisional Application PATENT # -
under 35 USC 111(a)

CONFIRMATION # 6799 FILED BY  JiYoung Anderson
PATENT CENTER # 64691232 AUTHORIZED BY  Matthew Williams
CUSTOMER # 25096 FILING DATE  06/27/2023
CORRESPONDENGCE - FIRST NAMED  Ben Merritt

ADDRESS INVENTOR

Payment Information

PAYMENT METHOD PAYMENT TRANSACTION ID PAYMENT AUTHORIZED BY

CARD /5111 E20243DH24389356 JiYoung Anderson

FEE CODE DESCRIPTION ITEM PRlCE($) QUANTITY ITEM TOTAL($)
PROCESSING FEE, EXCEPT IN

1830 PROVISIONAL APPLICATIONS 140.00 1 140.00
CORRECTION OF INVENTORSHIP

1819 AFTER FIRST ACTION ON 640.00 1 640.00
MERITS

TOTAL
AMOUNT: $780.00

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 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
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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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Based on USPTD form PTQ/AIAIQ]

Docket No.: 111582.8018.U811

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING
AN APPLICATION DATA SHEET (37 CFR 1.76)

Title of Invention ISYSTEM FOR TREATING EMBOLISM AND ASSOCIATED DEVICES AND METHODS

As the below named inventor, | hereby declare that:

This declaration
is directed to:

{__ J The attached application, or

AAAAAA United States application or PCT international application riumbear _18/342 553

filed on 2023-06-27.
The above-identified application was made or authorized to be made by me.

| believe that | an the original inventor or an original joint inventor of a claimed invention in the application.

| herehy acknowledge that-any wilful false staternent made in this declaration is punishable under 18 U.8.C. 1001 by fine or
imprisonment of not more than five (5) years, or both.

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may contribute to
identity theft. Personal information such as social security numbers, bank account numbers, ot credit card numbers (other than a check or
credit card authorization form PTO-2038 submitted for payraent purposes) is never required by the USPTQ to support a petition or an
application. If this type of personal information is included in docurnents submitted to the USPTO, petitioners/applicants should consider
redacting such personat information from the documernts befere submitting them to the USPTO. Petitioner/applicant is advised that the
record of a patent application is available to the public after publication of the application (uniess a non-publication request in compliance

also be available to the public if the appiication is referenced in & published application or an issued patent (see 37 CFR 1.14), Checks

and credit card authorization forms
PT0-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

Date :

inventor:  John Colernan Thress
o

o

BRI
&

Signature:
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Based on USPTO form PTO/AIA/01

Docket No.: 111552.8018.US11

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING
AN APPLICATION DATA SHEET (37 CFR 1.76)

Title of Invention ISYSTEM FOR TREATING EMBOLISM AND ASSOCIATED DEVICES AND METHODS

As the below named inventor, | hereby declare that:

This declaration
is directed to:

D The attached application, or

United States application or PCT international application number _18/342 553

filed on 2023-06-27.

The above-identified application was made or authorized to be made by me.
| believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

| hereby acknowledge that any wilful false statement made in this declaration is punishable under 18 U.S.C. 1001 by fine
or imprisonment of not more than five (5) years, or both.

WARNING:

Petitionerfapplicant is cautioned to avoid submitting personal information in documents filed in a patent application that may contribute to
identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers (other than a check
or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO to support a petition or an
application. If this type of personal information is included in documents submitted to the USPTO, petitioners/applicants should consider
redacting such personal information from the documents before submitting them to the USPTO. Petitionerfapplicant is advised that the
record of a patent application is available to the public after publication of the application (unless a non-publication request in compliance
with 37 CFR 1.213(a) is made in the application) or issuance of a patent. Furthermore, the record from an abandoned application may
also be available to the public if the application is referenced in a published application or an issued patent (see 37 CFR 1.14). Checks
and credit card authorization forms

PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

Date: March 14, 2024

Inventor:  Paul Lubock

Signature:

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must accompany this
form. Use an additional PTO/AIA/Q1 form for each additional inventor.

This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. 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 coliection is estimated to
take 1 minute 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
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PTOAIAM 4 (11-15)

CORRECTED APPLICATION DATA SHEET Approved for use through 04/30/2017. OME 0651-0032
U.S, Patent and Trademark Cffice; U5, DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1895, no persons are required to respond to a collection of information unigss it contains a valid OMB control number.

. ) Attorney Docket Number | 111552 8018.U81H1
Application Data Sheet 37 CFR 1.78

Application Number

Tille of invention | SYSTEM FOR TREATING EMBOLISM AND ASSOCIATED DEVICES AND METHQDS

The apglication data sheet is part of the provisienal or nongrovisional application for which it is being submitted. The following form contains the
tiblingraphic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.78

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

Secrecy Order 37 CFR 5.2;

[ Portions or all of the appiication associatad with this Application Data Sheet may fall under a Secrecy Order pursuant {0
' 37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronicaliy.)
Inventor Information:
inventor 1
Legal Name
Prefix| Given Name Middie Name Family Name Suffix
Ben Merritt
Residence Information {Select One) &) US Residency (O NonUS Residency () Active US Military Service
City | San Clemante State/Province | CA Country of Residencd | US
Mailing Address of Inventor:
Address 1 ¢/o Inart Medical, Inc.
Address 2 6001 Oak Canyon, Suite #100
City Irvine State/Province ! CA
Postal Code 92618 Countryi us
fnventor 2
Legal Name
Prefix| Given Name RMiddie Name Family Name Suffix
Jacqueline Macias
Residence Information {Select One} (® US Residensy (3 Non US Residency () Active US Military Seivice
City | Fullerton State/Province | CA | Country of Residencd | US
Mailing Address of Inventorn:
Address 1 cfo inari Medical, Inc.
Address 2 8001 Oak Canyon, Suite #100
City Irvine State/Province ! CA
Postal Code 92618 Countryi us
fnventor 3
Lagal Nams
Prafix| Given Name Middie Name Family Names Suffix
Srian Michael Strauss
Residence Information (Select One) (& US Residency (O NonUS Residency () Active US Military Service

£FS Web 2.2.12
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PTOAIAM4 (11-15)

Approvad for use through 04/30/2017. OMB 06810032

U.S, Patent and Trademark Cffice; U5, DEPARTMENT OF COMMERCE

Unider the Paperwork Reduction Act of 1885, no persons are required {o respond to a collection of information uniess i containg & valid OMB control number.

. B Attorney Docket Number | 111552.8018.U811
Application Data Sheet 37 CFR 1.78 —
Application Number
Titie of invention IYSTEM FOR TREATING EMBOLISM AND ASSOCIATED DEVICES AND METHCDS
City | San Clemente State/Province | CA Country of Residencd us
Mailing Address of Inventon:
Address 1 ofo inan Medieal, Inc.
Address 2 €001 Oak Canvon, Suite #100
City Irvine State/Province IC%
Postal Code 92618 | Countryi Us
invenior 4
Legal Name
Prefix| Given Name Middie Name Family Name Suffix
Thomes Tu
Residence Information (Select One} (&) US Residency (O Non US Residency (O Active US Military Sevice
City | Louisvilie ! State/Province | KY | Country of Residencd | US
Mailing Address of Inventor:
Address 1 cfo Inari Medical, Inc.
Address 2 8001 Oak Canyon, Suite #100
City Irvine State/Provinees CA
Postal Code g2e18 Country us
Inventor 8
Legal Name
Prefix| Given Name Middie Name Family Name Suffix
John Coleman Thress
Residence Information (Select One) (® USResidency () Non US Residency () Active US Military Sewvice
City | Capistranc Beach i State/Province i CA Country of Residencd | US
Mailing Address of Inventor:
Address 1 cfo inar Medical, Inc.
Address 2 6001 Oak Canvyon, Suite #100
City lrvine State/Province CA
Postal Code 92618 | Countryi us
inventor &
Legal Name
Prefix| Given Name RMiddie Name Family Name Suffix
Faul Lubock
Residence Information (Select One} (8) US Residency (O Non US Residency () Active US Military Seivice
City | Monarch Beach i State/Province | CA | Country of Residencd | US

EFS Web 2.2.12
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PTOAIAM4 (11-15)

Approvad for use through 04/30/2017. OMB 06810032

U.S. Patent and Trademark Cffice; U5, DEPARTMENT OF COMMERCE

Unider the Paperwork Reduction Act of 1885, no persons are required o respond to a collection of information uniess i containg & valid OMB control number.

Attorney Docket Number | 111552.8018.U811

Application Data Sheet 37 CFR 1.78 —
Application Number

Title of Invention | SYSTEM FOR TREATING EMBOLISM AND ASSOCIATED DEVICES AND METHODS

Mailing Address of Inventor:

Address 1 clo Inari Medical_Inc.
Address 2 6001 Oak Canvon, Suite #100
City Irvine State/FProvince CA

Postal Code 02618 | Countryi us

Al Inventors Must Be Listed - Additional invenior Information blocks may be
generated within this form by selecting the Add bution.

Correspondence Information:

Enter eithsr Customer Number or complets the Correspondencs information section below.
For further information ses 37 CFR 1.33{a}.

[1 An Address is being provided for the correspondence information of this application.

Customer Number 25008

Email Address patentprocuremeni@perkinscoie.com

Application Information:

Title of the Invention SYSTEM FOR TREATING EMBOLISM AND ASSOCIATED DEVICES AND METHODS
Attorney Docket Numberi 111552.8018.U81+ Small Entity Status Claimed [ ]
Application Type Nonprovisional

Subject Matter Utility

O
{

Suggssted Figure for Publication {(ifany} | 2

Total Number of Drawing Sheets {if any)

Filing By Reference:

Only complete this section when filing an application by reference under 35 US.C 11 He) and 37 CFR 1.57{8). Do not completa this section if
application papers including a spacification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section{s) below {i.e., “Domestic Benefit/National Stage information” and “Foreign Priority 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 filad 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 B
filed application

Publication Information:

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

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

35 L.8.C. 122(b) and cenify 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 intemational agreement, that requires
publication at eighteen months after filing.

EFS Web 2.2.12
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Approvad for use through 04/30/2017. OMB 06810032

U.S. Patent and Trademark Cffice; U5, DEPARTMENT OF COMMERCE
Unider the Paperwork Reduction Act of 1885, no persons are required o respond to a collection of information uniess i containg & valid OMB control number.

Application Data Sheet 37 CFR 1.78

Attorney Docket Number | 1

115562.8018. U811

Application Number

Title of invention

SYSTEM FOR TREATING EMBOLISM AND ASSOCIATED DEVICES AND METHODS

Representative Information:

Representative information should be provided for all

praciitioners having a power of attorney in the application. Providing
thig information in the Application Data Sheet does not constiiule a power of alforney in the application {see 37 CFR 1.32).

Either enter Customer Number or compiete the Representative Name section balow. If both sections are compileted the customer
Number will be used for the Representative Information during processing.

Pleass Ssiact One:

(8 Customer Number F () US Patent Practiioner | () Limited Recognition (37 CFR 11.9)

Customer Number

25065

Domestic Benefit/National Stage Information:

This section allows for the applicant to sither claim benefit under 35 U.S.C. 118(e), 120, 121, 385(c), or 388(c} or indicate
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constifutes

the specific reference required by 35 U.8.C. 119{(e} or 120, and 37 CFR 1.78.
When referring to the current application, please leave the “Application Number” field blank.

Prior Application Status

Pending

Application Number

Continuity Type

Prior Application Number

Filing or 371(c) Date
OYYYY-MM-DD)

Continuation ¢f

181167757

2023-062-10

Prior Application Status

Pending

Application Number

Coniinuity Type

Prior Application Number

YYYY-M

Filing or 371(c) Date

M-DD)

18167757 Continuation of 171676711 2022-10-28
Prior Application Status | Pending :
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number CYYYY-MAM-DD)
17/9768711 Continuation of 171865315 2022-07-14
Prior Application Status | Patented
Application T Prior Apgiication Filing Date et lesue Date
Nurmber Continuity Type Number (YYYY-MM-DD) | D aeRtNumber | vy y nvm-D0)
177865315 Continuation of 16/5386185 2018-08-08 11558382 2023-01-24
Prior Application Status | Expired |
Filing or 371{c) Date
Application Number Continuity Type Prior Application Number COYYY-MM-DD)
16/536185 Ciaims henefit of provisional 82/718268 2018-08-13

EFS Web 2.2.12
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PTOIAIA 4 (11-15)

Approvad for use through 04/30/2017. OMB 06810032
U.S. Patent and Trademark Cffice; U5, DEPARTMENT OF COMMERCE
Unider the Paperwork Reduction Act of 1885, no persons are required o respond to a collection of information uniess i containg & valid OMB control number.

Application Data Sheet 37 CFR 1.78

Attorney Docket Number | 1

115562.8018. U811

Application Number

Title of invention

SYSTEM FOR TREATING EMBOLISM AND ASSOCIATED DEVICES AND METHODS

Prior Application Status

Expired

Application Number

Continuily Type

Prior Application Number

Filing or 371(c) Date
YYYY-MM-DD)

16/536185

Claims benefit of provisional

62/718248

2018-08-13

by selecting the Add button.

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

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.8.C. 118{b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX)[ the infermation will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55()(1) and (2). Under the PDX program, applicant bears the ultimate
raspensibiiity for ensuring that & 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(@){1).

Application Number

COLamryi

Filing Date (YYYY-MM-DD)

Access Code (if applicable}

Add button.

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

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

Appilications

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 o a claimed invention that has an effective filing date on or after March

[] 18, 2013

NOTE: By providing this statement under 37 CFR 1.58 or 1.78, this application, with a #ling date on or after March

16, 2013, will be examined under the first inventor {o file provisions of the AlA.

EFS Web 2.2.12
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Approvad for use through 04/30/2017. OMB 06810032

U.S. Patent and Trademark Cffice; U5, DEPARTMENT OF COMMERCE

Unider the Paperwork Reduction Act of 1885, no persons are required o respond to a collection of information uniess i containg & valid OMB control number.

Attorney Docket Number | 111552.8018.U811

Application Data Sheet 37 CFR 1.78

Application Number

Title of Invention | SYSTEM FOR TREATING EMBOLISM AND ASSOCIATED DEVICES AND METHODS

Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly signed and filed with the application, applicant has provided writien
authority to permit a parlicipating foreign intellectual property (IF) office access 1o the instant application-as-filed (see
paragraph A in subsection 1 below) and the European Patent Office (EPO) access to any search resulis from the instant
application (see paragraph B in subsection 1 below).

Should applicant choose not {o provide an authorization identified in subsection 1 below, applicant must opt-out of the
authorization by checking the corresponding box A or B or both in subsection 2 below.

application. Afier the initial filing of an application, an Application Data Sheet cannot be used o provide or rescind
authorization for access by a foreign 1P office(s). Instead, Form PTO/SB/38 or PTO/SB/EY must be used as appropriate.

1. Authorization to Permit Access by a Foreign intellectual Property Office(s)

A, Priority Document Exchange (PDRX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority 1o provide the European Palent Office (EPQ), the Japan Fatent Office
{JPC), the Korean Intellectual Property Office (KIPO}, the Stale Intellectual Property Office of the People’s Republic of
China (S1PQ), the World Intellectual Property Organization (WIFO), and any other foreign intellectusl property office
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
and iis related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)
(1.

the undersigned hereby grants the USPTO authority 1o provide the EPO access 1o the bibliographic data and search
results from the instant patent application when a European patent application claiming priority to the instant patent
application is filed. See 37 CFR 1.14(h)(2).

The applicant is reminded that the EPCO's Rule 141(1) EPC (European Patent Convention) requires applicanis to submit a
copy of search resulis from the instant application without delay in a Eurcpean patent application that claims priority to
the instant application.

2. Opt-Out of Authorizations to Permit Access by a Foreign intellectual Property Office({s)

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign 1P office access to the instant
[} application-as-filed. I this box is checkad, the USPTO will not be providing a participating foreign 1P office with
any documents and information identified in subsection 1A above.

B. Applicant DOES NOT authorize the USPTO 1o transmit to the EPQ any search resulis from the instant patent
[ ] application. If this box is checked, the USPTO will not be providing the EPO with search resulis from the instant
appilication.
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access {o the
apptlication in accordance with 37 CFR 1.14.

EFS Web 2.2.12
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Approvad for use through 04/30/2017. OMB 06810032

U.S. Patent and Trademark Cffice; U5, DEPARTMENT OF COMMERCE

Unider the Paperwork Reduction Act of 1885, no persons are required o respond to a collection of information uniess i containg & valid OMB control number.

Attorney Docket Number | 111552.8018.U811

Application Data Sheet 37 CFR 1.78

Application Number

Title of Invention | SYSTEM FOR TREATING EMBOLISM AND ASSOCIATED DEVICES AND METHODS

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.

Applicant 4

If the applicant is the inventor {or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be compieted.
The information 1o 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 persen
who otherwise shows sufficient proprietary inferest 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 o assign, or person who othernwise 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 seclion.

® Assignee (3 Legal Representative under 35 U.S.C. 117 () Joint Inverntor
O Person to whom the inventor is obligated to assign. Q Persen 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 Organization check here. X

Organization Name inari Medical, Inc.

Mailing Address Information For Applicant:

Address 1 3001 Oak Canyon, Suile #100

Address 2

City irvine State/Province CA
Country | US Postal Code 92618
Fhone Number Fax Number

Email Address

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

Assignee Information including Non-Applicant Assignee Information:

Froviding 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 2.2.12
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Approvad for use through 04/30/2017. OMB 06810032

U.S, Patent and Trademark Cffice; U5, DEPARTMENT OF COMMERCE

Unider the Paperwork Reduction Act of 1885, no persons are required {o respond to a collection of information uniess i containg & valid OMB control number.

. B Attorney Docket Number | 111552.8018.U811
Application Data Sheet 37 CFR 1.78

Application Number

Title of Invention | SYSTEM FOR TREATING EMBOLISM AND ASSOCIATED DEVICES AND METHODS

Assignes 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 assignes-applicant, complate this section only if ideniification as an assignee is aiso desirad on the
patent application publication.

if the Assignee or Non-Applicant Assignee is an Organization check here. ]

Prefix Given Name Middie Name Family Name Suffix

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City State/Province
Countryi Postal Cade
Phone Number Fax Number

Email Address

Additional Assignee or Non-Applicant Assignes Data may be gensrated within this form by
selecting the Add bution.

Signature:
NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application

subsection 2 of the “Authorization or Opi-Qut of Authorization to Permit Access” section, then this form must
aiso be signed in accordance with 37 CFR 1.14{c}.

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic
gntity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

Signature {/Matthew 3. Willlams/ Date YYYY-MM-DD)| 2024-03-14

First Name | Matthew S. Last Name | Williams Registration Numbser | 77,516

Additional Signature may be generaled within this form by selecting the Add bulton.

EFS Web 2.2.12
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Approvad for use through 04/30/2017. OMB 06810032

U.S. Patent and Trademark Cffice; U5, DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1885, no persons are required {o respond o a collection of information unless il contains s valid OMB control number.

Attorney Docket Number | 111552.8018.U811

Application Data Sheet 37 CFR 1.78

Application Number

Title of invention | SYSTEM FOR TREATING EMBOLISM AND ASSOCIATED DEVICES AND METHODS

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 1o file {(and by the USPTO ¢ precess) an application. Confidentialily is governad by 35 U.8.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes o compiete, including gathering, preparing, and submitling the completed application data
shest form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of ime you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Gfficer, U .S, Patent and
Trademark Office, U.8. Department of Commaerce, P.C. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.CO. Box 1450, Alexandria, VA 22313-1450,

EFS Web 2.2.12
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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
Tradernark 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 US.
Patent and Trademark Office may not be able o process and/or exarmine 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 f and the Privacy

orm will be treated confidentiafly to the extent allowed under the Freedorm of Information Act (5 11.5.C. 552)
Act {5 US.C, 352a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Fre
information Act requires disclosure of these records.

[«8

dom of

0}

2. Arecord 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 settlernent negotiations.

3 Arecord in this system of records m
the record pertaing, when the indivi

fosed, as a routine use, to a Member of Congress submitting a request invoiving an individual, to whom

dual has requested assistance from the Member with respect to the subject matter of the record.

4, Arecord 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 11.5.C.
PPy
552a(m).

5. Arecordrelated 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 CooperationTreaty,

6. Arecordin 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(Q).

v be disclosed, as a routine use, (o 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 irnprovements in records management practices and
programs, under authority of 44 11.5.C. 2904 and 2905. Such disclosure shall be made in accordance with the GSA regulations goverming 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

[«

7. Arecord from this system of records ma

2. Arecord from this system of records may be disclosed, as a routine use, to the public after eithe
oA s
C.

¢ 2y publication of the application pursuant to 35 U.S.C
122{b) or issuance of a patent pursuant to 351L.5.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 wa

ad in an application which became abandoned or in which the proceedings were terminated and which appli
referenced by either a published application, an application open to public inspections or an issued patent.

cation is

9. Arecord from this system of records maz
aware of a viclation or potential violati

s be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the USPTO becomes
on of law or regulation.

£FS Web 2.2.12
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Doc Code: R4B.REQ
Document Description: Reguest under Rule 48 correcting inventorship
PTO/AIA/AG (04-18)
Approved for use through 11/30/2020. OMB 0651-0031
1.8, Patent and Trademark Office, U.S. DEPARTMENT GF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information uniess it displays a valid OGMRB control niumber.
;” REGUEST FOR CORRECTIONIN A Appiication Nurnber 18/342,553 - Conf, 6799 Y
PATENT APPLICATION RELATING TO | FilngDate 2023-06-27
INVENTORSHIP OR AN INVENTOR First Named Inventor Ben Merritt
NAME, OR ORDER OF NAMES, OTHER  |-ArtUr o781

THAN IN A REISSUE APPLICATION {37 bl Eric Rassavong
CFR 1.48) Tracttoner bocket 111552.8018.US11

To: Commissioner for Patents
P.0. Box 3450
Alexandria, V& 22313-1450

Applicant hereby requests that the inventorship be corrected or changed, or that the name of the inventor or 3 joint inventor, or the order of
the namaes of joint inventors, be changed, in the above-identified spplication. Note: 37 CFR 1.48 applies to any requast to correct inventorship
filed on or after September 1€, 2012, regardless of the application filing date. Bo not submit this form after payment of the issue fee or if the
application has heen patentad. See 37 CFR 1.324 for correction of inventorship in a patent.

Please check the applicable box{es) below,

for a nonprovisional apilication:

1. This request is to correct or change the inventorship in 2 nonprovisional application {under 37 CFR 1.48{a}) and includes:

An application data sheet {ADS} in accordance with 37 CFR 1.76{c} with the corrected or updated information shown with markings
e.q., underiining for insertions, strikethrough for deletions). See the Manual of Patent Examining Procedure {MPEP) section

£01.05{a) for information about filing an ADS in an application filed on/after September 16, 2012, For information about filing 3
Supplemental ADS in an application filed before September 16, 2012, see MPEP 601.05(b}.

140

The processing fee set forth in 37 CFR 1.17{i). S

m Aninventor is being added. An inventor’s oath or declaration by any actual inventar who has not yet executed an oath or declaration
{
an/after Septernber 16, 2012 {e.g., form BTO/AIASG1). For information about an inventor’s oath or declaration for an application
filed before September 16, 2012 {e.g., form PTO/SB/01}, see MPEP 602.01{b).

M This reguest i

ane of the following:

is required (zee 37 CFR 1.48(b}). 5ee MPEP 502.01(2) for information about an inventor’s cath or declaration for an application f

j=3

iled after the first Office action on the merits has been given or mz

CFR 1.4%{c) and 1.17{d)}. Check

This request to correct or change the inventorship is due solely Lo the cancellation of claims in the application.

OR &40
The fee set forth in 37 CFR 1.17{d} is due (in addition to the fee set forth in 37 CFR 1.17{i}). 5

[Page 1 ¢f 2]

This collection of information is e
process) an apptication. Confid

uired by 37 CFR 1.48. The information is reguired to obtain or retsin a benefit by the public which is to Tile (and by the USPTG to
fity is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is astimated to take 1 hour to complete, wding
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the
ameunt e you reguire to complete this form and/or suggestions for reducing this burden, should be sant to the Chief Information Officer, U.S. Patent and
Tragemark Office, U.S. Department of Commerce, P.0. Box 1450, Alexandria, VA 22313-1450. OO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SERD
TO: Commissioner for Patents, P.O. Box 34580, Alexandria, VA 2333.3-1450.

if you need assistance in completing the form, call 1-800-PT0-9199 and select eption 2.
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PTO/AIA/AG {04-18)
Apgroved for use through 11/30/2020. OMB 0651-0031
1.5, Patent and Trademark S. DEPARTIENT GF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are reguired to respond to  collection of information un!es;K displays a valid OMB control niumber.
REQUEST FOR CORRECTION IN A PATENT APPUICATION RELATING TO INVENTORSHIP OR AN
INVENTOR NAME, OR ORDER OF NAMES, OTHER THAN IN A REISSUE APPLICATION

{37 CFR 1.48)

E] 2. Thisrequestis to correct or update the name of the inventor or 2 joint inventor, or the order of names of joint inventors, ina
nonprovisional application {under 37 CFR 1.48{f}) and includes:

updated name of the inventor, or the new order of names shown with markings {2.g., underlining for insertions, strikethrough for
deleticns). See the MPEP £01.05{a) for information about filing an ADS in an application filad on/after September 18, 2012, For
information about filing a Supplemental ADS in an application filed befaore Septamber 18, 2012, see MPEP 601.05{b}.

u The processing fee set forth in 37 CFR 2.17{i}.

For a provisionai application:

This request is to change or correct the inventarship, or carrect or update the name of the inventor or a jointinventor, in a provisional
application {under 37 CFR 1.48{d}) and includes:

u Attached hereto is a document that is signed by a party set forth in 37 CFR 1.33({b} and identifies each inventor by his or her legal
name, in the preferred order. Note: the document may be an application data sheet in accordance with 37 CFR 1.76{¢) that
identifies the changes with markings {underiining for insertions, strikethrough for deletions).

D The processing fee set forth in 37 CFR 1.17{qg).

R

Fee Paviment information:

Applicant certifies micro entity status. See 37 CFR 1.26.
Form PTO/SB/LSA or B or equivalent must either be enclcsed or have been submitted previously

u A check in the amount of the fee is enclosed,
Payment by credit card. Form PTQ-2038 is attached.

The Director is hereby suthorized to charge any fees which may be required, or credit any overpayment,
to Deposit Account No. 50-0665

m Payment made via EFS-Web.,

WARNING: information on this form may become public, Credit card information should not be included
on this form. Provide credit card information and authorization on PTO-2038,

attorney or agent of record

tam the
D Applicant® sttorney or agent acting under 37 CFR 1.34
. : 7.5 . .
Registration number E’_'_fﬂ_fi_____ Registration number

sensture/ AtHew &, Williams/

&

Typed or printed name Matthew 8. Williams

Date 2024-03-14

NOTE: This form must be signed in accordance with 37 CFR 1.32. See 37 CFR 1.4 for signature reguirements and certifications. *Juristic entities
must be represented by a patent practitioner (See 37 CFR 1.31, applicable to any paper filed on or after Septernber 16, 2017 that is presented
on behaif of a juristic entity, regardless of application filing date). Submit multiple forms if more than one signature is required, see below**
** Total of j_________ forms are submitted.

{Page 2 of
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Privacy Act Statement

The Privacy Act of 1874 {P.L. 83-578)} requires that you be given certain information in connection with your
submission of the attached form relaled to a patent application or patent. Accordingly, pursuant o the
requirerments of the Act, please be advised that: (1) the general authority for the collection of this information is
35 U.S.C. Z{b}2), {2) furnishing of the information solicitad is voluntary; and (3) the principal purpose for which
the information is used by the U.S. Patent and Trademark Office is {0 process and/or examine your submission
related to a patent application or patent. I you do not furnish the requested information, the U.8. 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 vou in this form will be subject to the following routine uses:

-~

The information on this form will be freated confidentially to the extent allowed under the Freedom of
information Act (5 U.8.C. 552) and the Privacy Act (5 1UJ.8.C 552a). Records from this system of records
may be disclosad to the Depariment 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 disciosures to opposing counsel in
the course of settiement negotiations.

A record in this system of records may be disclosed, as a routine use, 10 a Member of Congress
submitting a request involving an individual, to whom the record perfains, when the individual has
requesied assistance from the Member with respedct {0 the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, 10 a contractor of the Agency
having need for the information in order {o perform a contract. Recipients of information shall be required
{o comply with the requirements of the Privacy Act of 1974, as amendead, pursuani to 5 U.S.C. 882a{m).
A record related to an Intemational Application filed under the Patent Cooperation Treaty in this system
of records may be disclosed, as a routine use, {o the international Bureau of the World intellectual
Property Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclesed, as a routine use, o ancther federal agency for
purposes of National Security raview {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, 1o the Administrator, General
Services, or his/her dasignee, during an inspection of records conductad by G8A as part of that agency’s
responsibiiity to recommend improvements in records management practices and programs, under
authority of 44 U.8.C. 2804 and 2808, Such disclosura shall be mads in accordance with the GSA
ragulations governing inspection of records for this purpose, and any other relevant {(ie., GSA or
Commerce) directive. Such disclosura shall not be used to make determinations about individuals.

A recurd from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 UL.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, o
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.

Aracord 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 vislation or potential viclation of faw or
regulation.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
25096 7590 03/13/2024
PERKINS COIE LLP - SEA General RASSAVONG, ERIC
PATENT-SEA
PO BOX 1247 | ART UNIT | PAPER NUMBER |
SEATTLE, WA 98111-1247 3781
DATE MAILED: 03/13/2024

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |

18/342,553 06/27/2023 Ben Merritt 111552.8018.US11 6799

TITLE OF INVENTION: SYSTEM FOR TREATING EMBOLISM AND ASSOCIATED DEVICES AND METHODS

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 06/13/2024

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD
CANNOT BE EXTENDED. SEE 35 US.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE.

HOW TO REPLY TO THIS NOTICE:

1. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.
If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 40% the amount of undiscounted fees, and micro entity fees are 20% the amount of
undiscounted fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed. If an equivalent of Part B is filed, a request to reapply a previously paid issue fee must be
clearly made, and delays in processing may occur due to the difficulty in recognizing the paper as an equivalent of Part B.

IIT. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail
Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980.
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at
www.uspto.gov/PatentMaintenanceFees.

Page 1 of 3
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via the USPTO patent electronic filing system.

By mail, send to: Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate.
All further correspondence will be mailed to the current correspondence address as indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new
correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications. Because electronic patent issuance may occur shortly after issue
fee payment, any desired continuing application should preferably be filed prior to payment of this issue fee in order not to jeopardize copendency.
Note: A certificate of mailing can only be used for domestic mailings of the
CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

2509 7590 03/13/2024 Certificate of Mailing or Transmission
PERKINS COIE LLP - SEA General I hereby certify that this Fee(s) Transmittal is being deposited with the United
States Postal Service with sufficient postage for first class mail in an envelope
PATENT-SEA addressed to the Mail Stop ISSUE FEE address above, or being transmitted to the
P.O. BOX 1247 USPTO via the USPTO patent electronic filing system or by facsimile to (571)
SEATTLE, WA 98111-1247 273-288S5, on the date below.

(Typed or printed name)

(Signature)|

(Date)|

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

18/342,553 06/27/2023 Ben Merritt 111552.8018.US11 6799
TITLE OF INVENTION: SYSTEM FOR TREATING EMBOLISM AND ASSOCIATED DEVICES AND METHODS

| APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE I PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 06/13/2024
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
RASSAVONG, ERIC 3781 606-127000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys

or agents OR, alternatively, 1
(2) The name of a single firm (having as a member a
registered attorney or agent) and the names of upto 2
2 registered patent attorneys or agents. If no name is
listed, no name will be printed.

M| Change of correspondence address (or Change of Correspondence
Address form PTO/AIA/122 or PTO/SB/122) attached.

(] "Fee Address" indication (or "Fee Address" Indication form PTO/
ATA/47 or PTO/SB/47; Rev 03-02 or more recent) attached. Use of a
Customer Number is required.

. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

W

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ Individual [ Corporation or other private group entity [ Government

4a. Fees submitted: (Jissue Fee [Ipublication Fee (if required)
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

[ Electronic Payment via the USPTO patent electronic filing system [ Enclosed check [ Non-electronic payment by credit card (Attach form PTO-2038)

[ The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No.

5. Change in Entity Status (from status indicated above)

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

M| Applicant certifying micro entity status. See 37 CFR 1.29

M| Applicant asserting small entity status. See 37 CFR 1.27

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro

M| Applicant changing to regular undiscounted fee status. entity status, as applicable.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature Date
Typed or printed name Registration No.
Page 2 of 3
PTOL-85 Part B (11/23) Approved for use through 03/31/2026 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. I FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. |
18/342,553 06/27/2023 Ben Merritt 111552.8018.US11 6799
| EXAMINER |
25096 7590 03/13/2024
PERKINS COIE LLP - SEA General RASSAVONG, ERIC
PATENT-SEA
P.O. BOX 1247 | ART UNIT PAPER NUMBER |
SEATTLE, WA 98111-1247 3781

DATE MAILED: 03/13/2024

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration
of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process
outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3 of 3
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget
approval before requesting most types of information from the public. When OMB approves an agency request to
collect information from the public, OMB (i) provides a valid OMB Control Number and expiration date for the
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform
the public about the OMB Control Number’s legal significance in accordance with 5 CFR 1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. 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 30 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, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
Virginia22313-1450. 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.

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. The United States Patent and Trademark
Office (USPTO) collects the information in this record under authority of 35 U.S.C. 2. The USPTO’s system of
records is used to manage all applicant and owner information including name, citizenship, residence, post office
address, and other information with respect to inventors and their legal representatives pertaining to the applicant's/
owner’s activities in connection with the invention for which a patent is sought or has been granted. The applicable
Privacy Act System of Records Notice for the information collected in this form is COMMERCE/PAT-TM-7 Patent
Application Files, available in the Federal Register at 78 FR 19243 (March 29, 2013).

hitpscffwww govinfo. goviconient/nke/FR-2013-03-29/pd{/ 201 307341 ndf

Routine uses of the information in this record may include disclosure to:

1) law enforcement, in the event that the system of records indicates a violation or potential violation of law;
2) afederal, state, local, or international agency, in response to its request;
3) a contractor of the USPTO having need for the information in order to perform a contract;

4) the Department of Justice for determination of whether the Freedom of Information Act (FOIA) requires
disclosure of the record;

5) a Member of Congress submitting a request involving an individual to whom the record pertains, when the
individual has requested the Member’s assistance with respect to the subject matter of the record;

6) a court, magistrate, or administrative tribunal, in the course of presenting evidence, including disclosures to
opposing counsel in the course of settlement negotiations;

7) the Administrator, General Services Administration (GSA), or their designee, during an inspection of records
conducted by GSA under authority of 44 U.S.C. 2904 and 2906, in accordance with the GSA regulations
and any other relevant (i.e., GSA or Commerce) directive, where such disclosure shall not be used to make
determinations about individuals;

8) 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));

9) the Office of Personnel Management (OPM) for personnel research purposes; and
10)the Office of Management and Budget (OMB) for legislative coordination and clearance.

If you do not furnish the information requested on this form, the USPTO may not be able to process and/or examine
your submission, which may result in termination of proceedings, abandonment of the application, and/or expiration
of the patent.
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Application No. Applicant(s)
; . 18/342,553 Merritt et al.
Notice of Allowability Examiner ArtUnit | AIA (FITF) Status
ERIC RASSAVONG 3781 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included

herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.} This communication is responsive to Remarks filed on 02/06/2024.

[3J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2. An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the
restriction requirement and election have been incorporated into this action.

3. The allowed claim(s) is/are 1-17,19 and 21-22 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information
, please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.
4.7 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a) LJAl by (J Some* ¢) [J None of the:
1. [J Certified copies of the priority documents have been received.
2. [J Certified copies of the priority documents have been received in Application No.
3. [J Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5.] CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

(J including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of each
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6._] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1.0 Notice of References Cited (PTO-892) 5. (¥} Examiner's Amendment/Comment

2. Information Disclosure Statements (PTO/SB/08), 6. Examiner's Statement of Reasons for Allowance
Paper No./Mail Date .

3.0J Examiner's Comment Regarding Requirement for Deposit 7. (J Other .

of Biological Material .
4.(] Interview Summary (PTO-413),
Paper No./Mail Date.

/E.R./ /SUSAN S SU/
Examiner, Art Unit 3781 Primary Examiner, Art Unit 3781

U.S. Patent and Trademark Office .
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20240227
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Application/Control Number: 18/342,553 Page 2
Art Unit: 3781

EXAMINER’S AMENDMENT / REASONS FOR ALLOWANCE
Notice of Pre-AlA or AlA Status
1. The present application, filed on or after March 16, 2013, is being examined under the
first inventor to file provisions of the AlA.
Status of Claims
2. Claims 1-17, 19, and 21-22 are currently pending. Claims 18 and 20 are cancelled.
Claims 1, 3, 8, 11-12, and 19 have been amended. Claims 21 and 22 are newly added. No new
subject matter is added.
Examiner’s Amendment

3. An examiner’s amendment to the record appears below. Should the changes and/or
additions be unacceptable to applicant, an amendment may be filed as provided by 37 CFR
1.312. To ensure consideration of such an amendment, it MUST be submitted no later than the
payment of the issue fee.
4. Authorization for this examiner’s amendment was given in an interview with Matt
Williams on 2/14/2024.
5. The application has been amended as follows:

Claim 1:

Inline 1 --- A clot treatment system for treating clot material comprising a pulmonary
embolism in the a vasculature of a patient.

Claim 11:

In line 1 --- A clot treatment system for treating clot material comprising a pulmonary

embolism in £he a vasculature of a patient.
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Allowable Claims
6. Claims 1-17, 19, and 21-22 are allowed.
Reasons for Allowance
7. The following is an examiner’s statement of reasons for allowance:

Claims 1 and 11 are allowable for reciting, inter alia, “a clot treatment system for
treating clot material comprising a pulmonary embolism in the vasculature of a patient” and
“wherein the second catheter has a size of 16 French or greater”.

Garrison (US 20150173782 A1) teaches all of the limitations as discussed previously in
Non-Final Rejection filed on 11/06/2023. However, Garrison fails to teach a clot treatment
system for treating clot material comprising a pulmonary embolism in the vasculature of a
patient” and “wherein the second catheter has a size of 16 French or greater”. The clot
treatment device of Garrison is configured for a neurovascular application and not for larger
vasculature such as pulmonary embolism. It would be unreasonable to modify the clot
treatment device of Garrison to be used for pulmonary embolisms. There is no prior art that
teaches all of the limitations. Therefore, claims 1 and 11 are allowable. Claims 2-10 and 22 are
allowable for depending on claim 1. Claims 12-17, 19, and 21 are allowable for depending on
claim 11.

8. Any comments considered necessary by applicant must be submitted no later than the
payment of the issue fee and, to avoid processing delays, should preferably accompany the
issue fee. Such submissions should be clearly labeled “Comments on Statement of Reasons for

Allowance.”
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Conclusion
10. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to ERIC RASSAVONG whose telephone number is (408)918-7549.
The examiner can normally be reached Monday - Friday 9:00am-5:30pm PT.

Examiner interviews are available via telephone, in-person, and video conferencing
using a USPTO supplied web-based collaboration tool. To schedule an interview, applicant is
encouraged to use the USPTO Automated Interview Request (AIR) at
http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Nicholas J. Weiss can be reached on (571)270-1775. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of published or unpublished applications may be
obtained from Patent Center. Unpublished application information in Patent Center is available
to registered users. To file and manage patent submissions in Patent Center, visit:
https://patentcenter.uspto.gov. Visit https://www.uspto.gov/patents/apply/patent-center for
more information about Patent Center and https://www.uspto.gov/patents/docx for
information about filing in DOCX format. For additional questions, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a USPTO
Customer Service Representative, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

JE.R./(2/27/2024) /SUSAN S SU/

Examiner, Art Unit 3781 Primary Examiner, Art Unit 3781
28 February 2024
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disclosure statement. See 37 CFR 1.97(e) (1).

OR

[] That no item of information contained in the information disclosure statement was cited in a communication from a foreign
patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification after making
reasonable inquiry, no item of information contained in the information disclosure statement was known to any individual
designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure statement. See 37
CFR 1.97(e) (2).
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It is submitted that the Information Disclosure Statement is in compliance with 37 C.F.R. § 1.98 and the Examiner is
respectfully requested to consider the listed references. This Information Disclosure Statement is not to be construed as a
representation that: (i) a search has been made; (ii) additional information that may be material to the examination of this
application does not exist; (iii) the information, protocols, results and the like reported by third parties are accurate or enabling;
or (iv) the cited information is, or is considered to be, material to patentability. In addition, Applicant does not admit that any
enclosed item of information constitutes prior art to the subject invention and specifically reserves the right to demonstrate
that any such reference is not prior art.
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In accordance with 37 C.F.R. § 1.98(a)(2)(ii), Applicant has not submitted copies of U.S. patents and U.S. patent applications.
Applicant submits herewith copies of foreign patents and non-patent literature in accordance with 37 C.F.R. § 1.98(a)(2).
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is estimated to take 1 hour 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:
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disclosure statement. See 37 CFR 1.97(e) (1).
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:
Conf. No.: 6799
Ben Merritt et al.
Art Unit: 3781
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Examiner: Eric Rassavong

Filed: June 27, 2023
Customer No. 25096
For: SYSTEM FOR TREATING EMBOLISM
AND ASSOCIATED DEVICES AND
METHODS

AMENDMENT AND RESPONSE TO NON-FINAL OFFICE ACTION
UNDER 37 C.F.R. § 1.111

MS AMENDMENT
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Commissioner:

In response to the Office Action mailed on November 6, 2023, please amend and consider

the above-identified application as follows:
Amendments to the Claims are reflected in the listing of claims beginning on page 2.

Remarks begin on page 7.

164579206.1
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Application No.: 18/342,553 Docket No.: 111552.8018.US11
Response to Office Action dated November 6, 2023

AMENDMENTS TO THE CLAIMS

Please amend claims 1, 3, 8, 11, 12, and 19; cancel claims 18 and 20; and add new claims 21

and 22. Following is a complete listing of the claims pending in the application, as amended:

1. (Currently Amended) A clot treatment system for treating clot material comprising

a pulmonary embolism in the vasculature of a patient, comprising:

a first clot aspiration assembly, including:

a first catheter;

a first pressure source; and

a first fluid control device between the first catheter and the first pressure source,
wherein the first fluid control device is movable between (a) an-epena first
position in which the first pressure source is fluidly eeonneeted—te
disconnected from the first catheter and (b) a elesed-second positioned in
which the first pressure source is fluidly diseonneetedfromconnected to the

first catheter,

wherein the first pressure source is configured to generate vacuum pressure
while the first fluid control device is in the elesedfirst position, and

wherein, upon movement of the first fluid control device from the epen-first
position to the elesed—second position, the vacuum pressure is
applied to the first catheter to generate suction at a distal portion of
the first catheter; and

a second clot aspiration assembly, including:

a second catheter advanceable through the first catheter, wherein the second

catheter has a distal portion, wherein the second catheter has a size of 16

French or greater, and wherein the second catheter is shaped to be

intravascularly advanced through the vasculature of the patient such that the

distal portion of the second catheter is positioned proximate to the

pulmonary embolism;

a second pressure source; and
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a second fluid control device between the second catheter and the second pressure
source, wherein the second fluid control device is movable between (a) an
opena first position in which the second pressure source is fluidly eenneeted
tedisconnected from the second catheter and (b) a elesed-second positioned
in which the second pressure source is fluidly diseenneetedfremconnected

to the second catheter,

wherein the second pressure source is configured to generate vacuum
pressure while the second fluid control device is in the elesed-first
position, and

wherein, upon movement of the second fluid control device from the epesn
first position to the elesed-second position, the vacuum pressure is
applied to the second catheter to generate suction at a-the distal

portion of the second catheter to aspirate blood and at least a portion

of the pulmonary embolism into the second catheter.

2. (Original) The clot system of claim 1 wherein the first catheter has a first length,

and wherein the second catheter has a second length longer than the first length.
3. (Currently Amended) The clot treatment system of claim 1 wherein the first
catheter has a size of 24 French, and wherein the size of the the second catheter has a-size-efis 16

French.

4. (Original) The clot treatment system of claim 1 wherein the first pressure source is

the same as the second pressure source.

5. (Original) The clot treatment system of claim 1 wherein the first pressure source

and the second pressure source comprise an electric pump.

6. (Original) The clot treatment system of claim 1 wherein the first clot aspiration

assembly further includes a hemostasis valve configured to receive the second catheter.

164579206.1
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7. (Original) The clot treatment system of claim 6 wherein the hemostasis valve
comprises:

a tubular member defining a lumen configured to slidably receive the second catheter; and

a filament extending at least partially around the tubular member, wherein the filament is

moveable between (a) a first position wherein the filament circumferentially

constricts the lumen to create a seal around the second catheter and (b) a second

position wherein the filament is moved to at least partially open the lumen.

8. (Currently Amended) The clot treatment system of claim 1 wherein the first fluid
control device is user actuatable to move between the epen-first position and elesed-the second

positions_of the first fluid control device, and wherein the second fluid control device is user

actuatable to move between the epenfirst positoin and elesed-the second positions_of the second

fluid control device.

9. (Original) The clot treatment system of claim 1 wherein the first pressure source is

a first syringe, and wherein the second pressure source is a second syringe.
10. (Original) The clot treatment system of claim 1 wherein the first pressure source is
a first vacuum-pressure locking syringe, and wherein the second pressure source is a second

vacuum-pressure locking syringe.

11. (Currently Amended) A clot treatment system for treating clot material comprising

a pulmonary embolism in the vasculature of a patient, comprising:

a first clot aspiration assembly, including:
a first catheter; and
a first pressure source configured to be fluidly coupled to the first catheter and to
generate suction at a distal portion of the first catheter; and
a second clot aspiration assembly, including:

a second catheter advanceable through the first catheter, wherein the second

catheter has a distal portion, wherein the second catheter has a size of 16

164579206.1
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French or greater, and wherein the second catheter is shaped to be

intravascularly advanced through the vasculature of the patient such that the

distal portion of the second catheter is positioned proximate to the

pulmonary embolism;

a second pressure source; and

a fluid control device between the second catheter and the second pressure source,
wherein the fluid control device is movable between (a) an—epena first
position in which the second pressure source is fluidly eenneeted
tedisconnected from the second catheter and (b) a elesed-second positioned
in which the second pressure source is fluidly discenneeted+remconnected

to the second catheter,

wherein the second pressure source is configured to generate vacuum pressure
while the fluid control device is in the elesed-first position, and

wherein, upon movement of the fluid control device from the epen-first position to
the elesed-second position, the vacuum pressure is applied to the second
catheter to generate suction at a-the distal portion of the second catheter to

aspirate blood and at least a portion of the pulmonary embolism into the

second catheter.
12. (Currently Amended) The clot treatment system of claim 11 wherein the first
catheter has a size of 24 French, and wherein the size of the the second catheter has-a-size-ofis 16

French.

13. (Original) The clot treatment system of claim 11 wherein the first pressure source

is the same as the second pressure source.

14. (Original) The clot treatment system of claim 11 wherein the first pressure source

and the second pressure source comprise an electric pump.

164579206.1
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15. (Original) The clot treatment system of claim 11 wherein the first clot aspiration

assembly further includes a hemostasis valve configured to receive the second catheter.

16. (Original) The clot treatment system of claim 15 wherein the hemostasis valve is
fluidly coupled to a proximal end portion of the first catheter, and wherein the first pressure source
is fluidly coupled to the first catheter via a tube branching from the first catheter distal to the

proximal end portion of the first catheter.

17. (Original) The clot treatment system of claim 16 wherein the hemostasis valve is
a first hemostasis valve, wherein the tube is a first tube, and wherein the second clot aspiration
assembly further includes a second hemostasis valve fluidly coupled to a proximal end portion of
the second catheter, and wherein the second pressure source is fluidly coupled to the second
catheter via a second tube branching from the second catheter distal to the proximal end portion of

the second catheter.

18. (Canceled)

19. (Currently Amended) The clot treatment system of claim 11 wherein the first
catheter has a size of 24 French, wherein the size of the second catheter has-a-size-ofis 16 French,
and wherein the first pressure source and the second pressure source comprise an electric pump.

20. (Canceled)

21. (New) The clot treatment systme of claim 15 wherein the first pressure source is

the same as the second pressure source.

22. (New) The clot treatment systme of claim 7 wherein the first pressure source is the

same as the second pressure source.

164579206.1
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REMARKS

Claims 1-20 were pending when the present Office Action was mailed on
November 6, 2023. In this response, claims 18 and 20 have been canceled and claims 1, 3, 8, 11,
12, and 19 have been amended to further clarify certain features of these claims and to expedite
prosecution of this application. The foregoing amendments and cancelations are made without
commenting on or conceding the merits of any rejections of these claims and without prejudice to
or disclaimer of pursuing the subject matter of these claims in a continuation or other related
application. New claims 21 and 22 have been added in this response. Accordingly, claims 1-17,

19, 20, and 21 are currently pending.
The status of the application in light of the November 6, 2023, Office Action is as follows:

(A)  Claim 18 was rejected under 35 U.S.C. § 102(a)(1) over U.S. Patent Application
Publication No. 2015/0173782 to Garrison et al. (“Garrison”); and

(B) Claims 1-17, 19, and 20 were allowed.

(A)  Response to the Section 102 Rejection of Claim 18 (Garrison

Claim 18 was rejected under Section 102 over Garrison. Without commenting on or
conceding the merits of the rejection of claim 18, claim 18 has been canceled in this response.

Accordingly, the rejection of claim 18 is now moot.

(B) Allowed Claims 1-17, 19, and 20

Claims 1-17, 19, and 20 were allowed. The Applicant thanks the Examiner for indicating
that claims 1-17, 19, and 20 are allowable. The undersigned attorney notes that claims 1-17, 19,
and 20 may be allowable for reasons other than those identified by the Examiner and does not
concede that the Examiner’s characterization of the terms of these claims and the prior art are
correct. For example, independent claims 1 and 11, as amended, are further patentable over
Garrison for at least the reasons discussed during the January 25th videoconference interview with
the Examiner and his supervisor in related U.S. Patent Application No. 18/329,450, and

specifically the Examiner’s comments in the Applicant-Initiated Interview Summary mailed

164579206.1
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January 31, 2024 that “Attorney and Examiner agree that incorporating more structural claim
language, i.e. diameter of the catheter, would make the claim 1 allowable over the prior art

Garrison.”

New Claims 21 and 22

New claims 21 and 22 have been added in this response. New claims 21 and 22 depend
from independent claims 11 and 1, respectively. Accordingly, new claims 21 and 22 are patentable
over Garrison and the other art of record for at least the same reasons as allowable claims 1 and 11,

and for the additional features of these dependent claims.

Conclusion

In view of the foregoing, the pending claims comply with 35 U.S.C. § 112 and are
patentable over the applied art. The Applicant accordingly requests reconsideration of the
application and respectfully submits that the application is in condition for allowance. If the
Examiner has any questions or believes a telephone conference would expedite prosecution of this

application, the Examiner is encouraged to contact the undersigned at (206) 359-3343.

Although the present communication may include alterations to the application or claims,
or characterizations of claim scope or referenced art, the Applicant is not conceding that previously
pending claims are not patentable over the applied references; instead, any alteration or

characterizations are being made to expedite prosecution of this application.

The Applicant also reserves the right to later pursue any previously pending or other
broader or narrower claims that capture any subject matter supported by the present disclosure,
including subject matter that might be found disclaimed herein or by any prior prosecution.
Accordingly, reviewers of this or any parent, child or related prosecution history shall not
reasonably infer that the Applicant has made any disclaimers or disavowals of any subject matter

supported by the present application.

Please charge any underpayment or credit any overpayment to Deposit Account
No. 50-0665, under Order No. 111552.8018.US11 from which the undersigned is authorized to

draw.
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BLOOD-FILTERING DEVICES FOR USE WITH CLOT TREATMENT
SYSTEMS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims benefit of U.S. Provisional Application No. 63/326,196,
filed March 31, 2022, entitted BLOOD-FILTERING DEVICES FOR USE WITH CLOT
TREATMENT SYSTEMS, which is incorporated by reference herein in its entirety.

TECHNICAL FIELD

[0002] The present technology generally relates to blood-filtering devices for use with clot

treatment systems, and associated methods.

BACKGROUND

[0003] Thromboembolic events are characterized by an occlusion of a blood vessel.
Thromboembolic disorders, such as stroke, pulmonary embolism, heart attack, peripheral
thrombosis, atherosclerosis, and the like, affect many people. These disorders are a major cause

of morbidity and mortality.

[0004] When an artery is occluded by a clot, tissue ischemia develops. The ischemia will
progress to tissue infarction if the occlusion persists. However, infarction does not develop or is
greatly limited if the flow of blood is reestablished rapidly. Failure to reestablish blood flow can

accordingly lead to the loss of limb, angina pectoris, myocardial infarction, stroke, or even death.

[0005] In the venous circulation, occlusive material can also cause serious harm. Blood
clots can develop in the large veins of the legs and pelvis, a common condition known as deep
venous thrombosis (DVT). DVT commonly occurs where there is a propensity for stagnated
blood (e.g., long-distance air travel, immobility, etc.) and clotting (e.g., cancer; recent surgery,
such as orthopedic surgery, etc.). DVT can obstruct drainage of venous blood from the legs,
leading to swelling, ulcers, pain, and infection. DVT can also create a reservoir in which blood
clots can collect and then travel to other parts of the body, including the heart, lungs, brain (which

may cause a stroke), abdominal organs, and/or extremities.

[0006] Various devices exist for performing a thrombectomy or removing clot material to
reestablish blood flow within a patient. Such devices can remove the target clot material and

often additionally remove one or more fluids (e.g., blood) along with the clot material. These

1-
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devices are often designed to make it difficult to return removed fluids (e.g., blood) to the patient,
even when doing so may be advantageous. For example, some existing devices include bypass
circuits that can be cumbersome to set up and may require a specially trained user (e.g., a

perfusionist) present to operate correctly.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Many aspects of the present technology can be better understood with reference to
the following drawings. The components in the drawings are not necessarily to scale. Instead,

emphasis is placed on illustrating clearly the principles of the present disclosure.

[0008] Figure 1 is a partially schematic side view of a clot treatment or clot removal
system comprising an aspiration assembly configured in accordance with embodiments of the

present technology.

[0009] Figure 2A is a perspective view of a pressure source comprising a vacuum-pressure

locking syringe configured in accordance with embodiments of the present technology.

[0010] Figure 2B is a perspective view of a plunger assembly of the vacuum-pressure

locking syringe of Figure 2A in accordance with embodiments of the present technology.

[0011] Figure 2C is an exploded perspective view of the plunger assembly of Figure 2A

in accordance with embodiments of the present technology.

[0012] Figures 3-7B illustrate various embodiments of filtered material subsystems
coupled to the syringe of Figure 2A and configured in accordance with embodiments of the

present technology.

[0013] Figure 8A is a perspective view of another plunger assembly configured in

accordance with embodiments of the present technology.

[0014] Figure 8B is a perspective view of a filter assembly configured in accordance with

embodiments of the present technology.

[0015] Figures 9A and 9B are perspective views of another filtering syringe configured in

accordance with embodiments of the present technology.

[0016] Figure 10 is a perspective view of another filtering syringe configured in

accordance with embodiments of the present technology.
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[0017] Figure 11A is a perspective view of another filtering syringe configured in

accordance with embodiments of the present technology

[0018] Figure 11B is an enlarged perspective view ol a distal portion of the (iltering

syringe of Figure 11A, with other portions of the filtering syringe omitted for illustrative clarity.

[0019] Figure 11C is a perspective view of a filter assembly of the filtering syringe of

Figure 11A, configured in accordance with embodiments of the present technology.

[0020] Figure 11D is an enlarged side cross-sectional view of the filtering syringe of

Figure 11A taken along section line 11D-11D in Figure 11B.

[0021] Figure 12A is a perspective view of a filter assembly of another filtering syringe

configured in accordance with embodiments of the present technology.

[0022] Figure 12B is a cross-sectional view of the filter assembly of Figure 12A taken
along section line 12B-12B in Figure 11B in accordance with embodiments of the present

technology.

DETAILED DESCRIPTION

[0023] The present technology is generally directed to clot treatment systems with filters,
and associated devices and methods. In some of the embodiments described in detail below, the
filters can be part of a filtering syringe. The filtering syringe can be coupled to a catheter
subsystem insertable within a patient, such that the filtering syringe can remove (e.g., aspirate)
material (e.g., clot material, blood) from a patient via the catheter subsystem. The filtering
syringe can include a plunger assembly, and the plunger assembly can include one or more
filters. The filters can be configured to (i) allow at least a first portion of material removed from
the patient to pass through at least one of the filters, and (i1) prevent at least a second portion of
the removed material from passing through at least one of the filters. In some embodiments, for
example, the one or more filters are configured to (i) allow blood to pass through at least one of
the filters, and (i1) prevent clot material from passing through at least one of the filters, such that

the at least one filter can “filter” blood from the material removed from the patient.

[0024] In some embodiments, the clot treatment systems further include a filtered material
subsystem. The filtered material subsystem can include one or more valves and/or tubing
sections that can fluidly couple the filtering syringe and the patient. Additionally, in at least some
embodiments, the filtered material subsystem includes a fluid drive element fluidly coupled to

the filtering syringe and operable to draw fluid through one or more of the filters, for example,
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to filter the blood from the clot material within the filtering syringe and/or to otherwise drive
flow of the blood through at least part of the filtered material subsystem. In operation, the filtered
material subsystem can be configured to (i) capture/receive all or part of the blood within the
filtering syringe, and/or (ii) return/reintroduce all or part of the blood within the filtering syringe

back to the patient.

[0025] In some aspects of the present technology, the filtering syringe can be used to
perform multiple material removal (e.g., aspiration) cycles while remaining coupled to the
filtered material subsystem and/or the catheter subsystem such that, during one or more of the
material removal cycles, at least part of the aspirated material (e.g., blood) removed from the
patient can be filtered and/or reintroduced into the patient without disconnecting the filtering
syringe from the filtered material subsystem and/or the catheter subsystem, and/or while
maintain a generally consistent (e.g., optimal) vacuum power/pressure and/or volumetric
flowrate throughout the one or more material removal cycles. In some embodiments, the filtering
syringe can be used to perform multiple material removal cycles while remaining fluidly coupled
to the catheter system via a single fluid control device. In some aspects, having multiple fluid
control devices (e.g., check-valves, Y-connectors, and the like) between a catheter system and a
pressure source can reduce the pressure/aspiration power applied by the pressure source to the
catheter system. In some embodiments, the filtering syringe can be used to perform one or more
material removal cycles while remaining fluidly coupled to catheter and returning at least part
of the filtered blood to the patient without using any fluid control devices to control/direct fluid
flow between the filtering syringe and the patient. Additionally, or alternatively, at least some of
the filtered material subsystems are expected to be safer and/or reduce the likelihood that clot
material removed from the patient is accidentally/inadvertently reintroduced into the patient. For
example, at least some of the filtered material subsystems can define one or more flow paths
confligured 1o direct the (low of the aspirated material (o inhibit or prevent the [iltered material
(e.g., blood) from being reintroduced into the filtering syringe and/or the clot material in the
filtering syringe from being driven back into the patient P. In these and other embodiments, at
least some of the filtering syringes and/or filtered material subsystems can be configured such
that a user can more easily perform one or more tests or other analyses on at least part of the

filtered material before or instead of returning the filtered material to the patient.

[0026] Certain details are set forth in the following description and in Figures 1-12B to
provide a thorough understanding of various embodiments of the present technology. In other

instances, well-known structures, materials, operations, and/or systems often associated with
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intravascular procedures, blood filtering, clot removal procedures, catheters, and the like are not
shown or described in detail in the following disclosure to avoid unnecessarily obscuring the
description of the various embodiments of the technology. Those of ordinary skill in the art will
recognize, however, that the present technology can be practiced without one or more of the
details set forth herein and/or with other structures, methods, components, and so forth.
Moreover, although many of the devices and systems are described herein in the context of
removing and/or treating aspirated material and/or clot material, the present technology can be
used to remove and/or treat other unwanted material in addition or alternatively to clot material,
such as thrombi, emboli, plaque, intimal hyperplasia, post-thrombotic scar tissue, etc.

N3

Accordingly, the terms “clot,” “clot material,” and “aspirated material” as used herein can refer

to any of the foregoing materials and/or the like.

[0027] The terminology used below is to be interpreted in its broadest reasonable manner,
even though it is being used in conjunction with a detailed description of certain examples of
embodiments of the technology. Indeed, certain terms may even be emphasized below; however,
any terminology intended to be interpreted in any restricted manner will be overtly and

specifically defined as such in this Detailed Description section.

[0028] The accompanying Figures depict embodiments of the present technology and are
not intended to be limiting of its scope unless expressly indicated. The sizes of various depicted
elements are not necessarily drawn to scale, and these various elements may be enlarged to
improve legibility. Component details may be abstracted in the Figures to exclude details such
as the position of components and certain precise connections between such components when
such details are unnecessary for a complete understanding of how to make and use the present
technology. Many of the details, dimensions, angles, and other features shown in the Figures are
merely illustrative of particular embodiments of the disclosure. Accordingly, other embodiments
can have other details, dimensions, angles, and features without departing from the present
technology. In addition, those of ordinary skill in the art will appreciate that further embodiments

of the present technology can be practiced without several of the details described below.

[0029] With regard to the terms “distal” and “proximal” within this description, unless
otherwise specified, the terms can reference a relative position of the portions of a catheter
subsystem with reference to an operator and/or alocation in the vasculature. Also, as used herein,
the designations “rearward,” “forward,” “upward,” “downward,” and the like are not meant to

limit the referenced component to a specific orientation. It will be appreciated that such
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designations refer to the orientation of the referenced component as illustrated in the Figures;

the systems of the present technology can be used in any orientation suitable to the user.

[0030] Figure 1 is a partially schemaltic side view of a clotl treatment or clot removal
system comprising an aspiration assembly 10 (“assembly 10°) configured in accordance with
embodiments of the present technology. In the illustrated embodiment, the assembly 10 includes
a catheter subsystem 100, a tubing subsystem 120, a pressure source 130, and a filtered material
subsystem 170. The catheter subsystem 100 includes a catheter 102 (e.g., an aspiration catheter)
comprising an elongated shaft defining a lumen 104 and having a distal portion 103a and a
proximal portion 103b. The catheter 102 can be intravascularly advanced to a treatment site
within a blood vessel of a patient P such that, for example, the distal portion 103a is positioned
in and/or proximate to clot material within the blood vessel. The catheter subsystem 100 further
includes a valve 106 that can be integral with or coupled to the proximal portion 103b of the
catheter 102.

[0031] In general, the clot removal system (i) can include features generally similar or
identical to those of the clot removal systems described in detail in U.S. Patent Application
No. 16/536,185, filed August 8, 2019, and titled "SYSTEM FOR TREATING EMBOLISM
AND ASSOCIATED DEVICES AND METHODS," which is incorporated herein by reference
in its entirety, and/or (ii) can be used to treat/remove clot material from a patient (e.g., a human
patient) using any of the methods described in detail therein. In some embodiments, the catheter
subsystem 100 can include some features that are at least generally similar in structure and
function, or identical in structure and function, to those of the catheters disclosed in (i) U.S.
Patent Application Publication No. 17/529,018, titled "CATHETERS HAVING SHAPED
DISTAL PORTIONS, AND ASSOCIATED SYSTEMS AND METHODS," and filed
November 17, 2021, and/or (ii) U.S. Patent Application Publication No. 17/529,064, titled
"CATHETERS HAVING STEERABLE DISTAL PORTIONS, AND ASSOCIATED
SYSTEMS AND METHODS," and filed November 17, 2021, each of which is incorporated

herein by reference in its entirety.

[0032] In the illustrated embodiment, the valve 106 includes a distal portion 107a, a
proximal portion 107b, and a lumen 109 extending therethrough from the distal portion 107a to
the proximal portion 107b. In some embodiments, the valve 106 is a hemostasis valve that is
configured to maintain hemostasis during a clot removal procedure by preventing fluid flow in

the proximal direction through the valve 106 as various components, such as delivery sheaths,
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pull members, guidewires, interventional devices, other aspiration catheters, etc., are inserted
through the valve 106 to be delivered through the catheter 102 to a treatment site in a blood
vessel. The valve 106 further includes one or more branches or side ports 108 configured to
fluidly couple the lumen 104 of the catheter 102 to the tubing subsystem 120. In the illustrated
embodiment, the valve 106 includes buttons 101 that can be actuated (e.g., depressed) to open a
conduit within the lumen 109. In some embodiments, the valve 106 can be a valve of the type
disclosed in U.S. Patent Application No. 16/117,519, filed August 30, 2018, and titled
“HEMOSTASIS VALVES AND METHODS OF USE,” which is incorporated herein by
reference in its entirety. In some embodiments, the proximal portion 107b of the valve 106 is
further configured to be detachably coupled (e.g., via a snap-fit arrangement) to a filtering
device, such as one or more of the filtering syringes described in greater detail below with

reference to Figures 2A-2C.

[0033] The tubing subsystem 120 fluidly couples the catheter subsystem 100 to the
pressure source 130. More specifically, the tubing subsystem 120 can include one or more tubing
sections 124 (individually labeled as a first tubing section 124a and a second tubing section
124b), at least one fluid control device 126 (e.g., a valve), and at least one connector 128 for
fluidly coupling the tubing subsystem 120 to the pressure source 130 and/or other suitable
components. More specifically, in the illustrated embodiment, the fluid control device 126 is a
stopcock that is fluidly coupled to (i) the side port 108 of the valve 106 via the first tubing section
124a and (i1) the connector 128 via the second tubing section 124b. In at least some
embodiments, the fluid control device 126 is a three-way stopcock, and includes a free port or
inlet configured to allow a user to fluidly couple additional devices to the catheter subsystem
100 while the pressure source 130 is also fluidly coupled to the catheter subsystem 100, for
example, to reintroduced filtered blood into a patient as described in detail below with reference
to Figure 3. The [luid control device 126 is externally operable by a user to regulate the low of
fluid therethrough and, specifically, from the lumen 104 of the catheter 102 to the pressure
source 130. In other embodiments, the fluid control device 126 can be a clamp that can be
actuated (e.g., compressed or squeezed by the hand of a user) to partially or fully restrict fluid
flow through the first tubing section 124a and/or the second tubing section 124b. In yet other
embodiments, the fluid control device 126 can be omitted and its functionality incorporated into

the pressure source 130.

[0034] The pressure source 130 is configured to generate (e.g., form, create, charge, build

up) a vacuum (e.g., negative relative pressure) and store the vacuum for subsequent application

-
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to the catheter subsystem 100. Further details of suitable pressure sources are described in detail
below with reference to Figures 2A—-2C and 9A—12B. In some embodiments, the pressure source
130 aspirates fluid (e.g., blood), clot material, and/or other material from the patient P during a
clot removal process. In the illustrated embodiment, the pressure source 130 is fluidly coupled
to the filtered material subsystem 170. The filtered material subsystem 170 can receive the
aspirated fluid, clot material, and/or other material from the pressure source 130 and filter the
fluid from the other material. In some embodiments, the filtered material subsystem 170 can be
fluidly coupled to the patient P and configured to reintroduce the aspirated fluid (e.g., blood)
into the patient. Additional details regarding suitable filtered material subsystems are described
in greater detail below with reference to Figures 3-7B. Additionally, in at least some
embodiments, the filtered material subsystem 170 can be omitted and the pressure source 130
can be used to transfer the aspirated fluid (e.g., blood) to the patient (e.g., intravenously, via the

fluid control device 126, via one of the side ports 108, and the like) or any other suitable location.

[0035] During operation of the assembly 10, a user can first close the fluid control device
126 before activating the pressure source 130 to build up vacuum pressure within the pressure
source 130 (e.g., a vacuum chamber of the pressure source 130). In some embodiments, the user
can control or select the volume of the generated vacuum. In this manner, a vacuum is charged
within the pressure source 130 before the pressure source 130 is fluidly connected to the catheter
subsystem 100. To aspirate the lumen 104 of the catheter 102, the user can open the fluid control
device 126 to fluidly connect the pressure source 130 to the catheter subsystem 100 and thereby
apply or release the vacuum stored in the pressure source 130 to the lumen 104 of the catheter
102. Opening of the fluid control device 126 instantaneously or nearly instantaneously applies
the stored vacuum pressure to the tubing subsystem 120 and the catheter 102, thereby generating
suction throughout the catheter 102. In particular, the suction is applied at the distal portion 103a
ol the catheter 102. In one aspect ol the present technology, pre-charging or storing the vacuum
before applying the vacuum to the lumen 104 of the catheter 102 is expected to generate greater
suction forces (and corresponding fluid flow velocities) at and/or near the distal portion 103a of
the catheter 102 compared to simply activating the pressure source 130 while it is fluidly
connected to the catheter 102. The suction forces generated by application of the stored vacuum
can be used to aspirate or otherwise remove aspirated material from within a blood vessel of a
human patient. The aspirated material can be received by the pressure source 130, and at least a
portion of the aspirated material can be filtered, transferred to the filtered material subsystem

170, and/or returned to/reintroduced into the patient P or another suitable outflow location.
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[0036] Figure 2A is a perspective view of a pressure source 230 comprising a vacuum-
pressure locking and/or filtering syringe (“filtering syringe 230”") configured in accordance with
embodiments of the present technology. In some embodiments, the filtering syringe 230 can
include some features generally similar or identical to those of any one of the syringes described
in detail in U.S. Patent Application No. 17/396,426, filed August 6, 2021, and titled
"AUTOMATICALLY LOCKING VACUUM SYRINGES, AND ASSOCIATED SYSTEMS
AND METHODS," which is incorporated herein by reference in its entirety.

[0037] In the illustrated embodiment, the filtering syringe 230 includes a barrel assembly
240 and a filtering plunger assembly 250 (“the plunger assembly 2507°). The barrel assembly 240
includes a chamber or barrel 242, a tip 244 extending distally from the barrel 242, and a lumen
or bore 246 extending through the tip 244 and the barrel 242. In some embodiments, the barrel
assembly 240 includes a locking component 248. The barrel 242 is shown as transparent in

Figure 2A for clarity.

[0038] The plunger assembly 250 can include a body or plunger 252 having a first (e.g.,
distal) end portion 253a defining a distal end terminus of the plunger 252, and a second (e.g.,
proximal) end portion 253b opposite the first end portion 253a and defining a proximal end
terminus of the plunger 252. The plunger assembly 250 can further include a seal 254, a port or
valve 258 (such as a Luer-activated valve or any other suitable valve), and alumen 256 (partially
obscured in Figure 2A) extending at least partially or fully through the plunger 252 between the
first end portion 253a and the second end portion 253b. Additionally, the plunger assembly 250
can include ahandle 251 to improve user handling of the plunger assembly 250. In the illustrated
embodiment, the seal 254 is positioned proximate to the first end portion 253a, and the valve
258 and the handle 251 are positioned proximate to the second end portion 253b. The lumen 256
can be fluidly coupled to the valve 258, and the valve 258 can be fluidly coupled to the filtered
material subsystem 170 and/or the patient P (Figure 1), such that fluid within the lumen 256 can

flow to and/or toward the filtered material subsystem 170 and/or the patient P via the valve 258.

[0039] The plunger assembly 250 further includes a filter assembly 260. In the illustrated
embodiment, the filter assembly 260 is positioned at the first end portion 253a of the plunger
252 and at a distal end portion of the lumen 256. In other embodiments, the filter assembly 260
can be positioned proximate to the second end portion 253b, proximally from the lumen 256,
and/or at any other suitable position relative to the lumen 256 and/or within the filtering syringe

230. The filter assembly 260 can include one or more filters 262 (which can also be referred to
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as “filtering elements,” “filtering stages,” or the like). As described in detail below, fluid (e.g.,

blood) can be pulled through the filters 262 into the lumen 256 and out of the valve 258.

[0040] Al least a portion of the plunger assembly 250 is advanceable distally and
proximally through the barrel 242. In the illustrated embodiment, the seal 254 sealably engages
an interior surface of the barrel 242 and forms a substantially fluid impermeable seal therewith.
Referring to both Figures 1 and 2 A together, the tip 244 can be configured to detachably couple
the filtering syringe 230 to the tubing subsystem 120. In the illustrated embodiment, the tip 244
is a Luer connector that can be coupled to the connector 128 and/or the proximal portion 107b
of the valve 106 via one or more suitable adaptors. In some embodiments, the barrel 242 can be
made of a transparent material that permits a user to visualize material (e.g., aspirated material)
within the barrel 242.

[0041] With continued reference to Figures 1 and 2A together, during operation of the
assembly 10, auser can first close the fluid control device 126 and then grip the plunger assembly
250 and/or the barrel assembly 240 to withdraw (e.g., retract) the plunger 252 at least partially
out of the barrel 242 to thereby generate a vacuum in the barrel 242. In some embodiments, once
the user has withdrawn the plunger 252 to a predetermined volume, the locking component 248
can automatically engage the plunger 252 to lock the plunger 252 relative to the barrel 242. In
other embodiments, the plunger 252 can be locked by rotating the plunger 252 relative to the
barrel 242 to engage the locking component 248. In some such embodiments, the user can control
the volume of the vacuum—by withdrawing the plunger 252 more or less—to provide a desired
amount or level of suction/aspiration upon opening of the fluid control device 126. In other
embodiments, the filtering syringe 230 may not be a locking syringe, and the user can instead
hold the plunger 252 in position relative to the barrel 242. In some embodiments, the syringe has
a volume of about 60 cc or less than about 60 cc. With the plunger 252 withdrawn, the user can
open the fluid control device 126 to aspirate material (e.g., clot material, bodily fluid(s), and the
like) through the lumen 104 and into the barrel 242. The filters 262 of the filter assembly 260
can be selected to allow select material(s) and/or fluid(s) (e.g., one or more vascular fluids, blood,
plasma, water, hemoglobin, white blood cells, and the like) aspirated from the patient to pass
therethrough. For example, one or more of the filters 262 can (i) allow a first portion of the
aspirated material (e.g., blood, blood plasma, and the like) to pass through the filter assembly
260, and (ii) prevent at least a second portion of the aspirated material (e.g., clol material,
thrombi, emboli, and the like) from passing through the filter assembly 260. Accordingly, when

pressure is applied to the lumen 256, the filter assembly 260 can ““filter” or otherwise separate
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the first portion of the aspirated material (e.g., blood) from the second portion of the aspirated

material (e.g., clot material).

[0042] Figure 2B is a perspective view of the plunger assembly 250 of Figure 2A. Figure
2C is an exploded perspective view of the plunger assembly 250 of Figure 2A. Referring to
Figures 2B and 2C together, in the illustrated embodiment, the filter assembly 260 includes a
first filter 262a and a second filter 262b. Each of the filters 262a-b can be formed from a
polyester, a polyamide, a hemocompatible material, a combination thereof, and/or any other
suitable material. The first and second filters 262a-b can provide multiple stages of filtration to,
for example, prolong the life of the filter assembly 260 and/or provide an increased filtering
surface area. The first and second filters 262a-b can have the same, generally similar, or different
sizes, thicknesses, porosities, and the like. In at least some embodiments, for example, the first
filter 262a has a relatively large/coarse porosity of about 200 microns, and the second filter 262b
has a relatively small/fine porosity of about 40 microns. In such embodiments, the first filter
262a can be configured to be relatively resilient to negative pressure, large aspirated thrombi,
and/or cleaning, and the second filter 262b can be configured to filter blood, microemboli, and
the like. In other embodiments, the first filter 262a and/or the second filter 262b can have any
other suitable porosity, such as less than 40 microns, more than 200 microns, and/or any porosity
therebetween. In these and other embodiments, the first and second filters 262a-b can have any

other suitable configuration.

[0043] In some embodiments, one or more of the filters 262 can be detachably coupled to
the plunger assembly 250 (to, e.g., form the filter assembly 260), such that one or more of the
filters 262 can be removed from the plunger assembly 250, such as for cleaning, reuse, and/or
disposal. Alternatively or additionally, one or more of the filters 262 can be coupled to, integrally
formed with, or otherwise form a single-piece assembly with the plunger 252, such that the
plunger 252 can be removed from the barrel 242 to clean, reuse, and/or dispose of the plunger
252 and/or the filter after use. Although the first and second filters 262a-b have a circular shape
in the embodiment illustrated in Figure 2C, in other embodiments one or both of the filters 262a-
b can have a disc, pleated, conical, cylindrical, or any other suitable shape. Although in first and
second filters 262a-b are positioned adjacent to each other in the embodiment illustrated in
Figure 2C, in other embodiments the first and second filters 262a-b can be spaced apart from
each other. In at least some embodiments, [or example, the (irst filter 262a can be positioned
proximate the distal end portion 253a of the plunger assembly 250 and the second filter 262b

can be positioned proximate the proximal end portion 253b of the plunger assembly 250 opposite
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the first filter 262a. Although the filter assembly 260 includes two filters in the embodiment
illustrated in Figure 2C, in other embodiments the filter assembly 260 can include more or fewer

of the filters 262, such as one, more than two, or any other suitable number of filters 262.

[0044] Referring to Figure 2C, the lumen 256 has a first (e.g., distal) aperture or opening
257a and a second (e.g., proximal) aperture or opening 257b opposite the first opening 257a. In
the illustrated embodiment, the first opening 257a is positioned to receive fluid from the barrel
242 (Figure 2A) through the filter assembly 260, and the second opening 257b is fluidly coupled
to the valve 258. In some aspects of the present technology, it is expected that the lumen 256
will be unlikely to substantially clog during use because it receives fluid filtered by the filter

assembly 260.

[0045] Figures 3—7B illustrate embodiments of filtered material subsystems 370-770,
respectively, configured in accordance with embodiments of the present technology. Each of the
various filtered material subsystems 370-770 can include some features that are generally
similar in structure and function, or identical in structure and function, to one another and/or to
the corresponding features of the filtered material subsystem 170 described in detail above with
reference to Figure 1 and can operate in a generally similar or identical manner to one another
and/or to the filtered material subsystem 170. Moreover, one or more of the different features of

the filtered material subsystems 370-770 of the present technology can be combined or omitted.

[0046] Figure 3 is a perspective view of the filtering syringe 230 of Figure 2A coupled to
the assembly 10 of Figure 1 in accordance with embodiments of the present technology. In the
illustrated embodiment, the tip 244 of the barrel assembly 240 is fluidly coupled to the connector
128, and the valve 258 of the plunger assembly 250 is fluidly coupled to a filtered material
subsystem 370 generally similar in structure and/or function to the filtered material subsystem
170 of Figure 1. In the illustrated embodiment, the filtered material subsystem 370 comprises a
syringe (“the syringe 3707). In other embodiments, the filtered material subsystem 370 can

include a blood bag, a container, and/or any other suitable fluid reservoir.

[0047] During a procedure involving the assembly 10, such as a clot treatment and/or a
clot removal procedure, a user can open the fluid control device 126 after withdrawing the
plunger 252 to charge a vacuum in the barrel 242 to aspirate aspirated material AM into the
barrel 242, as described in detail with reference to Figures 1 and 2A. The aspirated material AM
can include a first (e.g.. filterable) portion FM (“the first material FM,” “the filterable material
FM,” and the like) and a second (e.g., unfilterable) portion UFM (“the second material UFM,”
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“the unfilterable material UFM,” and the like). For example, the first material FM can comprise

blood and the second material UFM can comprise clot material.

[0048] After aspirating the aspirated material AM, the user can close the {luid control
device 126 to inhibit the aspirated material AM from flowing back through the fluid control
device 126, into the assembly 10, and/or otherwise toward the patient P (Figure 1). When the
aspirated material AM is within the barrel 242, the user can filter the aspirated material AM
using the filter assembly 260 to separate all or part of the first material FM from the second
material UFM. More specifically, the user can apply a force/pressure to the valve 258 with the
syringe 370 to draw the aspirated material AM against the filter assembly 260 and cause at least
part of the first material FM to flow through the filter assembly 260 toward the syringe 370. To
apply the force/pressure to the valve 258, the user can (1) move the syringe 370 in a first (e.g.,
distal) direction D1 toward the plunger assembly 250 to depress the plunger 252 through the
barrel 242 to drive the aspirated material AM against the filter assembly 260 and the through the
lumen 256 to the syringe 370 and/or (i) actuate the syringe 370 (e.g., by withdrawing a plunger
thereof in a second direction D2) to draw the first material FM through the filter assembly 260
without depressing the plunger 252.

[0049] Once all or part of the first material FM is within the syringe 370, the user can (i)
disconnect the syringe 370 from the valve 258, and/or (ii) return at least a portion of the first
material FM (e.g., blood) to the patient. For example, the user can connect the syringe 370 to the
fluid control device 126 (e.g., the free port or inlet, described above with reference to Figure 1)
and actuate the syringe 370 to inject all or part of the first material FM within the syringe 370
into the catheter 102 (Figure 1) and the patient. As another example, the user can use the syringe
370 to inject all or part of the first filtered material FM into the patient intravenously, via one or
more of the side ports 108 (Figure 1), and/or using any other suitable method or technique.
Additionally, or alternatively, the user can (i) disconnect the filtering syringe 230 from the
assembly 10, (i1) remove all or part of the remaining aspirated material AM and/or the second
material UFM from the barrel 242, and/or (iii) use the filtering syringe 230 to perform one or
more subsequent aspirations to remove additional material from the patient. In some
embodiments, for example, the user can flush all or part of the aspirated material AM from the
filtering syringe 230 via the valve 258 by, for example, fluidly coupling the valve 258 to a fluid
source and (lowing (luid at least partially through the [iltering syringe 230 and toward and/or out
of the tip 244. In other embodiments, the user can place the tip 244 of the filtering syringe 230

into a bowl containing a saline solution, or any other suitable washing/flushing solution,
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withdraw the plunger 252 to pull at least a portion of the saline solution into the barrel 242 (e.g.,
to mix with any aspirated material AM contained therein), and then depress the plunger 252 to
expel all or part of the aspirated material AM and/or the saline solution from the barrel 242. In
these and other embodiments, the user can de-air the filtering syringe 230 before aspirating
material from the patient. For example, the user can use the syringe 370 to (i) inject liquid (e.g.,
saline) into the filtering syringe 230 and/or (i1) draw fluid (e.g., air, liquid, etc.) from within the
filtering syringe via, for example, the valve 258 on the filtering syringe 230. Additionally, or
alternatively, the user can de-air the syringe 370 before reintroducing the first filtered material
FM into the patient, for example, by actuating the plunger of the syringe 370 to remove air

bubbles from the syringe’s barrel.

[0050] Figure 4 is an enlarged side view of the filtering syringe 230 of Figure 2A coupled
to a filtered material subsystem 470 in accordance with embodiments of the present technology.
In the illustrated embodiment, the filtered material subsystem 470 includes a fluid control device
472 and a tubing section 474. The tubing section 474 can fluidly couple the filtering syringe 230,
via the fluid control device 472, to the patient P or another suitable outflow location. The fluid
control device 472 can include a one-way valve, a check valve, or any other suitable fluid control
device. A first (e.g., distal) end of the fluid control device 472 is fluidly coupled to the valve 258
of the filtering syringe 230, and a second (e.g., proximal) end of the fluid control device 472 is
fluidly coupled to the tubing section 474. In the illustrated embodiment, the fluid control device
472 is configured to allow fluid (e.g., the first material FM, Figure 3) to flow in the second
direction D2 (e.g., through the fluid control device 472 to and/or toward the patient P), and to
substantially or fully prevent fluid from flowing in the first direction D1 (e.g., opposite the

second direction D2, from the patient P toward the filtering syringe 230).

[0051] In operation, the user can couple the filtering syringe 230 to the assembly 10 (e.g.,
via the connector 128, Figure 1) and actuate the assembly 10 to aspirate the aspirated material
AM from the patient P, as described previously herein. Then, the user can close the fluid control
device 126 (Figure 1) and move the plunger 252 in the first direction D1 to filter the aspirated
material AM. Specifically, movement of the plunger 252 in the first direction D1 drives the first
material FM in the second direction D2, through the filter assembly 260, the lumen 256, and the
valve 258 and into the filtered material subsystem 470. In some embodiments, at least a portion

ol the [irst material FM can be returned to/reintroduced into the patient P via the tubing 474.
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[0052] In some aspects of the present technology, the filtering syringe 230 can remain
coupled to the filtered material subsystem 470 for one or more aspiration cycles, e.g., unless or
until the filtering syringe 230 is filled with the second material UFM (Figure 3) and/or the user
determines that the filtering syringe 230 should be cleaned/flushed. Accordingly, in at least some
aspects of the present technology, the filtering syringe 230 and the filtered material subsystem
470 are expected to form a generally or substantially closed-loop system operable to remove
aspirated material from the patient and return at least a portion of the aspirated material (e.g.. the
first material FM) to the patient P.

[0053] Figure 5 is a side view of the filtering syringe 230 of Figure 2A coupled to a filtered
material subsystem 570 in accordance with embodiments of the present technology. In the
illustrated embodiment, the filtered material subsystem 570 includes two fluid control devices
572a-b (i.e., a first fluid control device 572a and a second fluid control device 572b), two tubing
sections 574a-b (i.e., a first tubing section 574a and a second tubing section 574b), and a fluid
drive component 576. Each of the fluid control devices 572a-b can be generally similar or
identical in structure and/or function to the fluid control device 472 of Figure 4. The fluid drive
component 576 can include a syringe (e.g., “the drive syringe 576", which can be generally
similar or identical in structure and/or function to the syringe 370 of Figure 3. The first fluid
control device 5S72a can be coupled to the valve 258 of the filtering syringe 230; the first tubing
section 574a can be (i) positioned between the first fluid control device 572a and the second
fluid control device 572b, and (ii) fluidly coupled to the drive syringe 576; and the second tubing
section 574b can be fluidly coupled to the second fluid control device 572b opposite the first
tubing section 574a. In the illustrated embodiment, the first tubing section 574a is a “T-shaped™”
tubing section and the drive syringe 576 has a plunger 578 that can be withdrawn/depressed to

drive fluid in/out of the drive syringe 576.

[0054] The first and second fluid control devices 572a-b are each one-way valves
positioned to allow fluid (e.g., the first material FM, Figure 3) to flow in the second direction
D2 (e.g., from the filtering syringe 230 toward the patient P), and to substantially or fully prevent
the fluid from flowing in a direction opposite the second direction D2 (e.g., from the patient P
toward the filtering syringe 230). Accordingly, the first and second fluid control devices 572a-b
can define one or more flow paths FP (i.e., a first flow path FP1 and a second flow path FP2)
through the [iltered material subsystem 570. The drive syringe 576 is conligured to control the
flow of fluid through the filtered material subsystem 570, e.g., through the first and second flow

paths FP1, FP2. In the illustrated embodiment, for example, the user can withdraw the plunger
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578 to drive fluid along the first flow path FP1 from the filtering syringe 230, through the first
fluid control device 572a, and into the drive syringe 576. As the user withdraws the plunger 578,
the second fluid control device 572b can substantially or fully prevent the drive syringe 576 from
drawing fluid from the patient P, (e.g., because the force/pressure applied to the second fluid
control device 572b when the plunger 578 is withdrawn in a direction opposite the second

direction D2).

[0055] After the user has withdrawn the plunger 578, the user can depress the plunger 578
to drive fluid along the second flow path FP2 from the drive syringe 576, through the second
fluid control device 572b, into the second tubing section 574b, and toward the patient P. As the
user depresses the plunger 578, the first fluid control device 572a can substantially or fully
prevent the drive syringe 576 from driving fluid flow into the filtering syringe 230 (e.g., because
the force/pressure applied to the first fluid control device 572a when the user depresses the
plunger 578 is in a direction opposite the second direction D2). In some aspects of the present
technology, this can inhibit or prevent filtered material (e.g., the first material FM) from being
reintroduced into the filtering syringe 230 and/or the aspirated material AM in the filtering
syringe 230 from being driven back into the patient P (e.g., through the catheter 102; Figure 1).

[0056] In some aspects of the present technology, the user can operate the drive syringe
576 to de-air the filtered material subsystem 570 and/or the filtering syringe 230. De-airing the
filtering syringe 230 can be generally similar to the filtering process described above, but with
the drive syringe 576 drawing air and/or other fluid(s) from the filtering syringe 230 instead of
the first material FM. In further aspects of the present technology, after the user has withdrawn
the plunger 578 but before or instead of depressing the plunger 578, the user can (i) decouple the
drive syringe 576 from the first tubing section 574a, (i1) perform one or more tests on the material
within the drive syringe 576, (iii) transfer all or part of the material within the drive syringe 576
to another site and/or patient, (iv) take one or more images of the material within the drive

syringe 576, and/or flush the filtering syringe 230 and/or the drive syringe 576.

[0057] Figure 6 is a side view of the filtering syringe 230 of Figure 2A coupled to a filtered
material subsystem 670 in accordance with embodiments of the present technology. The filtered
material subsystem 670 can include aspects generally similar in structure and/or function to the
filtered material subsystem 570 of Figure 5, with like reference numbers (e.g., first tubing
section 674a versus the first tubing section 574a of Figure 5) indicating like elements.

Additionally, the filtered material subsystem 670 includes a second locking syringe 630 (“second
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syringe 6307) that can be generally similar in structure and/or function to the filtering syringe
230 (first filtering syringe 2307) of Figure 2A. In some embodiments, the second syringe 630

may not include a filtering assembly or filters.

[0058] In operation, a plunger 652 of the second syringe 630 can be withdrawn and then
locked to generate and store vacuum within the second syringe 630. Once material is aspirated
into the filtering syringe 230, the vacuum pressure in the second syringe 630 can automatically
draw some of the aspirated material toward and through the filter assembly 260 along the first
flow path FP1 such that some of the filtered blood can be drawn into the second syringe 630. To
fully filter the material from the filtering syringe 230 into the filtered material subsystem 670,
the locking component 248 can be unlocked to allow the plunger 252 to move in the first
direction D1 to equalize the pressures between the filtering syringe 230 and the second syringe
630. After the filtered material FM is drawn into the second syringe 630, the second plunger 652
can be unlocked (via, e.g.. locking component 648) and depressed to drive fluid from the second
syringe 630 along the second flow path FP2 from the second syringe 630 to and/or toward the
patient P.

[0059] Figure 7A is a side view of the filtering syringe 230 of Figure 2A coupled to a
filtered material subsystem 770 in accordance with embodiments of the present technology. The
filtered material subsystem 770 can include aspects that are generally similar in structure and/or
function to the filtered material subsystem 570 of Figure 5, with like reference numbers (e.g.,
drive syringe 776 versus the drive syringe 576 of Figure 5) indicating like elements.
Additionally, the filtered material subsystem 770 includes a fluid control device 780. The fluid
control device 780 can include a three-way valve, a stopcock, or any other suitable fluid control
device. Each of the filtering syringe 230, the drive syringe 776, and tubing section 774 can be
fluidly coupled to the fluid control device 780. The fluid control device 780 can be configured
to selectively control the flow of fluid through one or more of the flow paths FP1, FP2 within
the filtered material subsystem 770. In the illustrated embodiment, for example, the fluid control
device 780 includes an actuation element or lever 782 operable to transition the fluid control
device 780 between (i) a first configuration (shown in Figure 7A) in which the first flow path
FP1 is open (e.g., the fluid control device 780 allows fluid to flow from the filtering syringe 230
toward and/or to the drive syringe 776) and the second flow path FP2 is closed (e.g., the fluid
control device 780 partially or [ully prevents [luid {rom entering the tubing section 774), and (ii)
a second configuration (not shown) in which the first flow path FP1 is closed (e.g., the fluid

control device 780 partially or fully prevents fluid from entering the filtering syringe 230) and
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the second flow path FP2 is open (e.g., the fluid control device 780 allows fluid to flow from the

drive syringe 776 toward and/or into the tubing section 774).

[0060] In operation, the user can transition the [luid control device 780 to the first
configuration and withdraw the plunger 778 to drive fluid along the first flow path FP1, e.g.,
from the filtering syringe 230, through the fluid control device 780, and into the drive syringe
776. As the user withdraws the plunger 778, the fluid control device 780 can substantially or
fully prevent the drive syringe 776 from drawing fluid from the patient P when the tubing section
774 is fluidly coupled to the patient P (e.g.., because the second flow path FP2 is closed when
the fluid control device 780 is in the first configuration). After the user has withdrawn the plunger
778, the user can transition the fluid control device 780 from the first configuration toward and/or
to the second configuration and depress the plunger 778 to drive fluid along the second flow path
FP2 from the drive syringe 776, through the fluid control device 780, into the tubing section 774,
and toward the patient P. As the user depresses the plunger 778, the fluid control device 780 can
substantially or fully prevent the drive syringe 776 from driving fluid into the filtering syringe
230 because the first flow path FP1 is closed when the stopcock is in the second configuration.
In some embodiments, after depressing the plunger 778, the user can perform one or more
additional aspiration cycles with the filtered material subsystem 770 without disconnecting the

filtering syringe 230 or the drive syringe 776 from the fluid control device 780.

|0061] Figure 7B illustrates the filtering syringe 230 of Figure 2A coupled to the filtered
material subsystem 770 in accordance with additional embodiments of the present technology.
In Figure 7B, the drive syringe 776 (Figure 7A) has been disconnected from the fluid control
device 780 such that the fluid control device 780 has a free aperture or port 784. Additionally,
the fluid control device 780 has been transitioned to a third configuration in which fluid can flow
along a third flow path FP3, from the filtering syringe 230, through the fluid control device 780,
and toward the patient P. Accordingly, when the fluid control device 780 is in the third
configuration, the user can drive fluid through the filtered material subsystem 770 by moving
the plunger 252 in the first direction D1, as described in detail above with reference to Figure 4.
In some aspects of the present technology, the user can de-air/flush the filtering syringe 230
and/or the tubing section 774 via the free port 784. For example, the user can transition the fluid
control device 780 to the first configuration (Figure 7A) to de-air/flush the filtering syringe 230
along the first flow path FP1 (Figure 7A) and/or transition the fluid control device 780 to the
second configuration (not shown) to de-air/flush the tubing section 774 along the second flow

path FP2 (Figure 7A).
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[0062] Figure 8A is a perspective view of another plunger assembly 850 configured in
accordance with embodiments of the present technology. The plunger assembly 850 can include
at least some aspects that are generally similar or identical in structure and/or function to the
plunger assembly 250 of Figures 2A-2C, with like reference numbers (e.g., lumen 856 versus
the lumen 256 of Figures 2A-2C) indicating generally similar or identical aspects. Additionally,
in the illustrated embodiment, the plunger assembly 250 further includes a pleated filter
assembly 860. Referring to Figure 8B, in the illustrated embodiment the pleated filter assembly
860 includes a first filter 862a and a second filter 862b. In other embodiments, the pleated filter
assembly 860 can include more or fewer filters. In these and other embodiments, the pleated
filter assembly 860 can have a greater filtering surface area compared to the generally flat or
planar filters/filter assemblies. Accordingly, in some aspects of the present technology. the
pleated filter assembly 860 can have an increased filtering surface area compared to the filter
assembly 260 of Figures 2A-2C while having a generally similar or identical cross-sectional

area as the filter assembly 260.

[0063] Figures 9A and 9B are perspective views of another filtering syringe 930
configured in accordance with embodiments of the present technology. The filtering syringe 930
can include at least some aspects that are generally similar or identical in structure and/or
function to the filtering syringe 230 of Figures 2A-2C, with like reference numbers (e.g., lumen
946 versus the lumen 246 of Figure 2A) indicating generally similar or identical aspects. In the
illustrated embodiment, the filtering syringe 930 includes the plunger assembly 850 of Figure
8A. In other embodiments, the filtering syringe 930 can include the plunger assembly 250 of
Figures 2A-2C, or any other suitable plunger assembly. Additionally, the filtering syringe 930
includes a detachable cap 943 (which can also be referred to as a “locking cap,” a “twist cap,” a
“removable cap,” and the like). The detachable cap 943 can be releasably coupled to the barrel
242. Referring to Figure 9B, the detachable cap 943 can be conligured 1o matingly engage with
a coupling portion 945 of the barrel 242. In the illustrated embodiment, the coupling portion 945
includes one or more coupling slots or grooves 947, the detachable cap 943 includes one or more
tabs or protrusions 949 (which can extend radially from an inner surface of the cap 943, as shown
in Figure 9B), and each coupling slot 947 is configured to slidably receive a corresponding tab
949 to couple the detachable cap 943 to the barrel 942. In at least some embodiments, the
detachable cap 943 can include an O-ring or other sealing element (not visible in Figure 9B) that
forms a substantially fluid-impermeable seal with the barrel 942 when the detachable cap 943 is

coupled to the barrel 942, for example, to maintain a vacuum pressure generated/stored within
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the barrel 942, and/or to inhibit or prevent fluid and/or other aspirated material within the barrel

942 from leaking out the barrel 942.

[0064] In operation, a user can rotate the detachable cap 943 relative to the barrel 942
(e.g., in the direction shown by the arrow R) to couple and/or uncouple the detachable cap 943
and the barrel 942. The user can uncouple the detachable cap 943 from the barrel 942 after
performing one or more material removal cycles to, for example, flush or remove any fluid, clot
material, or other aspirated material collected within the barrel 942. After flushing/removing
material collected within the barrel 942, the user can recouple the detachable cap 943 to the
barrel 942 and use the filtering syringe 930 to perform one or more additional material removal
cycles, alone or in combination with any of the filtered material systems described in detail with

reference to Figures 3—-7B.

[0065] Figure 10 is a perspective view of another filtering syringe 1030 configured in
accordance with embodiments of the present technology. The filtering syringe 1030 can include
at least some aspects that are generally similar or identical in structure and/or function to the
filtering syringe 230 of Figure 2A-2C and/or the filtering syringe 930 of Figures 9A-9B, with
like numbers (e.g., barrel 1042 versus the barrel 242 of Figure 2A and/or the barrel 942 of Figures
9A and 9B) indicating generally similar or identical aspects. The filtering syringe 1030 can
include a plunger assembly 1050 having a first (e.g., distal) body portion 1052a and a second
(e.g., proximal) body portion 1052b. The first body portion 1052a can include the filter
assembly 860 of Figures 8A and 8B, a seal or sealing element 1054, a valve 1058 (e.g., a luer-
activated valve, a one-way valve, or the like), and/or a locking feature 1059 configured to engage
a locking component 1048 of the filtering syringe 1030. In other embodiments, the first body
portion 1052a can include the filter assembly 260 of Figures 2A-2C, or any other suitable filter
and/or filter assembly. The second body portion 1052b can include a handle 1051, a plunger
1052b1, and/or a tip 1055. The tip 1055 can be configured to couple (e.g., fluidly coupled) to the
valve 1058, such that the second body portion 1052b can be coupled/connected to the first body
portion 1052a.

[0066] In the illustrated embodiment, the second body portion 1052b includes a syringe
(“'syringe 1052b™), such as a 30cc luer-lock syringe, or any other suitable syringe, including any
of the filtering syringes described herein. In these and other embodiments, the syringe 1052b can
have an internal volume less than, equal to, or greater than an interal volume of the barrel 1042.

The tip 1055 of the syringe 1052b can be coupled to the first body portion 1052a, such that
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movement of the syringe 1052b can cause corresponding movement of the first body portion
1052a. In operation, for example, the plunger assembly 1050 (e.g., the syringe 1052b) can be
drawn (e.g., proximally, by a user) relative to the barrel 1042 to generate and/or store a vacuum
within the filtering syringe 1030, as described previously with reference to Figures 1-2C.
Continuing to move the plunger assembly 1050 can cause the locking component 1048 to engage
the locking feature 1059 of the first body portion 1052a, for example, to lock the plunger
assembly 1050 relative to the barrel assembly 1040 and store a vacuum within the barrel 1042,
as described previously regarding Figures 2A—-2C. Once a vacuum has been generated and/or
stored within the filtering syringe 1030, the filtering syringe 1030 can be used to perform one or
more material removal cycles, for example, as described previously with reference to Figures 1—
2C, and/or alone or in combination with any of the filtered material systems described in detail
with reference to Figures 3—7B. After the filtering syringe 1030 has been used to perform a
material removal cycle, at least a portion of the aspirated material within the barrel 1042 can be
filtered by actuating the plunger 1052bi of the syringe 1052b to draw material (e.g., blood)
through the filter assembly 860 and into the syringe 1052b via the valve 1058. In at least some
embodiments, the syringe 1052b can be configured such that all or substantially all of the
aspirated blood within the barrel 1042 can be filtered and drawn into the syringe 1052b.
Additionally, or alternatively, the syringe 1052b can be advanced toward the aspirated material
within the barrel 1042 to filter material within the barrel 1042. In these and other embodiments,
because the first body portion 1052a sealingly engages the barrel 1042, withdrawing the plunger
1052b1 proximally can cause a corresponding distal movement of the syringe 1052b and the first
body portion 1052a within the barrel 1042 as blood is filtered and drawn into the syringe 1052b.
Similarly, moving the syringe 1052b distally can cause a corresponding proximal movement of
the plunger 1052bi1. Once at least a portion of the filtered material is drawn into the syringe
1052b, the syringe 1052b can then be disconnected from the first body portion 1052a and the
filtered material (e.g., blood) within the syringe 1052b can be, for example, retumed to the

patient.

[0067] Figure 11A is a perspective view of another filtering syringe 1130 configured in
accordance with embodiments of the present technology. Figure 11B is an enlarged perspective
view of a distal portion 11B of the filtering syringe 1130 in accordance with embodiments of the
present technology. Referring to Figures 11A and 11B together, the filtering syringe 1130 can
include at least some aspects that are generally similar or identical in structure and/or function

to the filtering syringe 230 of Figure 2A-2C, the filtering syringe 930 of Figures 9A-9B, and/or

21-

-175-



WO 2023/192925 PCT/US2023/065128

the filtering syringe 1030 of Figure 10, with like numbers (e.g., barrel assembly 1140 versus the
barrel assembly 240 of Figure 2A, the barrel assembly 940 of Figures 9A and 9B, and/or the
barrel assembly 1040 of Figure 10) indicating generally similar or identical aspects. The filtering
syringe 1130 can include the barrel assembly 1140, a plunger assembly 1150, and a filtered
material subsystem 1170. The filtered material subsystem 1170 can be fluidly coupled to the
plunger assembly 1150. The plunger assembly 1150 can include a plunger 1152 that can be
slidably received within the barrel assembly 1140. The plunger 1152 can include a filter
assembly 1160 and a seal 1154. In the illustrated embodiment, the filter assembly 1160 is seated
at least partially within the plunger 1152 proximal to a first or distal end portion 1153a of the
plunger 1152 and distal from the seal 1154. In other embodiments, the filter assembly 1160 can

have another suitable position.

[0068] Figure 11C is a perspective view of the filter assembly 1160 in accordance with
embodiments of the present technology. The filter assembly 1160 can include an annular filter
1162 defining a central space 1164. The annular filter 1162 can be configured to allow flow of
select fluids (e.g., blood) across the annular filter 1162 toward and/or away from the central
space 1164, such as radially outwardly or inwardly relative to a longitudinal axis X of the annular
filter 1162. In the illustrated embodiment, the annular filter 1162 includes one or more folds or
pleats 1166, each of which can increase a surface area of the annular filter 1162 while
maintaining a generally compact formfactor. In some aspects of the present technology, the
pleats 1166 and/or the increased surface area of the annular filter 1162 associated therewith are
expected to reduce or prevent blockages, clogs, and/or other reductions of fluid flow through the
annular filter 1162, which can increase the number of filtrations performed before replacement
of the annular filter 1162.

[0069] Figure 11D is an enlarged side cross-sectional view of the filtering syringe 1130
taken along section line 11D-11D in Figure 11B in accordance with embodiments of the present
technology. The first end portion 1153a of the plunger 1152 can at least partially define a first
or distal chamber portion 1141a on a first (e.g., distal) side of the first end portion 1153a and a
second or proximal portion chamber portion 1141b on a second (e.g.. proximal) side of the first
end portion 1153a opposite the first side. A lateral-most edge 1168 of the first end portion 1153a
can have a dimension (e.g., a diameter) less than a corresponding dimension (e.g., a dimeter) of
an inner surface 1190 of the barrel 1142, such thal the lateral-most edge 1168 can be spaced
apart from an inner surface 1190 of the barrel 1142 to define a gap or fluid passage 1192 that
fluidly couples the first chamber portion 1141a and the second chamber portion 1141b. The

2.

-176-



WO 2023/192925 PCT/US2023/065128

annular filter 1162 can be carried by the plunger 1152 and can be positioned at least partially
within the second chamber portion 1141b, such as with the central space 1164 of the annular
filter 1162 at least partially aligned with a lumen 1156 of the plunger 1152, and/or such that all
or substantially all fluid within the barrel 1142 that enters the lumen 1156 must pass through the
annular filter 1162. In the illustrated embodiment, the annular filter 1162 is radially inward from
the lateral-most edge 1168, such that the lateral-most edge 1168 overhangs or otherwise extends

radially outward relative to the annular filter 1162.

[0070] During a procedure, aspirated material AM including blood and/or clot material
can be drawn into the first chamber portion 1141a of the barrel 1142. The plunger 1152 can be
advanced in the first direction D1 and/or a vacuum can be applied to the lumen 1156 to cause at
least some material (e.g., blood) within the first chamber portion 1141a to flow through the gap
1192, into the second chamber portion 1141b, at least partially through the annular filter 1162,
into the central space 1164 of the annular filter 1162, and/or into the lumen 1156, such as shown
by flow path arrow FP in Figure 11D. The material (e.g., blood) within the lumen 1156 can flow
into the filtered material subsystem 1170 and/or be returned to the patient P, including via any
of the techniques described previously herein. The first end portion 1153a and/or the gap 1192
between the first chamber portion 1141a and the second chamber portion 1141b are expected to
prevent at least a portion of the aspirated material AM (e.g., at least some aspirated clot material)
from entering the second chamber portion 1141b and/or otherwise reduce or prevent contact
between the aspirated material AM and the annular filter 1162, without or substantially without
inhibiting the flow of other material (e.g., blood) between the first chamber portion 1141a and
the second chamber portion 1141b. This, in turn, is expected to reduce or prevent clogs or other
obstructions to fluid flow through the annular filter 1162. Accordingly, the first end portion
1153a and/or the gap 1192 can be configured to provide a first filtering stage that inhibits or
prevents relatively large material [rom entering the second chamber portion 1141b while the
annular filter 1162 can provide a second filtering stage that inhibits or prevents relatively smaller

material from entering the lumen 1156.

[0071] Figure 12A is a perspective view of a plunger assembly 1250 of another filtering
syringe configured in accordance with embodiments of the present technology. At least some
aspects of the plunger assembly 1250 can be at least generally similar or identical in structure
and/or [unction to one or more of the plunger assemblies 250, 850, 1050, 1150 described

previously herein. For example, the plunger assembly 1250 includes a plunger 1252 configured
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to carry one or more filters 1162 (Figure 12B). However, a first or distal end portion 1253a of

the plunger 1252 includes one or more holes or apertures 1292.

[0072] Figure 12B is a cross-sectional view of the plunger assembly 1250 of Figure 12A
taken along section line 12B—12B in Figure 11B. In Figure 12B, the plunger assembly 1250 is
shown positioned within a barrel 1242 of a filtering syringe 1230, in accordance with
embodiments of the present technology. As best seen in Figure 12B, the plunger 1252 defines a
filter chamber 1294 configured to receive the annular filter 1162 and a lumen 1256 that can be
fluidly coupled to the filtered material subsystem 1170 and/or the patient. The holes 1292 formed
in the first end portion 1253a of the plunger 1252 can be configured to allow fluid
communication between the filter chamber 1294 (e.g., the central space 1164 of the annular filter
1162) and the exterior of the plunger 1252 (e.g., the interior of the barrel 1242). More
specifically, when the annular filter 1162 is positioned within the filter chamber 1294, individual
ones of the holes 1292 can allow at least some of the aspirated material AM within the barrel
1242 (including, e.g., blood and/or other fluids) to flow into the central space 1164 of the annular
filter 1162. A proximal end portion 1263 of the filter 1162 can be sealed so that at least some of
the aspirated material AM that passes through the holes 1292 is caught within the central space
1164, e.g., and does not pass through the filter 1162 into the filter chamber 1294 and/or the
lumen 1256. A distal end portion 1265 of the filter 1162 can be coupled to at least part of the
first end portion 1253a, e.g., to prevent, or at least partially prevent, the aspirated material AM
from entering the filter chamber 1294 without passing through the central space 1164 of the
annular filter 1162.

[0073] During a procedure, the plunger 1252 can be moved the first direction D1 relative
to the barrel 1242 to force at least some of the aspirated material AM through individual ones of
the holes 1292 and/or into the central space 1164. As the aspirated material AM collects within
the central space 1164, the filter 1162 can separate blood and/or other fluids contained within
the aspirated material AM from the aspirated material AM. Because the proximal and distal end
portions 1263, 1265 of the annular filter 1162 are sealed, the blood and/or other fluids can be
separated by causing the blood and/or other fluids to flow outwardly from the central space 1164
across the filter 1162. For example, moving the plunger 1252 in the first direction D1 relative to
the barrel 1242 can force the blood and/or other fluids across the filter 1162, into a space between
the filter 1162 and the [ilter chamber 1294, and into and/or through at least a portion ol the lumen
1256. The blood and/or other fluids within the lumen 1256 can flow to the filtered material
subsystem 1170 and/or be returned to the patient P.
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[0074] Accordingly, in some aspects of the present technology, a filtering syringe can be
coupled to a catheter subsystem insertable within a patient. The filtering syringe can aspirate
material (e.g., clot material, blood, etc.) from a patient via the catheter subsystem. The filtering
syringe can include a plunger assembly, and the plunger assembly can include one or more
filters. Individual ones of the filters can be configured to (i) allow at least a first portion of
aspirated material to pass through at least one of the filters, and (ii) prevent at least a second
portion of the aspirated material from passing through at least one of the filters. In some
embodiments, for example, the filters are configured to (i) allow blood to pass through the filters,
and (i1) prevent clot material from passing through the filters, such that the filters can “filter”
blood from the other material aspirated from the patient. In some embodiments, the filtering
syringe is fluidly coupled to a filtered material subsystem. The filtered material subsystem can
include one or more valves and/or tubing sections that can fluidly couple the filtering syringe to
the patient or another suitable fluid (e.g., blood) outflow location. The filtered material
subsystem can (i) capture/receive all or part of the first portion of the aspirated material filtered
by the filtering syringe, and/or (ii) return/reintroduce all or part of the first portion of the

aspirated material into the patient.

[0075] Several aspects of the present technology are set forth in the following examples:

1. A filtering syringe for treatment of clot material from within a blood vessel of a

patient, the filtering syringe comprising:

a barrel defining a chamber configured to receive at least a portion of the clot material
and blood from the human patient;

a plunger assembly having a first end portion and a second end portion opposite the first
end portion, wherein the plunger assembly includes a filter proximate to the first
end portion, a port proximate to the second end portion, and alumen therebetween
and fluidly coupling the filter and the port;

wherein at least the first end portion of the plunger assembly is insertable within the
chamber and slidable relative to the barrel; and

wherein the filter is confligured to allow at least part of the blood received within the
chamber to separate from the portion of the clot material and enter the lumen of

the plunger assembly.
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2. The filtering syringe of example 1, further comprising a tip configured to fluidly

couple the filtering syringe to a clot treatment system.

3. The filtering syringe of example 1 or example 2 wherein the filter has a circular,

annular, cylindrical, and/or pleated shape.

4. The filtering syringe of any of examples 1-3 wherein the filter has a porosity

between about 40 microns and about 200 microns.

5. The filtering syringe of any of examples 1-4 wherein the filter includes at least

one of a polyester, a polyamide, and/or a hemocompatible material.

6. The filtering syringe of any of examples 1-5 wherein the filter is a first filter

having a first porosity, the filtering syringe further comprising a second filter having a second

porosity.

7. The filtering syringe of example 6 wherein the first porosity is different than the
first porosity.

8. The filtering syringe of example 6 wherein the first porosity is the same as the

second porosity.

9. The filtering syringe of any of examples 6-8 wherein the second filter is

positioned proximate the first end portion of the plunger assembly.

10. The filtering syringe of any of examples 6-9 wherein the second filter is spaced

apart from the first filter.

11. The filtering syringe of any of examples 1-10 wherein the port includes a luer-

activated valve.

12. The filtering syringe of any of examples 1-11 wherein the first end portion of the

plunger assembly is a distal end portion of the plunger assembly and the second end portion is a
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proximal end portion of the plunger assembly, wherein the filter is positioned proximally from

the distal end portion.

13. The filtering syringe of any of examples 1-12 wherein the chamber includes an
inner surface, and wherein first end portion of the plunger assembly is radially spaced apart from
chamber such that the barrel assembly and the plunger assembly at least partially define (i) a
first chamber portion positioned on a first side of the first end portion of the plunger assembly,
(i1) a second chamber portion positioned on a second side of the first end portion of the plunger
assembly, the second side opposite the first side, and (iii) a gap fluidly coupling the first chamber

portion and the second chamber portion.

14. The filtering syringe of example 13 wherein the filter is positioned in the second
chamber portion, wherein the first chamber portion is configured to receive at least the portion
of the clot material from the patient, wherein the gap is conligured 1o at least partially prevent
the portion of the clot material from entering the second chamber portion, and wherein the filter

is configured to allow blood within the second chamber portion to enter the lumen.

15. The filtering syringe of any of examples 1-14 wherein the first end portion of the
plunger assembly is configured to at least partially prevent contact between the filter and the

portion of the clot material.

16. The filtering syringe of any of examples 1-15 wherein the plunger assembly
defines a filter chamber configured to receive the filter, and wherein the first end portion of the

plunger assembly includes one or more holes in fluid communication with the filter chamber.
17. The filtering syringe ol example 16 wherein the [ilter is an annular [ilter defining
a central space, and wherein individual ones of the one or more holes are positioned to direct at

least a portion of the clot material and/or the blood received from the patient into the central

space.
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18. A system for intravascular treatment of clot material from within a blood vessel
of a human patient, the system comprising:
a catheter configured to be intravascularly positioned at a treatment site proximate to the
clot material within the blood vessel;
a filtering syringe configured to generate negative pressure, wherein the filtering syringe
includes—

a tip configured to be fluidly coupled to the catheter to receive at least a portion
of the clot material and blood from within the blood vessel via the
catheter, and

a filter assembly including one or more filters configured to filter the blood from

the portion of the clot material.

19. The system of example 18, further comprising a filtered material system fluidly

coupled to the filtering syringe and configured to receive at least a portion of the filtered blood.

20. The system of example 19, wherein the filtered material system includes a fluid
drive component operable to drive flow of the filtered blood through at least part of the filtered

material system.

21. The system of example 20 wherein the filtered material system includes at least
one flow path, and wherein fluid drive component is operable to drive the flow of the filtered

blood through the at least one flow path.

22. The system of example 21 wherein the at least one flow path is configured to

direct fluid flow away from the filtering syringe.

23. The system of any of examples 19-22 wherein the filtering syringe further
includes a valve opposite the tip, wherein the filtered material system includes (i) a fluid control
device fluidly coupled to the valve and (i1) tubing fluidly coupled to the fluid control device, and
wherein the fluid control device is configured to at least partially prevent filtered blood within

the tubing from entering the filtering syringe.
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24. A method for removing clot material from within a blood vessel of a human
patient, the method comprising:

positioning a distal portion of a catheter proximate to the clot material within the blood
vessel;

coupling a filtering and pressure-generating syringe to the catheter via a fluid control
device, wherein (i) opening of the fluid control device fluidly connects the
filtering and pressure-generating syringe to the catheter, and (i1) closing the fluid
control device fluidly disconnects the filtering and pressure-generating syringe
from the catheter;

activating the syringe to generate a vacuum while the fluid control device is closed,

opening the fluid control device to apply the vacuum to the catheter to thereby aspirate
at least a portion of the clot material into the catheter; and

filtering blood from the portion of the clot material via a filter of the syringe.

25. The method of example 24 wherein filtering the blood includes moving a plunger

of the syringe to cause the filter to move toward the portion of the clot material.

26. The method of example 24 or example 25 wherein filtering the blood includes
actuating a fluid drive component of a filtered material system to cause the blood to flow through

the filter proximally toward the fluid drive component.

27. A filtering syringe for removing target material from within a human patient, the

filtering syringe comprising:

a barrel defining a chamber configured to receive at least a portion of the target material
and fluid from the human patient;

a plunger assembly having a first end portion and a second end portion opposite the first
end portion, wherein the plunger assembly includes a filter proximate to the first
end portion, a valve proximate to the second end portion, and a lumen
therebetween and fluidly coupling the filter and the valve;

wherein at least the first end portion of the plunger assembly is insertable within the
chamber and slidable relative to the barrel; and

wherein the filter is configured to allow at least part of the fluid received within the

chamber to pass through the filter and enter the lumen of the plunger assembly.
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28. The filtering syringe of example 27 wherein the fluid includes blood.

29. The filtering syringe of example 27 or example 28 wherein the target material

includes clot material.

30. A filtering syringe for treating a human patient, comprising:

a barrel defining a chamber configured to receive first material and second material from
within the human patient;

a plunger assembly having a first end portion and a second end portion opposite the first
end portion, wherein the plunger assembly includes a filter proximate to the first
end portion, a valve proximate to the second end portion, and a lumen
therebetween and fluidly coupling the filter and the valve;

wherein at least the first end portion of the plunger assembly is insertable within the
chamber and slidable relative to the barrel; and

wherein the filter is configured to (i) allow at least part of the first material received
within the chamber to pass through the filter and enter the lumen of the plunger
assembly, and (i1) prevent at least part of the second material received within the

chamber from passing through the filter.

31. The filtering syringe of example 30 wherein the first material includes blood.

32. The filtering syringe of example 30 or example 31 wherein the second material

includes clot material.

33. A filtering syringe for treating a human patient, comprising:

a barrel delining a chamber confligured to receive first material and second material [rom
within the human patient; and

a plunger assembly including a first body portion and a second body portion, wherein the
first body portion includes a filter and a valve, and wherein the second body
portion defines an interior chamber and is detachably couplable to the first body
portion via the valve;

wherein at least part of the first body portion and the second body portion are insertable

within the chamber and slidable relative to the barrel; and
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wherein the filter is configured to allow at least part of the first material received within
the chamber to pass through the filter and into the interior chamber of the second

body portion.

34. The filtering syringe of example 33 wherein the second body portion comprises
a syringe including a plunger operable to draw at least part of the first material within the

chamber through the filter and into the interior chamber of the syringe.

35. The filtering syringe of example 34 wherein the syringe includes a tip, and
wherein the valve of the first body portion is configured to matingly engage the tip of the syringe

to fluidly couple the chamber of the barrel to the interior chamber of the syringe.

36. The filtering syringe of any of examples 33-35 wherein the first material includes

blood.

37. The filtering syringe of any of examples 33-36 wherein the second material

includes clot material.

[0076] The above detailed descriptions of embodiments of the technology are not intended
to be exhaustive or to limit the technology to the precise form disclosed above. Although specific
embodiments of, and examples for, the technology are described above for illustrative purposes,
various equivalent modifications are possible within the scope of the technology. as those skilled
in the relevant art will recognize. For example, although steps are presented in a given order,
alternative embodiments may perform steps in a different order. The various embodiments

described herein may also be combined to provide further embodiments.

[0077] From the foregoing, it will be appreciated that specific embodiments of the
technology have been described herein for purposes of illustration, but well-known structures
and functions have not been shown or described in detail to avoid unnecessarily obscuring the
description of the embodiments of the technology. Where the context permits, singular or plural

terms may also include the plural or singular term, respectively.

[0078] Moreover, unless the word “or” is expressly limited to mean only a single item
exclusive [rom the other items in relerence (o a list of two or more ilems, then the use of “or” in

such a list is to be interpreted as including (a) any single item in the list, (b) all of the items in
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the list, or (¢) any combination of the items in the list. Additionally, the term “comprising” is
used throughout to mean including at least the recited feature(s) such that any greater number of
the same feature and/or additional types of other features are not precluded. It will also be
appreciated that specific embodiments have been described herein for purposes of illustration
but that various modifications may be made without deviating from the technology. Further,
while advantages associated with some embodiments of the technology have been described in
the context of those embodiments, other embodiments may also exhibit such advantages., and
not all embodiments need necessarily exhibit such advantages to fall within the scope of the
technology. Accordingly, the disclosure and associated technology can encompass other

embodiments not expressly shown or described herein.
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CLAIMS

I/We claim:

L. A filtering syringe for treatment of clot material from within a blood vessel of a
patient, the filtering syringe comprising:

a barrel defining a chamber configured to receive at least a portion of the clot material
and blood from the patient; and

a plunger assembly having a first end portion and a second end portion opposite the first
end portion, wherein the plunger assembly includes a filter proximate to the first
end portion, a port proximate to the second end portion, and a lumen therebetween
and fluidly coupling the filter and the port;

wherein at least the first end portion of the plunger assembly is insertable within the
chamber and slidable relative to the barrel; and

wherein the filter is configured to allow at least part of the blood received within the
chamber to separate from the portion of the clot material and enter the lumen of

the plunger assembly.

2. The filtering syringe of claim 1, further comprising a tip configured to fluidly

couple the filtering syringe to a clot treatment system.

3. The filtering syringe of claim 1 wherein the filter has a circular, annular,

cylindrical, and/or pleated shape.

4. The filtering syringe of claim 1 wherein the filter has a porosity between about

40 microns and about 200 microns.

5. The filtering syringe of claim 1 wherein the filter includes at least one of a

polyester, a polyamide, and/or a hemocompatible material.

6. The filtering syringe of claim 1 wherein the filter is a first filter having a first

porosity, the filtering syringe further comprising a second filter having a second porosity.
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7. The filtering syringe of claim 6 wherein the first porosity is different than the first
porosity.

8. The filtering syringe of claim 6 wherein the first porosity is the same as the second
porosity.

9. The filtering syringe of claim 6 wherein the second filter is positioned proximate

the first end portion of the plunger assembly.

10. The filtering syringe of claim 6 wherein the second filter is spaced apart from the
first filter.

1L The filtering syringe of claim 1 wherein the port includes a luer-activated valve.

12. The filtering svringe of claim 1 wherein the first end portion of the plunger

assembly is a distal end portion of the plunger assembly and the second end portion is a proximal
end portion of the plunger assembly, wherein the filter is positioned proximally from the distal

end portion.

13. The filtering syringe of claim 1 wherein the chamber includes an inner surface,
and wherein first end portion of the plunger assembly is radially spaced apart from chamber such
that the barrel assembly and the plunger assembly at least partially define (i) a first chamber
portion positioned on a first side of the first end portion of the plunger assembly, (ii) a second
chamber portion positioned on a second side of the first end portion of the plunger assembly, the
second side opposite the first side, and (ii1) a gap fluidly coupling the first chamber portion and

the second chamber portion.

14. The filtering syringe of claim 13 wherein the filter is positioned in the second
chamber portion, wherein the first chamber portion is configured to receive at least the portion
of the clot material from the patient, wherein the gap is configured to at least partially prevent
the portion of the clot material from entering the second chamber portion, and wherein the filter

is configured to allow blood within the second chamber portion to enter the lumen.
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15. The filtering syringe of claim 1 wherein the first end portion of the plunger
assembly is configured to at least partially prevent contact between the filter and the portion of

the clot material.

16. The filtering syringe of claim 1 wherein the plunger assembly defines a filter
chamber configured to receive the filter, and wherein the first end portion of the plunger

assembly includes one or more holes in fluid communication with the filter chamber.

17. The filtering syringe of claim 16 wherein the filter is an annular filter defining a
central space, and wherein individual ones of the one or more holes are positioned to direct at
least a portion of the clot material and/or the blood received from the patient into the central

space.

18. A system for intravascular treatment of clot material from within a blood vessel
of a human patient, the system comprising:
a catheter configured to be intravascularly positioned at a treatment site proximate to the
clot material within the blood vessel; and
a filtering syringe configured to generate negative pressure, wherein the filtering syringe
includes—

a tip configured to be fluidly coupled to the catheter to receive at least a portion
of the clot material and blood from within the blood vessel via the
catheter, and

a filter assembly including one or more filters configured to filter the blood from

the portion of the clot material.

19. The system of claim 18, further comprising a filtered material system fluidly

coupled to the filtering syringe and configured to receive at least a portion of the filtered blood.

20. The system of claim 19, wherein the filtered material system includes a fluid drive
component operable to drive flow of the filtered blood through at least part of the filtered material

system.
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21. The system of claim 20 wherein the filtered material system includes at least one
flow path, and wherein fluid drive component is operable to drive the flow of the filtered blood

through the at least one flow path.

22. The system of claim 21 wherein the at least one flow path is configured to direct

fluid flow away from the filtering syringe.

23. The system of claim 19 wherein the filtering syringe further includes a valve
opposite the tip, wherein the filtered material system includes (i) a fluid control device fluidly
coupled to the valve and (ii) tubing fluidly coupled to the fluid control device, and wherein the
fluid control device is configured to at least partially prevent filtered blood within the tubing

from entering the filtering syringe.

24. A method for removing clot material from within a blood vessel of a human
patient, the method comprising:

positioning a distal portion of a catheter proximate to the clot material within the blood
vessel;

coupling a filtering and pressure-generating syringe to the catheter via a fluid control
device, wherein (1) opening of the fluid control device fluidly connects the
filtering and pressure-generating syringe to the catheter, and (ii) closing the fluid
control device fluidly disconnects the filtering and pressure-generating syringe
from the catheter;

activating the syringe to generate a vacuum while the fluid control device is closed;

opening the fluid control device to apply the vacuum to the catheter to thereby aspirate
at least a portion of the clot material into the catheter; and

filtering blood from the portion of the clot material via a filter of the syringe.

25. The method of claim 24 wherein filtering the blood includes moving a plunger of

the syringe to cause the filter to move toward the portion of the clot material.
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26. The method of claim 24 wherein filtering the blood includes actuating a fluid
drive component of a filtered material system to cause the blood to flow through the filter

proximally toward the fluid drive component.

27. A filtering syringe for removing target material from within a human patient, the
filtering syringe comprising:

a barrel defining a chamber configured to receive at least a portion of the target material
and fluid from the human patient; and

a plunger assembly having a first end portion and a second end portion opposite the first
end portion, wherein the plunger assembly includes a [ilter proximate to the [irst
end portion, a valve proximate to the second end portion, and a lumen
therebetween and fluidly coupling the filter and the valve;

wherein at least the first end portion of the plunger assembly is insertable within the
chamber and slidable relative to the barrel; and

wherein the filter is configured to allow at least part of the fluid received within the

chamber to pass through the filter and enter the lumen of the plunger assembly.

28. The filtering syringe of claim 27 wherein the fluid includes blood.

29. The filtering syringe of claim 27 wherein the target material includes clot
material.
30. A filtering syringe for treating a human patient, comprising:

a barrel defining a chamber configured to receive first material and second material from
within the human patient; and

a plunger assembly having a first end portion and a second end portion opposite the first
end portion, wherein the plunger assembly includes a filter proximate to the first
end portion, a valve proximate to the second end portion, and a lumen
therebetween and fluidly coupling the filter and the valve;

wherein at least the first end portion of the plunger assembly is insertable within the
chamber and slidable relative to the barrel; and

wherein the filter is configured to (i) allow at least part of the first material received

within the chamber to pass through the filter and enter the lumen of the plunger
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assembly, and (i1) prevent at least part of the second material received within the

chamber from passing through the filter.

31. The filtering syringe of claim 30 wherein the first material includes blood.

32. The filtering syringe of claim 30 wherein the second material includes clot
material.

33. A filtering syringe for treating a human patient, comprising:

a barrel defining a chamber configured to receive first material and second material from
within the human patient; and

a plunger assembly including a first body portion and a second body portion, wherein the
first body portion includes a filter and a valve, and wherein the second body
portion defines an interior chamber and is detachably couplable to the first body
portion via the valve;

wherein at least part of the first body portion and the second body portion are insertable
within the chamber and slidable relative to the barrel; and

wherein the filter is configured to allow at least part of the first material received within
the chamber to pass through the filter and into the interior chamber of the second

body portion.

34. The filtering syringe of claim 33 wherein the second body portion comprises a
syringe including a plunger operable to draw at least part of the first material within the chamber

through the filter and into the interior chamber of the syringe.

35. The filtering syringe of claim 34 wherein the syringe includes a tip, and wherein
the valve of the first body portion is configured to matingly engage the tip of the syringe to

fluidly couple the chamber of the barrel to the interior chamber of the syringe.

36. The filtering syringe of claim 33 wherein the [irst material includes blood.
37. The filtering syringe of claim 33 wherein the second material includes clot.
_38-

-192-



PCT/US2023/065128

WO 2023/192925

1/14

I "OId

(s)891n0g aInssaly

el

wajsAsqns

[ELSJEN PRJB)IS
[, _—=d

d
Juoned

Ko

00}

~
~

L1701

-193-



WO 2023/192925

2/14

-194-

PCT/US2023/065128

FIG. 24



WO 2023/192925 PCT/US2023/065128

3/14
250 ~
N\
)
260 —
FIG. 2B
250 ~
26. 0 257a 258
. B E{D
= )
Q i d 253b
256

262a 2620 953,

FIG. 2C

-195-



PCT/US2023/065128

WO 2023/192925

4/14

E°DIA
g 8

| Vi

Y
e S
// _ -
Mﬂr.!! -

= >

o)

R0z

-196-



PCT/US2023/065128

WO 2023/192925

5/14

Iavlki

-197-



WO 2023/192925

PCT/US2023/065128

6/14
( )
578\
576
p2 > Do

-198-

————————



PCT/US2023/065128

7/14

WO 2023/192925

ep/9 Kv

(e
.
/

Y
&
~

|||||||

8¢

- - -
(9]
o
N

%4

Hl]lHl'llll[llH,HH[HII,HH'HH L

77\
CI)HH,HH]HH,I

-199-



PCT/US2023/065128

WO 2023/192925

8/14

776

778

“ T =7->»
FP2

780

FP1

FIG. 7B

-200-



WO 2023/192925

853a

)/)Y
860 =

PCT/US2023/065128
9/14
851
850
N 853b
L \‘ —
N \l —
856
852
854
FIG. 84
-
| P g62
8620

AN

FIG. 8B

-201-



10/14

FIG. 94

-202-



0 2023/192925

&

\@\

/\

-203-

N s
0)‘\

X

()
—
Lo
Lo
()
\ ~
()
o
()
X —

PCT/US2023/065128

FIG. 10



WO 2023/192925

12/14

PCT/US2023/065128

”

FIG. 114
150 1130
1154
i \
=~ a\
'/_,Kl I 1}0 Y )
A \ ,
amm=y |
M2\
1160
FIG. 11B

-204-



WO 2023/192925

13/14

PCT/US2023/065128

FIG. 11C

D1
- r
1162 1154 1152
] ] J

N N N N N N S, N
N s, S N N N N
S N N S N N\ N

—_— - =}

______

______

-205-

b FIG. 11D



WO 2023/192925

1292

14/14

PCT/US2023/065128

FIG. 124

1%94

1252
]

1256
[_@ﬁ&{_
| P |

3
r———'———l
i 170 |
|
g
_>_<.> _____ |
- 1263

FIG. 12B

-206-



150

(ol i
L

L A Oa] [5]

fay 4 22

g e

=

X
N
L

Al

o
z m
m\\\\\\\A w,.» g%
L “
P Aot
Ferr \\\\s\v

P

-207-

%,
ik
]
i
%
7
3 grren 5%
e
5.7 sgprrs )
IEETS ol
?\. 7o wrzr 7
7 ery e &
(a4 e v
25% g P
o0 sy i
Geor 2
7 22
w\\w w\\\u i
.\ ’ b 2%
Yo %5 .
proi oo
7 7% 2
R
L
o
“ 7}
“Z AR




P
4

K

S

wh o
Sl

-208-



-209-



2
@ @ iz
] ; 4.
- 7
@ Z

v
i

s

s vaneiay

s Ao
LT W

‘
1 £4
F
o
2
% s
b “l
o £
: 3
p v

Z
r £
i " %
b ) i
AN = i
L [ i “ = ;

-210-



SN

A HED

bt

-211-




\\A
b

(g
)
y

%
e,

]
4

“urdf

—_—
i
g,

resrse,

2

-

7
1
:

eeend

H
H
‘.

P2
5

peecee,

H
i

]

brrrrrd

Srrrerd

]

.
avnat
LaMatil

B

N

&

sheves &

-212-



T d
Wt

o

i3

7

.

-213-



H

e
L

Bl

2 P
Qe

& 8

.,
e

VRV,

A8

W

e

ped

N

JUNY
Y AT

-214-

B33

&

% .
s 24
5

e i




O

AR

~

<
X

N v
Tademant
st

o

i/

i

o

5
51

W

Ty

a3

EHN

W &,

As i

-215-



Rima

AN

and

a0

ST IOGH

(432

A

i

=X

N

Lagk

N

N

15

=R

&

-216-



-

y npe g
PR i i
LS ) Ao W
o
peenessesenrt®,
z v

e

Gyt
» Y
el Testy
o K7
£ 5
; W
g o ,
Fé ) 7
7 %
P v 7z,
g GEEe w25
v,
%

N

— “orr,

-217-



L OPC - INV. ABTM 28/00, ABTM 20882, ADD. ASTM
o 20250687, ASTM 20250681, A8 20177347
IPGE) - INV. ABTM 29/00; ADD. ASTM 25/00 {2023.01)

07 September 2023 {(07.08.2023)

iepe- NV AGTM 2800, ASTM 25/0882; ADD. Ag1M
1 202570887, AGTM 2025/0881, AG1R 2017054
OS] - INV. ABTM 28/00; ADD. ABTM 25/00
(202301}

Documentation

L Va;y’“, different, gradient, ncreas™, decreas”, stiffness,
Sgarch i flexin®, durometer, dilator, shafl, tube, notch, notches,
i indent™, groove¥, hardness, vascutar, sheath, calhe‘*m

Date Conducted | 07 September 2023 (07.09.2023)

ot FatBase

Fullb-texh AUBERR CACHON DE DKEPESHFIFR GB
INJP KR SE THTWUS WO
Bibliographic; {Europe) AT BA BE BG CH CE CY CZ DD
OKEE ESHIGE GRHRRUIE IS ITLY LU LV MC MD
TMT NLUNOG PLPT RO RE SE ST SKSM TR UA YU (Asia)
CTEAGOHKIDIUUINKIMNMY PHRUSG SUTHTITW
U2 VN (North Ameriea) CA CR CU DO GT HN MXNEPA
2 SV TT {(South America) AR BR CL CO EC PE UY
O {Australasia) AU NE (Africa) AP DZ BG KE MA MW OA
IR ZM W

107 Ssptember 2023 (07.08.2023)

S,

Search query Rasulls
PR={USZ008312788 AR} 1
CTB 1orOTF 4 &7
2 and FT={{vary™ or differgnt or gradient or increas™ or decreas™) NEAR (stiffness or
fﬁwab or duromelar}) 25
4 3 and FT={{diiator or shaft or tube) NEAR {nofch or nofches or indert™ or groove®))
5
5 3 and FT={dilatoer¥ WP {{vary” or different or gradient or increas® or decreas™) NEAR

-218-



{stiffness or flexib™ or durometeny)y 8

& PN={US2016220741 AA) 1

7 PRN={US2018220741 AA) 1

8 CTRB7orCTF 7 881

8 8 and Fi={dilator’ WP {{vany” or different or gradient or increas™ or decreas™) NEAR

{stiffnass or flexib” or duromaten))) 18

18 9 and FT={{dilator or shaf or tube} NEAR {notch or notches or indent” or groove¥))
4

11 CPU=ASTM 2025/0887 196

12 11 and FT={dator% WP {vary® or different or gradient or increas”™ or decreas™) NEAR

{sliffress or flexib™ or dwrometern))) 18

13 12 and Fi=sliffness 12

14 12 and FT={duromster or hardness} 9

15 12 and FT=({dilator or shaft or tube} NEAR {(notch or notches or indent™ or groove™))
2
18 IC=AG1M 29/00 12,854

17 CPC={AGIM 28/00 or AGIM 25/06862 or ABTM 2025/0681 or ASTE 2017/347) 4673
18 18 or 17 15,782

18 18 and FT=(dilator% WF {{vary* or different or gradient or increas” or decreas™ NEAR
{stiffness or flexib™ oy durometern))y 158

20 19 and FTssliffness 1085

21 19 and FT={durometer or hardness) 682

22 18 and FT={{dilator or shalt or tube} NEAR (noich or notches or indent” or groove%))
31

23 22 not {15 or 4} 27

24 ASTM 25/00 120

25 24 and FT={dilator? WP ((vary” or diferent or gradient or increas® or decreas™) NEAR
{stiffness or flexib® or duromelan))) 1

28 IC=AG1TM 25/00 42,855

&7 20 and Fi={dilalors WE {vary® or different or gradient or incraas” or decreas®) NEAR
{siifiness or flexib™ or durometen)l 128

28 27 and FT={{dilalor or sha® or tubs) NEAR {notch or notches or indent® or groove¥)}

23
28 28 and FT={{vascular or sheath or catheter) NEAR dilalorts) 20
30 Fi={{vascular or sheath or catheler) NEAR dilatordt) 4,044
- 31 30 and FT=(dilator® WP {{vary™ or different or gradient or incresas”™ or decrsas”™) NEAR
{sliffness or flexib® or durometer))) 176
32 31 and Fi={{diator or shafl or tube) NEAR {notch or nolches or indent” or groove%))
28

ey

- Google

??E&s'&agm_m}gj | Google Web

. pateConducted | 07 September 2023 (07.03.2023}

. Seahloge:

variable stifiness vascular access dilator
About 126,000 resulls

inari medical vascular access dilator

-219-




About 34,100 results

vascidar ditator flexible distal portion
About 1,800,000 results

‘ Google

Patenis (US Palents/Published Applications, EPQ

- publications, international, Ching, Germany, Canada)

About 8,770 resulls

vascular catheter and dilator
About 7,410 resulls

difator o toek to valve
About 4,020 rasulls

07 Septamber 2043 (07.08.2023}

-220-




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

18/342,553- Conf# 6799

Filing Date June 27, 2023
First Named Inventor Ben Merritt
Art Unit 3781

Examiner Name

Eric Rassavong

Attorney Docket Number

111552.8018.US11

U.S. PATENTS AND PUBLICATIONS

Pages, Columns, Lines, Where

F)_(a_nm*iner Cite Patent Number Issue Date Name of Patentee or Applicant of cited Relevant Passages or Relevant
nitial No Document Figures Appear
1. 20110152889 06-23-2011 Ashland
2. 20230310138 10-05-2023 Merritt et al.
3. 20230310137 10-05-2023 Merritt et al.
4. 20230310751 10-05-2023 Merritt et al.
5. 20030023263 01-30-2003 Krolik et al.
6. 20030135151 07-17-2003 Deng
7. 20200022711 01-23-2020 Look etal.
8. 6017335 01-25-2000 Burnham
9. 20040039351 02-26-2004 Barrett
10. |20140180055 06-26-2014 Glynn et al.
11. |20230329734 10-19-2023 Marchand et al.
12. 15242461 09-07-1993 Kortenbach et al.
13. |11806033 11-07-2023 Marchand et al.
14. 3438607 04-15-1969 Williams et al.
15. |4401107 08-30-1983 Harber et al.
16. (4634421 01-06-1987 Hegemann
17. |5484418 01-16-1996 Quiachon et al.
18. |20080087853 04-17-2008 Kees
19. |10648268 05-12-2020 Jaffrey et al.
20. (20230320834 10-12-2023 Merritt et al.
21. |2784717 03-12-1957 E.O. Thompson
22. 9884387 02-06-2018 Plha
23. 20230338130 10-26-2023 Merritt et al.
24. 2010114017 05-06-2010 Lenker et al.
25. 20230355259 11-09-2023 Marchand et al.
26. (20230355256 11-09-2023 Dinh
27. (20230355938 11-09-2023 Merritt et al.
28. 20230363883 11-16-2023 Merritt et al.
29. (20230363776 11-16-2023 Quick
30. (20170113005 04-27-2017 LINDER et al.
31. 20110309037 12-22-2011 LEE

164508098.1

-221-




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.

Application Number

18/342,553- Conf# 6799

INFORMATION DISCLOSURE

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

Filing Date June 27, 2023
First Named Inventor Ben Merritt
Art Unit 3781

Examiner Name

Eric Rassavong

Attorney Docket Number

111552.8018.US11

U.S. PATENTS AND PUBLICATIONS

Pages, Columns, Lines, Where

F)_(a_nm*iner Cite Patent Number Issue Date Name of Patentee or Applicant of cited Relevant Passages or Relevant
nitial No Document Figures Appear
32. |20080294096 11-27-2008 Uber, Il et al.
33. 20130270161 10-17-2013 KUMAR et al.
34. (20210316127 10-14-2021 Buck et al.
35. |20170172591 06-22-2017 Ulm, Il
36. (11832837 12-05-2023 Hauser
37. 11832838 12-05-2023 Hauser
38. (11833023 12-05-2023 Hauser
39. (20230390045 12-07-2023 Merritt et al.
40. (20230389932 12-07-2023 Ozenne et al.
41. (11839393 12-12-2023 Hauser
42. 111844921 12-19-2023 Merritt et al.
43. (11849963 12-26-2023 Quick
44. (20130190701 07-25-2013 Kirn
45. (20210128182 05-06-2021 Teigen et al.
46. (20170143880 05-25-2017 LUXON et al.
47. 3785380 01-15-1974 Brumfield
48. (6908455 06-21-2005 Hajianpour
49. (7837630 11-23-2010 Nieoson et al.
50. (20090312786 12-17-2009 Trask et al.
51. 20120095448 04-19-2012 KAJII
52. (20160220795 08-04-2016 KORKUCH et al.
53. [20130123705 05-16-2013 Holm et al.
54. 11890180 02-06-2024 Merritt et al.
55. (20140163615 06-12-2014 Gadlage et al.
56. (5323514 06-28-1994 Masuda et al.
57. 5911728 06-15-1999 Sepetka et al.
58.
59.
60.

164508098.1

-222-




Doc code: IDS PTO/SB/08a (01-10)
Doc description: Information Disclosure Statement (IDS) Filed 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.

Application Number 18/342,553- Conf #6799
Filing Date June 27, 2023

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT First Named Inventor Ben Merritt
(Not for submission under 37 CFR 1.99) Art Unit 3781

Examiner Name Eric Rassavong
Attorney Docket Number |111552.8018.US11

FOREIGN PATENT DOCUMENTS

Pages, Columns, TS
Lines, Where
Relevant Passages
or Relevant Figures
Appear

Examiner |Cite [Foreign Document
Initial* No [Number®

Publication Date Name of Patentee or Applicant of cited Document

1. |W020231902025 10-05-2023 Inari Medical, Inc.

WO02019173475 09-12-2019 Innovative Cardiovascular Solutions, LLC

WO02023215779 11-09-2023 Inari Medical, Inc.

olalr]eN

NON-PATENT LITERATURE DOCUMENTS

Examiner |Cite |Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, | T®
Initials™ No |magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or country
where published.

Extended European Search Report issued for EP Application No. 20877370.5, Date of Mailing: October 17,
2023, 11 pages.

International Search Report and Written Opinion for International App. No. PCT/US23/65128; Date of Filing:
March 30, 2023, Applicant: Inari Medical, Inc., Date of Mailing: November 14, 2023, 14 pages.

International Search Report and Written Opinion for International App. No. PCT/US23/66538; Date of Filing:
May 3, 2023, Applicant: Inari Medical, Inc., Date of Mailing: January 4, 2024, 14 pages.

EXAMINER SIGNATURE

Examiner Signature Date Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line
through a citation if not in conformance and not considered. Include copy of this form with next communication
to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-
letter code (WIPO Standard ST.3). ® For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the
serial number of the patent document. “ Kind of document by the appropriate symbols as indicated on the document under WIPO Standard
ST.16 if possible. ® Applicant is to place a check mark here if English language translation is attached.

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

164508098.1

-223-



Doc code: IDS PTO/SB/08a (01-10)
Doc description: Information Disclosure Statement (IDS) Filed 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.

Application Number 18/342,553- Conf #6799
Filing Date June 27, 2023

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT First Named Inventor Ben Merritt
(Not for submission under 37 CFR 1.99) Art Unit 3781

Examiner Name Eric Rassavong
Attorney Docket Number |111552.8018.US11

[] That each item of information contained in the information disclosure statement was first cited in any communication from
a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the information
disclosure statement. See 37 CFR 1.97(e) (1).

OR

[] That no item of information contained in the information disclosure statement was cited in a communication from a foreign
patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification after making
reasonable inquiry, no item of information contained in the information disclosure statement was known to any individual
designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure statement. See 37
CFR 1.97(e) (2).

[] See attached certification statement.
X Fee set forth in 37 CFR 1.17 (p) has been submitted herewith.
] None

It is submitted that the Information Disclosure Statement is in compliance with 37 C.F.R. § 1.98 and the Examiner is
respectfully requested to consider the listed references. This Information Disclosure Statement is not to be construed as a
representation that: (i) a search has been made; (ii) additional information that may be material to the examination of this
application does not exist; (iii) the information, protocols, results and the like reported by third parties are accurate or enabling;
or (iv) the cited information is, or is considered to be, material to patentability. In addition, Applicant does not admit that any
enclosed item of information constitutes prior art to the subject invention and specifically reserves the right to demonstrate
that any such reference is not prior art.

COPIES OF REFERENCES

In accordance with 37 C.F.R. § 1.98(a)(2)(ii), Applicant has not submitted copies of U.S. patents and U.S. patent applications.
Applicant submits herewith copies of foreign patents and non-patent literature in accordance with 37 C.F.R. § 1.98(a)(2).

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /Matthew S. Williams/ Date (YYYY-MM-DD) 2024-02-06

Name/Print Matthew S. Williams Registration Number 77,516

This collection of information is required by 37 CFR 1.97 and 1.98. 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 1 hour 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.

164508098.1

-224-



w0 2019/173475 A1 | I NI 00 OO0 00O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

=

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
12 September 2019 (12.09.2019)

0P O 000 RO
(10) International Publication Number

WO 2019/173475 Al

WIPOIPCT

(51)

@1)

(22)

25)
(26)
(30)

a1

72)

International Patent Classification:
AG61F 2/01 (2006.01)

International Application Number:
PCT/US2019/020952

International Filing Date:

06 March 2019 (06.03.2019)
Filing Language: English
Publication Language: English
Priority Data:
62/639,618 07 March 2018 (07.03.2018) UsS
62/812,391 01 March 2019 (01.03.2019) Us
Applicant: INNOVATIVE CARDIOVASCULAR SO-

LUTIONS, LLC [US/US]; 1111 Short Road, Kalamazoo,
MI 49008 (US).

Inventors: MERHI, William, M.; 1242 Stoneshire Drive
SE, Grand Rapids, MI 49546 (US). BLACK, Andy; 400 N.
Rand Road, North Barrington, IL 60010 (US). CARLSON,
Mark; 400 N. Rand Road, North Barrington, IL 60010
(US). GREENE, Josh; 400 N. Rand Road, North Barring-
ton, IL 60010 (US). JENSEN, Kelly; 400 N. Rand Road,
North Barrington, IL 60010 (US). KURT, Alyssa; 400 N.
Rand Road, North Barrington, IL 60010 (US). LEOPOLD,

74)

31

(84)

Andy; 400 N. Rand Road, North Barrington, IL 60010
(US). LUP, Joe; 400 N. Rand Road, North Barrington,
IL 60010 (US). ROCKWELL, Ben; 400 N. Rand Road,
North Barrington, IL 60010 (US). SIMOENS, Kevin; 400
N. Rand Road, North Barrington, IL 60010 (US). VER-
WIJST, Brandon; 400 N. Rand Road, North Barrington,
IL 60010 (US).

Agent: WEBER, Andrew, N.; Honigman LLP, 650 Trade
Centre Way, 200, Kalamazoo, MI 49002-0402 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR, KW,KZ, LA, LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,

(54)

Title: EMBOLIC PROTECTION DEVICE

(57) Abstract: The present invention includes an embolic protection device comprising a catheter

P

FiG. 6C

LEFT RIGHT

-225-

having a self-expanding embolic filter that is disposed around the catheter proximal to a distal
portion, wherein the embolic filter comprises a frame, and the frame defines an opening of the
embolic filter that faces the distal end of the catheter; a deployment mechanism that is disposed
around at least a portion of the catheter, wherein the deployment mechanism is longitudinally
movable with respect to the catheter, the deployment mechanism is configured to contain the
embolic filter in a collapsed configuration, and the embolic filter is configured to self-expand upon
the longitudinal retraction of the deployment mechanism; and a wire coupled to the frame for
expanding the size or diameter of the embolic filter opening.
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EMBOLIC PROTECTION DEVICE

CROSS REFERENCE TO RELATED APPLICATION
[0001] This PCT application claims the benefit of U.S. provisional application no.
62/639,618, filed on March 7, 2018, and U.S. provisional application no. 62/812,391, filed on
March 1, 2019. Each of these documents is hereby incorporated by reference in its entirety.
TECHNICAL FIELD
{0002] This application relates to embolic protection devices including a catheter and
methods of using such embolic protection devices in medical procedures (e.g., closed-heart
surgical procedures).
BACKGROUND
[0003] Traditional pigtail catheters are used during percutaneous cardiac procedures where
the positioning of various instruments and devices within the vasculature of a patient is
important. These pigtail catheters comprise a curved distal end that can rest within the
patient's anatomy (e.g., an artery (e.g., aorta)) and hold the catheter in place while other
instrumentation and devices are delivered into the patient's vasculature. Some traditional
pigtail catheters include a lumen and small apertures at their distal ends through which a
contrast agent can be injected into a patient's vasculature for imaging the relevant portion of
the patient's anatomy and identifying anatomical landmarks.
[0004] However, the use of traditional pigtail catheters in percutaneous cardiac procedures
often results in serious and life-threatening complications for the patient. For example,
cerebral embolism is a common complication in cardiac procedures, such as valve
replacement and repair, where a traditional pigtail catheter is deployed. During such
procedures, plaque, calcium, thrombi, or any combination thereof, in the vessels, valves,
and/or cardiac chambers can be dislodged by the catheter or other medical devices introduced
into the patient's vasculature. The dislodged plaque, calcium, thrombi or any combination
thereof can be carried into the patient's brain via blood flow from the aorta and can cause
blockages therein leading to an embolic event such as stroke. Approximately 2.9%-6.7% of
patients undergoing transfemoral transcatheter aortic-valve implantation (TAVI) have a
stroke within 30 days, and even more (4.5%-10.6%) have a stroke within a year, often
leading to death. Furthermore, up to 85% of patients undergoing TAVI have evidence of
embolic phenomenon to the brain based on neuroimaging studies. Although clinically silent,
such embolic phenomena are associated with cognitive decline (Astraci 2011; Ghanem 2010;

Kahlert 2010; Rodes-Caban 2011).
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[0005] Presently, there are a few devices on the market designed to protect the brain,
abdominal organs, and carotid arteries from emboli, and these devices suffer from various
significant drawbacks. For instance, the Embrella Embolic Deflector®, available from
Edwards Lifesciences of Irvine, California, employs a deflector that deflects emboli from the
carotid arteries into the descending aorta, but the device does not trap the emboli, so emboli
are free to travel to other areas of the body and cause deleterious complications. The
EMBOL-X®, also available from Edwards Lifesciences, employs a filtering screen, but this
device is designed for use in open heart procedures, which present additional medical risks
and increased morbidity. Additionally, the use of multiple devices, for example a catheter for
visualization and a separate filter device, lengthens the procedure time and increases the risk
of complications to the patient.

SUMMARY
[0006] These and other needs are met by the present invention, which presents an embolic
protection device comprising a deployable embolic filter that is disposed around a catheter
having a distal portion that can assume an arcuate configuration being at least a semi-circle,
and having a wire that is operable to manipulate the embolic filter into a configuration that
more fully engages a body lumen.
[0007] The combination of the catheter and the embolic filter in the same device may provide
the benefits of both devices individually, as well as provide a synergistic effect. For example,
the integration of the catheter and the embolic filter can decrease the duration of the medical
procedure and reduce the occurrence of complications (e.g., complications caused by
dislodged emboli). In other examples, the expansion of the embolic filter may help to anchor
the catheter into position to provide a more accurate position of the catheter than if the
position of the catheter is susceptible to the influences of blood flow, tissue movement, and
the like. In a valve replacement procedure, anchoring of the catheter and more accurate
positioning of the catheter may help ensure that the valve prosthesis is properly positioned
and stabilized. In another example, the position of the catheter may ensure that the filter is
being properly positioned.
[0008] In some aspects, the embolic protection device comprises a catheter, a self-expanding
embolic filter coupled to the catheter, a pull wire for reorienting the filter by bending a frame
of the filter, and an outer sheath movable with respect to the embolic filter and the catheter.
The outer sheath holds the embolic filter in a collapsed configuration when surrounding the
embolic filter and is proximally retracted to deploy the embolic filter. The outer sheath may
recapture the embolic filter and any debris captured therein by being distally advanced. The

filter and outer sheath might both be movable with respect to the catheter, for example to be
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able to move the embolic filter longitudinally without having to move the entire catheter
longitudinally. The pull wire is advantageous due to its ability to bend the frame, thereby
facing the filter opening towards the distal end of the device and causing the embolic filter to
more fully engage the body lumen.

[0009] In some aspects, the catheter has a proximal end and a distal end. A lumen extends
from the proximal end of the catheter to the distal end of the catheter. In some embodiments,
the lumen may be configured to house a guidewire.

[0010] In some aspects, the catheter is a pigtail catheter. A pigtail catheter is configured to
curl at the distal end of the catheter, forming a generally arcuate shape that is at least a semi-
circle. The pigtail may have a radiopaque marker viewable on x-rays or other medical
imaging devices. The radiopaque marker is on the distal section of the curled pigtail in the
form of a longitudinal marker, circumferential bands, or the like. The pigtail may
additionally have one or more apertures to dispense drugs and/or contrast agents through the
lumen.

[0011] In some aspects, a guidewire is inserted through the patient's skin and into a body
lumen such as a femoral, radial, or brachial artery and steered near a target site. The
guidewire is inserted into a lumen of the embolic protection device, and the embolic
protection device is pushed or tracked over the guidewire to the target site. When the
guidewire is retracted from at least the distal portion of the catheter, the catheter assumes a
generally arcuate shape. The radiopaque marker on the catheter is used to visualize and
position the catheter. Once the catheter is in position, the outer sheath is retracted to deploy
the embolic filter and the pull wire is retracted to bend the frame of the filter to position the
distal opening of the filter across the vessel. The user can then perform a procedure such as
valve replacement, valve repair, radio frequency ablation, and the like. When the procedure
is completed, the pull wire is advanced and the outer sheath is advanced to recapture the
embolic filter and any debris trapped in the embolic filter. The device is then retracted from
the vessel, with the catheter being atraumatic to vessels during retraction.

[0012] Another aspect is a method of capturing embolic debris during a closed-heart surgical
procedure comprising inserting the distal end of the catheter of the embolic protection device
into a body lumen. The method further comprises allowing the embolic filter to assume an
expanded, deployed configuration and retracting the pull wire to bend the frame of the filter,
so that a distal opening of the filter spans the body lumen.

[0013] In some aspects, the embolic protection device comprises a catheter, a self-expanding
embolic filter coupled to the catheter, a push wire for reorienting the filter by bending a frame

of the filter in a longitudinal direction and extending the frame in a radial direction, and an
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outer sheath movable with respect to the embolic filter and the catheter. The outer sheath
holds the embolic filter in a collapsed configuration when surrounding the embolic filter and
is proximally retracted to deploy the embolic filter. The outer sheath may recapture the
embolic filter and any debris captured therein by being distally advanced. The push wire is
advantageous due to its ability to bend and extend the frame, thereby facing the filter opening
towards the distal end of the device and causing the embolic filter to more fully engage the
body lumen.

[0014] In some aspects, the catheter has a proximal end and a distal end. A lumen extends
from the proximal end to the distal end along a longitudinal axis of the catheter. In some
embodiments, the lumen may be configured to house a guidewire.

[0015] In some aspects, the catheter is a pigtail catheter. A pigtail catheter is configured to
curl at the distal end of the catheter, forming a generally arcuate shape that is at least a semi-
circle. The pigtail may have a radiopaque marker viewable on x-rays or other medical
imaging devices. The radiopaque marker is on the distal section of the curled pigtail in the
form of a longitudinal marker, circumferential bands, or the like. The pigtail may
additionally have one or more apertures to dispense drugs and/or contrast agents through the
lumen.

[0016] In some aspects, a guidewire is inserted through the patient's skin and into a body
lumen such as a femoral, radial, or brachial artery and steered near a target site. The
guidewire is inserted into a lumen of the embolic protection device, and the embolic
protection device is pushed or tracked over the guidewire to the target site. When the
guidewire is retracted from at least the distal portion of the catheter, the catheter assumes a
generally arcuate shape. The radiopaque marker on the catheter is used to visualize and
position the catheter. Once the catheter is in position, the outer sheath is retracted to deploy
the embolic filter and the push wire is advanced to bend and extend the frame of the filter to
position the distal opening of the embolic filter across the vessel. The user can then perform
a procedure such as valve replacement, valve repair, radio frequency ablation, and the like.
When the procedure is completed, the push wire is retracted and the outer sheath is advanced
to recapture the embolic filter and any debris trapped in the embolic filter. The device is then
retracted from the vessel, with the catheter being atraumatic to vessels during retraction.
[0017] Another aspect is a method of capturing embolic debris during a closed-heart surgical
procedure comprising inserting the distal end of the catheter of the embolic protection device
into a body lumen. The method further comprises allowing the embolic filter to assume an
expanded, deployed configuration and advancing the push wire to bend and extend the frame

of the filter, so that a distal opening of the filter spans the body lumen.
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BREF DESCRIPTION OF THE FIGURES
[0018] The following figures are provided by way of example and are not intended to limit
the scope of the claimed invention.
[0019] FIGS. 1A and 1B illustrate partial side views of an embodiment of an embolic
protection device of the present invention. In FIG. 1A, an embolic filter of the embolic
protection device is illustrated in a collapsed (undeployed) configuration. In FIG. 1B, the
embolic filter is illustrated in an expanded (deployed) configuration wherein a pull wire
affixed to a frame of the embolic filter is advanced to a distal position so that the frame
assumes it’s self-expanded and undeflected (i.e., unbent) configuration.
[0020] FIG. 1C illustrates a side perspective view of an embodiment of an embolic filter of
the present invention assuming a partially deflected (i.e., partially bent) configuration
wherein the pull wire affixed to the frame of the embolic filter is partially longitudinally
retracted to a proximal position.
[0021] FIG. 1D illustrates a transverse cross-sectional view of an embodiment of an embolic
filter of the present invention assuming a fully deflected (e.g., fully bent) configuration
wherein the pull wire is fully longitudinally retracted thereby deflecting the filter.
[0022] FIGS. 1E and IF illustrate front views of an embodiment of an embolic filter frame of
the present invention. In FIG. 1E, the filter frame is undeployed wherein the frame is
collapsed and enclosed by an outer sheath. In FIG. 1F, the outer sheath is longitudinally
retracted and the filter frame is deployed to its self-expanded configuration.
[0023] FIGS. 2A — 2B illustrate partial side views of an embodiment of an embolic
protection device of the present invention comprising a shoulder.
[0024] FIGS. 3A — 3D illustrate partial side views of an embodiment of an embolic
protection device of the present invention comprising an intermediate tube.
[0025] FIGS. 4A — 4C illustrate partial side views of an embodiment of an embolic
protection device of the present invention comprising a deflector.
[0026] FIG. SA illustrates an embodiment of an embolic protection device comprising a
handle. FIG. 5B illustrates a distal portion of the embolic protection device comprising the
embolic filter and pigtail catheter.
[0027] FIG. 6A illustrates a partial side view of an embodiment of an embolic protection
device of the present invention with an embolic filter in a collapsed (undeployed)
configuration.
[0028] FIGS. 6B and 6C illustrate a side view and a front end view of the embolic filter in an

self-expanded (deployed) configuration, respectively, wherein a push wire coupled to a frame
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of the embolic filter is retracted to a proximal position so that the frame assumes an
undeflected (i.e., unbent) configuration.

[0029] FIGS. 6D and 6E illustrate a side view and a front end view of the embolic filter in an
partially expanded configuration, respectively, wherein the push wire coupled to the frame of
the embolic filter is longitudinally advanced to a first distal position so that the frame
assumes a deflected (i.e., bent) configuration.

[0030] FIGS. 6E and 6F illustrate a side view and a front end view of the embolic filter in an
fully expanded configuration, respectively, wherein the push wire coupled to the frame of the
embolic filter is longitudinally advanced to a second distal position farther than the first distal
position shown in FIG. 6C so that the frame assumes an extended configuration.

[0031] FIGS. 7A — 7C illustrate partial side views of an embodiment of an embolic
protection device of the present invention having an actuating mechanism for operating an
embolic filter.

[0032] FIGS. 8A and 8B illustrate an embodiment of an embolic protection device of the
present invention having a handle for manually operating an embolic filter.

[0033] FIGS. 8C — 8F illustrate an example of the handle.

[0034] FIGS. 9A — 9E illustrate a stepwise method of using an embolic protection device of
the present invention.

[0035] FIG. 10 illustrates the deflection and capture of embolic debris by an embolic
protection device of the present invention comprising a deflector.

[0036] FIG. 11 illustrates the deflection and capture of embolic debris by an embolic
protection device of the present invention wherein a second catheter device is present.

[0037] FIGS. 12A — 12D illustrate a stepwise method of using an embolic protection device
of the present invention operating an embolic filter.

[0038] FIGS. 13A and 13B are photographs of distal portions of embolic protection devices
of the present invention situated within a cadaver's vasculature according to Example 1. In
FIG. 13A, the embolic protection device comprises a longitudinal groove in which a second
catheter is inserted alongside the embolic protection device. In FIG. 13B, the second catheter
is situated adjacent to the embolic protection device that lacks a longitudinal groove.

[0039] FIG. 14 is a bar graph of performance data of an embolic protection device of the
present invention (the EPD-1 device) according to Example 2.

[6040] FIGS. 15A — 15] are images generated from diffusion-weighted magnetic resonance
imaging (DW-MRI) of representative subjects according to Example 2.

[0041] FIG. 16A is a photograph of thrombi captured by an embolic protection device of the

present invention (the EPD-1 device) according to Example 2.

6

-232-



WO 2019/173475 PCT/US2019/020952

[0042] FIG. 16B is a photograph of a collagenous fragment captured within the filter of the
embolic protection device (the EPD-1 device) according to Example 2.
[0043] Like reference numerals in the various drawings indicate like elements.

DETAILED DESCRIPTION
[0044] The present invention provides an embolic protection device and methods of using the
embolic protection device for capturing embolic debris during surgical procedures.
[0045] 1. DEFINITIONS
[0046] As used herein, the term "self-expanding" means to increase, spread out, or unfold
from a collapsed state upon the withdrawal or removal of a restricting or confining force.
[0047] As used herein, the term "closed-heart" refers to any surgical procedure involving the
heart, wherein the chest cavity is not opened.
[0048] As used herein, the term "woven" refers to any material that comprises a plurality of
strands, wherein the strands are interlaced to form a net, mesh, or screen. Without limitation,
examples of woven materials include netting or mesh comprising a polymer, metal, or metal
alloy.
[0049] As used herein, the term "non-woven" refers to any material that comprises a
continuous film. Non-woven material may be permeable, semi-permeable, or non-permeable.
For example, permeable or semi-permeable non-woven material may optionally include one
or more pores through which a fluid may pass.
[0050] As used herein, the term "alloy” refers to a homogenous mixture or solid solution
produced by combining two or more metallic elements, for example, to give greater strength
or resistance to corrosion. For example, alloys include brass, bronze, steel, nitinol, chromium
cobalt, MP35N, 35NLT, elgiloy, and the like.
[0051] As used herein, "nitinol" and "nickel titanium" are used interchangeably to refer to an
alloy of nickel and titanium.
[0052] As used herein, "chromium cobalt" refers to an alloy of chromium and cobalt.
[0053] As used herein, "MP35N" refers to an alloy of nickel and cobalt.
[0054] As used herein, "35NLT" refers to a cobalt-based alloy that may also comprise
chromium, nickel, molybdenum, carbon, manganese, silicon, phosphorus, sulphur, titanium,
iron, and boron.
[0055] As used herein, "elgiloy" refers to an alloy of cobalt, chromium, nickel, iron,
molybdenum, and manganese.
[0056] As used herein, a "body lumen" refers to the inside space of a tubular structure in the
body, such as an artery, intestine, vein, gastrointestinal tract, bronchi, renal tubules, and

urinary collecting ducts. In some instances, a body lumen refers to the aorta.
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[0057] I1. EMBOLIC PROTECTION DEVICES

[0058] Although certain embodiments and examples are described below, those skilled in the
art will recognize that the disclosure extends beyond the specifically disclosed embodiments
and/or uses and obvious modifications and equivalents thereof. Thus, it is intended that the
scope of the disclosure herein presented should not be limited by any particular embodiments
described below.

[0059] For purposes of this disclosure, the terms “upper,” “lower,” “right,” “left,” “rear,”
“front,” “vertical,” “horizontal,” and derivatives thereof shall relate to the invention as
oriented in FIGS. 1B and 1F (or in FIGS. 6B and 6C). However, it is to be understood that
the invention may assume various alternative orientations, except where expressly specified
to the contrary. Also, for purposes of this disclosure, the term "coupled” (in all of its forms,
couple, coupling, coupled, etc.) generally means the joining of two components (electrical or
mechanical) directly or indirectly to one another. Such joining may be stationary in nature or
movable in nature; may be achieved with the two components (electrical or mechanical) and
any additional intermediate members being integrally formed as a single unitary body with
one another or with the two components; and may be permanent in nature or may be
removable or releasable in nature, unless otherwise stated.

{0060] FIGS. 1A and 1B illustrate embodiments of an embolic protection device 100. In
these embodiments, the device 100 comprises a catheter 102 (e.g., a pigtail catheter) having a
proximal end 114, a distal end 116, and a lumen 118 extending from the proximal end 114 to
the distal end 116. The lumen 118 may be configured to house a guidewire 990 (see FIGS.
9A and 9B) that is longitudinally moveable through this lumen to coil or straighten the distal
portion 104 of the catheter 102 depending on whether the guidewire is retracted (to coil the
distal portion) or extended (to straighten the distal portion). In some embodiments, the
catheter 102 includes a distal portion 104 configured to assume a generally arcuate shape
being at least a semi-circle. A side wall of the catheter 102 may optionally include one or
more apertures 108 in the distal portion 104 that are configured to deliver one or more fluids
(e.g., imaging dye, contrast agent, oxygenated blood, saline, any combination thereof, or the
like) to a body lumen 992 (see FIG. 9A). The apertures 108 (the plural intended to include
embodiments in which the distal portion includes one aperture 108) are in fluid
communication with the lumen 118. In some embodiments, the distal portion 104 of the
catheter 102 includes one or more radiopaque markers 106. In some embodiments, the
radiopaque markers 106 are wrapped around the circumference of the distal portion of the
catheter and can have the same or different widths. In other embodiments, the radiopaque

markers are co-linear with the lumen and extend to the distal end of the catheter. The device
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100 further comprises a self-expanding embolic filter 110 defined by a frame 124 and a filter
medium 126, and a deployment mechanism 112 (e.g., a longitudinally retractable outer sheath
or a longitudinally retractable ring). The embolic filter 110 is disposed around the catheter
102.

[0061] As illustrated in FIG. 1B, in its deployed configuration, the embolic filter 110
includes a distal opening 140 that is defined by the frame 124, faces the distal end 116 of the
catheter 102, and extends proximally from the distal opening 140 to a closed proximal end
142. The device 100 further comprises a pull wire 122 that is coupled to the frame 124 and
can be retracted to deflect or bend the frame 124 and change the orientation and shape of the
distal opening 140.

[0062] In some embodiments, retracting the pull wire 122 may cause the distal opening 140
of the embolic filter 110 to engage at least a portion of the interior body lumen 992 (see FIG.
9D) wall. FIG. 1B illustrates the pull wire 122 in an advanced, i.e., un-retracted or self-
expanded, configuration with the frame oriented generally to extend in a distal longitudinal
direction, albeit angled back somewhat (e.g., less than about 45 degrees) in a lateral direction.
The catheter 102 may be partially surrounded towards its proximal end 114 by a support
catheter 150 that terminates at a head 152, proximal to the distal portion 104 of the catheter
102. The support catheter 150 may be made of a thicker, stiffer material to add rigidity and
provide a protective or supporting layer surrounding the catheter 102.

[0063] FIG. 1C illustrates the embolic filter 110 deployed (e.g., self-expanded) by retraction
of the deployment mechanism (e.g., outer sheath) 112 with the frame 124 partially deflected,
i.e., partially bent, by retraction of the pull wire 122. The pull wire 122 is coupled to the
frame 124 at a distal coupling 134. The distal opening 140 is primarily defined by a first
portion 132 of the frame 124. The first portion 132 of the frame 124 defines a shape of the
distal opening 140 that is substantially elliptical (i.e., shaped like an ellipse), or alternatively,
substantially oval-shaped or circular. In this embodiment, the portion 132 of the frame 124
may be substantially elliptical and may terminate a V-shaped point at its proximal end, i.e.,
the portion 132 of the frame 124 may invert its curvature at one end of its substantially
elliptical shape (e.g., at its distal end) and come to a point at its proximal end. The distal
opening 140 may substantially be defined by the frame 124, but may span across the frame
124 adjacent to the section of the frame 124 that comes to a point. The filter medium 126
may define a portion of the distal opening 140 where the filter medium 126 spans across the
frame 124, i.e., adjacent to a point of attachment of the frame 124 to the catheter 102 or

support catheter 150.
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[0064] The attachment of the frame 124 to the support catheter 150 (or alternatively, directly
to the catheter 102) is accomplished via a second portion 130 of the frame 124, which
encircles the support catheter 150 (or catheter 102) and is at an angle with respect to the
longitudinal axis of the catheter 102. The second portion 130 of the frame 124 may be fixed
in its position by friction and by tension of the embolic filter 110 in the lateral and/or
longitudinal directions. In other embodiments, the fixed attachment of the second portion
130 of the frame 124 to the support catheter 150 (or catheter 102) may also be accomplished
via adhesives, welding, or the like.

[0065] The first portion 132 of the frame 124 may extend in a first lateral direction away
from the catheter 102 and away from the second portion 130 of the catheter 102 and loop
back across the catheter 102 and extend in the opposite lateral direction. In this embodiment,
the first portion 132 of the frame 124 comprises two sides (132a, 132b) that each extend
generally in a first lateral direction away from the catheter 102 and then loop back on
opposite sides around the catheter 102 and extend generally in the opposite lateral direction
before converging and meeting to form the substantially elliptical shape. As shown in FIG.
1F, the embolic filter 110 is symmetrical about the pull wire 122. For ease of discussion, the
embolic filter 110 is referred as having a left side and a right side. Elements on the left side
of the embolic filter 110 are mirrored by elements on the right side of the embolic filter 110.
[0066] When the pull wire 122 is in its advanced state (or partially, but not fully, retracted
state), the frame 124 extends in a distal longitudinal direction as it extends from its
attachment to the catheter 102 (or support catheter 150). When the pull wire 122 is in its
retracted state (i.e., fully retracted) (see FIG. 1D and FIG. 9E), the frame 124 extends in a
distal longitudinal direction near its point of attachment to the catheter 102, but then is bent
such that it extends substantially perpendicular to the longitudinal axis of the catheter 102.
[0067] FIG. 1D presents a cross-sectional view of the distal opening 140 of the embolic filter
110 when the embolic filter 110 assumes an expanded configuration and when the pull wire
122 is in a fully retracted state, fully deflecting (or bending) the frame 124. The pull wire
122 deflects or bends the frame 124 in a proximal longitudinal direction and laterally
outward. In a fully deflected configuration (i.e., when the pull wire 122 is fully retracted),
the distal opening 140 of the embolic filter 110 may be substantially perpendicular to the
longitudinal axis of the catheter 102 and may span laterally across the body lumen 992 (see
FIGS. 9D and 9E), substantially perpendicular to the longitudinal axis of the body lumen 992.
The fully deflected (or bent) configuration may allow the embolic filter 110 to more fully
engage the body lumen 992. In this fully deflected configuration, the distal opening 140 is
substantially perpendicular to the longitudinal axis of the catheter 102. In the fully deflected
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configuration, the width, x, across the distal opening 140 may be increased compared to the
corresponding dimension in the undeflected configuration. Likewise, in the fully deflected
configuration, the length, y, across the distal opening 140 may be decreased compared to the
corresponding dimension in the undeflected configuration. By increasing the width, x, in the
bent configuration, the frame 124 defining the distal opening 140 may more fully engage the
body lumen 992,

[0068] In the embodiments illustrated in each of FIGS. 1A — 1D, the catheter 102 extends
through the distal opening 140 of the embolic filter 110, and the frame 124 extends away
from the catheter 102 in a first lateral direction and then curves back around the catheter 102
in the opposite direction.

[0069] The embolic protection device 100, with the embolic filter 110 deployed, i.e., the
deployment mechanism 112 is retracted), may assume an undeflected (FIG. 1B), partially
deflected (FIG. 1C), or fully deflected (FIGS. 1D and 5E) configuration. These
configurations are achieved by engaging the pull wire 122 to a fully advanced, partially
retracted (or partially advanced), or fully retracted state. In the fully advanced state, the pull
wire 122 is in a distal position. In the fully retracted state, the pull wire 122 is in a proximal
position. When longitudinally retracted to a proximal position, the pull wire 122 is
configured to deflect (or bend) the frame 124 so that the distal opening 140 of the filter 110 is
substantially perpendicular to the longitudinal direction of the catheter 102 and the distal
opening 140 faces the distal end 116 of the catheter 102. When longitudinally advanced to a
distal position, the pull wire 122 is configured to position the frame 124 so that the distal
opening 140 of the filter 110 defined by the frame 124 is substantially parallel or angled less
than about 45 degrees with respect to longitudinal direction of the catheter 102.

[0070] In some embodiments, the distal opening 140 of the embolic filter 110 has a diameter
of from about 2 cm to about 6 cm (e.g., from about 2.5 cm to about 5 cm or about 4.5 cm).
The embolic filter 110 can comprise any suitable size or diameter to accommodate anatomic
variability in patients' body lumens 992 (see FIG. 9C). In some embodiments, the embolic
filter 110 is coupled to the catheter 102 at the proximal and/or distal ends of the embolic filter
110 and/or at any other points there between. For example, the embolic filter 110 may be
coupled to the catheter 102 via the frame 124, specifically the second portion 130 of the
frame 124 (distal attachment) and also coupled to the catheter 102 via the filter medium 126
at an attachment point within the sheath 112.

[0071] FIGS. 1E and IF illustrate the frame 124 of the embolic filter 110. In the embodiment
illustrated in FIG. 1E, the frame 124 is collapsed within the outer sheath 112, i.e., with the
sheath 112 advanced over the frame 124. In the embodiment illustrated in FIG. 1F, the frame
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124 is deployed outside the sheath 112, i.e., with the sheath 112 retracted. The pull wire 122
is coupled to the frame 124 at a distal coupling 134. The pull wire 122 may be coupled to the
frame 124 at the distal coupling 134 by a variety of methods, including by means of a hole in
the frame 124 through which the pull wire 122 is threaded and crimped to hold it in place.
The distal coupling 134 may also include a variation in the curvature of the frame 124, i.e.,
by inverting the curvature of the frame 124 and coming to a point. This curvature, along with
the curvature of the frame 124 adjacent to the point of attachment of the frame 124 to the
catheter 102, may aid in collapsing the frame 124 in order to advance the sheath 112 over the
embolic filter 110. In some embodiments, the frame 124 comprises a shape memory material
(e.g., a metal alloy or polymer). Examples of shape memory materials include, without
limitation, nitinol, chromium cobalt, and/or other metal alloys such as MP35N, 35NLT,
elgiloy, and the like. In some embodiments, the frame 124 is laser cut from a tube or a sheet.
[0072] FIGS. 2A and 2B illustrate embodiments of an alternative deployment mechanism for
an embolic protection device 200 comprising a catheter 202, an embolic filter 210, and a
movable outer sheath 212. In some embodiments, the outer sheath 212 can include an
optional lip 260 protruding inwardly from the distal end of the outer sheath 212. The catheter
202 can include one or more shoulders 262 (e.g., a distal shoulder 262a and a proximal
shoulder 262b) protruding outwardly from an outer wall of the catheter 202. The lip 260 of
the outer sheath 212 is configured to engage the shoulder or shoulders 262 of the catheter 202
to inhibit or prevent the outer sheath 212 from moving excessively in either the proximal or
distal direction. The lip 260 and shoulder 262 may be arcuate, pronged, and combinations
thereof, and the like.

[0073] In some embodiments, the outer sheath 212 and/or the catheter 202 comprise nubs
and/or detents configured to provide information to the user about the longitudinal position of
the outer sheath without inhibiting further movement. In some embodiments, the outer
sheath 212 and the catheter 202 comprise lips 260, shoulders 262, and detents and nubs (e.g.,
to inhibit longitudinal movement of the outer sheath 212 excessively in either direction, and
to provide information about the extent of movement of the outer sheath 212 relative to the
catheter 202 (e.g., 1/2 retracted, 1/4 retracted, etc.)).

[0074] Benefits of the outer sheath 212 deployment mechanism may include its simplicity,
ease of operation, and small number of moving parts. The embolic protection device 200 is
well-suited for use in conjunction with delicate cardiac procedures having serious risks. As
the duration of the procedure increases, the risk of complications typically increases as well.
Therefore, it can be advantageous that the user be able to quickly and easily deploy and

recapture the embolic filter 210. A more complicated device could be more difficult to
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operate and could be more likely to malfunction or cause adverse effects. The ability to
move the outer sheath 212 relative to the embolic filter 210 can advantageously allow the
user to partially recapture the embolic filter 210, for example to adjust the width of the distal
opening 140. In some embodiments, narrowing the distal opening 140 allows the user to
introduce a second catheter or instrument to the patient's body lumen 992 (see FIG. 9D) and
maneuver the second catheter or instrument around and past the catheter 202 and embolic
filter 210, as described herein. In some embodiments, an embolic protection device as
described herein may have a longitudinally extending groove (not shown) along its surface,
e.g., along the catheter 102, along the support catheter 150 or along the deployment
mechanism (e.g. outer sheath) 112. In such embodiments, a second catheter or instrument
may be inserted while engaging the groove to guide the second device alongside the embolic
protection device.

[0075] FIGS. 3A — 3D illustrate embodiments of an embolic protection device 300 in which
an embolic filter 310 is movably coupled to a catheter 302 by way of a frame 324 and is
longitudinally movable with respect to the catheter 302. In some embodiments, the embolic
filter 310 is coupled to an intermediate tube 330 that at least partially circumferentially
surrounds the catheter 302. The intermediate tube 330 is longitudinally movable with respect
to the catheter 302. An outer sheath 312 is configured to at least partially circumferentially
surround both the catheter 302 and the intermediate tube 330. The intermediate tube 330 and
the outer sheath 312 can be moved simultaneously and independently. The longitudinal
position of the embolic filter 310 with respect to the catheter 302 can be adjusted while the
embolic filter 310 is in the collapsed configuration or in a deployed or partially deployed,
expanded configuration. In some embodiments, the perimeter of the distal opening of the
embolic filter 310 comprises one or more radiopaque markers to allow the user to visualize
the position of the distal opening, for example, with respect to various anatomical landmarks.
For example, if the user is performing a procedure on a patient's aortic valve and wants to
prevent emboli from entering the cerebral arteries, the radiopaque markers can be used to
ensure the distal opening of the embolic filter 310 is positioned in the ascending aorta
upstream from the carotid arteries.

[0076] FIG. 3A illustrates the embolic filter 310 confined in a closed configuration by the
outer sheath 312 and a distal end of intermediate tube 330 at position (a). If the intermediate
tube 330 is held stationary at position (a), the outer sheath 312 can be retracted to deploy the
embolic filter 310, as shown in FIG. 3C. If the intermediate tube 330 and outer sheath 312
are instead moved simultaneously, the embolic filter 310 remains confined by the outer

sheath 312 while the longitudinal position of the embolic filter 310 is adjusted. For example,
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FIG. 3B illustrates the embolic filter 310 still confined by outer sheath 312, while the
intermediate tube 330 has been retracted so that the distal end of the intermediate tube 330 is
at position (b). If the intermediate tube 330 is then held stationary at position (b), the outer
sheath 312 can be retracted to deploy the embolic filter 310, as shown in FIG. 3D. The
intermediate tube 330 and outer sheath 312 can be moved to adjust the longitudinal position
of the embolic filter 310 in a deployed or partially deployed configuration. For example, the
intermediate tube 330 and outer sheath 312 can be moved simultaneously to retract the
intermediate tube 330 from the position as shown in FIG. 3C to position (b) as shown in FIG.
3D.

[0077] In addition to those described in detail herein, a wide variety of deployment
mechanisms for embolic filters are possible. For example, a deployment system may
comprise a portion of an annular sheath including inward end protrusions that are guided in
tracks along the catheter body. Certain such embodiments may advantageously reduce the
profile of the catheter. For another example, a deployment system may comprise a threaded
sheath that longitudinally moves upon twisting by the user. For yet another example, a
deployment system may comprise a plurality of annular bands that can capture the embolic
filter longitudinally and/or circumferentially. Combinations of the deployment systems
described herein and other deployment systems are also possible.

[0078] FIGS. 4A — 4C illustrate another embodiment of an embolic protection device 400
comprising a catheter 402, a deflector 460, an embolic filter 410, and a movable outer sheath
412. In some embodiments, the embolic protection device 400 is similar to embolic
protection device 100 with the addition of the deflector 460.

[0079] Various types and designs of deflectors can be used with an embolic protection device
such as embolic protection device 400. Such deflectors can have different shapes and/or
sizes and can vary in where and how they are coupled to the catheter. For example,
deflectors can be made in various sizes, for example to accommodate differences in patient
anatomy. In some embodiments, the deflector comprises a shape memory material, for
example including nitinol, chromium cobalt, and/or alloys such as MP35N, 35NLT, elgiloy,
and the like. In some embodiments, the deflector comprises a porous membrane, for example
a semi-permeable polyurethane membrane/material, mounted to a self-expanding frame, for
example a frame comprising a shape memory material.

[0080] An example of the deflector 460 shown in FIGS. 4A — 4C has a generally butterfly or
elliptical shape with two wings or petals 460a and 460b extending to either side of a central
axis 464. The wings or petals 460a and 460b may be the same or different in size shape,

material, and the like. The deflector 460 is coupled to a side of the catheter 402 via an
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elongate member 462 that is coupled (e.g., by adhering, welding, soldering, coupling using a
separate component, combinations thereof, and the like) at one end to the central axis 464 of
the deflector 460 and at the other end to the catheter 402. In some embodiments, the elongate
member 462 comprises a shape memory material, for example including nitinol, chromium
cobalt, and/or alloys such as MP35N, 35NLT, elgiloy, and the like that is configured (e.g.,
shape set) to bias the deflector away from the catheter 402. The deflector 460 is configured
to release to an open configuration, shown in FIGS. 4B and 4C, when not confined by, for
example, an outer sheath 412, In some embodiments, the deflector 460 is configured to fold
along the central axis 464 away from the elongate member 462 so that the wings or petals
460a and 460b come together and the deflector 460 can be contained in, for example, an outer
sheath 412, as shown in FIG. 4A. As shown in FIG. 4A, the deflector 460 can initially be
folded and contained in the outer sheath 412 such that the wings or petals 460a and 460b are
positioned distal to the central axis 464. In some embodiments, the deflector 460 can initially
be folded in the opposite direction such that the wings or petals 460a and 460b are positioned
proximal to the central axis 464.

[0081] In some embodiments, the catheter 402 is a pigtail-type catheter as shown in FIGS.
4A and 4B and described herein. The catheter 402 includes a distal portion 404 configured to
assume a generally arcuate shape being at least a semi-circle. In some embodiments, the
distal portion 404 of the catheter 402 includes one or more radiopaque markers 406. A side
wall of the catheter 402 may optionally include one or more apertures 408 in the distal
portion 404 that are configured to deliver one or more fluids (e.g., imaging dye, contrast
agent, oxygenated blood, saline, any combination thereof, or the like) to a body lumen.
[0082] The catheter 402 has a proximal end 414 and a distal end 416. As shown in the FIG.
4B, an example of the catheter 402 is partially surrounded towards its proximal end 414 by a
support catheter 450 that terminates at a head 452, proximal to the distal portion 404 of the
catheter 402. The support catheter 450 may be made of a thicker, stiffer material to add
rigidity and provide a protective or supporting layer surrounding the catheter 402.

[0083] As illustrated in FIG. 4B, the embolic filter 410 comprises a frame 424 and a filter
medium 426. In its deployed configuration, the embolic filter 410 includes a distal opening
440 defined by the frame 424, faces the distal end 416 of the catheter 402, and extends
proximally from the distal opening 440 to a closed proximal end 442. The device 400 further
comprises a pull wire 422 that is coupled to the frame 424 and can be retracted to deflect or
bend the frame 424 and change the orientation and shape of the distal opening 440, in manner

similar to that described above with reference to FIGS. 1B — 1D.
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[0084] In some embodiments, the deflector 460 and embolic filter 410 can be coupled to
another type of catheter, for example a catheter without a distal portion configured to assume
an arcuate shape. The embolic filter 410 can be similar to the embolic filters 110 and 210
shown in FIGS. 1A — 1D; FIGS. 2A and 2B; and described herein. In some embodiments,
the embolic filter 410 is coupled to the catheter 402 proximal to the deflector 460, for
example as shown in FIGS. 4A —4B. In some embodiments, the embolic filter 410 is
coupled to the catheter 402 distal to the deflector 460. The embolic filter 410 is coupled so
that it is disposed around the catheter 402. This configuration advantageously allows the
embolic filter 410 to engage the interior body lumen 992 (see FIG. 9D) wall, as the position
of the catheter 402 within the body lumen 992 (see FIG. 9D) may be affected by the deployed
deflector 460.

[0085] The combination of the deflector 460 and the embolic filter 410 can advantageously
provide additional protection against potential complications resulting from thrombi in the
blood stream. For example, if the embolic filter 410 (e.g., the distal end of the embolic filter
410) is distal to the deflector 460, the embolic filter 410 can serve as the primary means of
embolic protection and the deflector 460 can serve as the secondary means of embolic
protection. If some blood is able to flow around the embolic filter 410 rather than through it,
the deflector 460 serves as a secondary (or back-up) protection device and prevents any
debris not captured by the embolic filter 410 from entering the cerebral arteries and traveling
to the brain. If the embolic filter 410 is proximal to the deflector 460, the deflector 460 can
serve as the primary means of embolic protection and the embolic filter 410 can serve as the
secondary means of embolic protection. The deflector 460 first deflects debris away from the
carotid arteries, then the embolic filter 410 captures debris (e.g., including deflected debris)
as blood flows through the descending aorta.

[0086] In some embodiments, the catheter 402 and outer sheath 412 can have lips, shoulders,
nubs, and/or detents, for example similar to those shown in FIGS. 2A and 2B and described
herein. For example, lips, shoulders, nubs, and/or detents can be positioned on the catheter
402 distal to the deflector 460, between the deflector 460 and embolic filter 410, and
proximal to the embolic filter 410 to engage corresponding lips, shoulders, nubs, and/or
detents on the outer sheath 412. The lips, shoulders, nubs, and/or detents can advantageously
provide the user with information about the longitudinal position of the outer sheath 412 so
that the user knows when neither, one, or both of the deflector 460 and embolic filter 410 are
deployed. In some embodiments, either or both of the deflector 460 and embolic filter 410
can be movably coupled to the catheter 402 via an intermediate tube similar to that shown in

FIGS. 3A - 3D and described herein.
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[0087] An embodiment of an embolic protection device 500, similar to the embolic
protection device 100 in FIGS. 1A — 1E, is shown in FIGS. SA and 5B. The embolic
protection device 500 comprises a catheter 502, an embolic filter 510, a movable outer sheath
512, and a handle 570. In some embodiments, the catheter 502 is a pigtail-type catheter as
shown in the close up view of FIG. 5B and described herein. The catheter 502 includes a
distal portion 504 configured to assume a generally arcuate shape being at least a semi-circle.
In some embodiments, the distal portion 504 of the catheter 502 includes one or more
radiopaque markers 506. A side wall of the catheter 502 may optionally include one or more
apertures 508 in the distal portion 504 that are configured to deliver one or more fluids (e.g.,
imaging dye, contrast agent, oxygenated blood, saline, any combination thereof, or the like)
to a body lumen.

[0088] As illustrated in FIG. 5B, the embolic filter 510 comprises a frame 524 and a filter
medium 526. In its deployed configuration, the embolic filter 510 opens towards a distal end
516 of the catheter 502. The device 500 further comprises a pull wire 522 that is coupled to
the frame 524 and can be retracted to deflect or bend the frame 524 and change the
orientation and shape of the embolic filter 510, in manner similar to that described above with
reference to FIGS. 1B — 1D.

[0089] Returning to FIG. 5A, the handle 570 has a wire-engagement mechanism 574
configured to advance or retract the pull wire 522 by movement of a first slider 572. The
handle 570 also has a sheath-engagement mechanism 578 configured to advance or retract the
deployment mechanism (e.g. outer sheath) 512 by movement of a second slider 576.

[0090] FIGS. 6A — 6G illustrate embodiments of an embolic protection device 600. In these
embodiments, the embolic protection device 600 comprises a catheter 602 (e.g., a pigtail
catheter) having a proximal end 614, a distal end 616, and a lumen 618 extending from the
proximal end 614 to the distal end 616 along a longitudinal axis of catheter 602. The lumen
618 may be configured to house a guidewire 1290 (see FIG. 12A) that is longitudinally
movable through this lumen to coil or straighten the distal portion 604 of the catheter
depending on whether the guidewire is retracted (to coil the distal portion) or extended (to
straighten the distal portion). In some embodiments, the catheter 602 includes a distal portion
604 configured to assume a generally arcuate shape being at least a semi-circle. A side wall
of the catheter 602 may optionally include one or more apertures 608 in the distal portion 604
that are configured to deliver one or more fluids (e.g., imaging dye, contrast agent,
oxygenated blood, saline, any combination thereof, or the like) to a body lumen 1292 (see
FIG. 12A). The apertures 608 (the plural intended to include embodiments in which the

distal portion 604 includes one aperture 608) are in fluid communication with the lumen 618.
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In some embodiments, the distal portion 604 of the catheter 602 includes one or more
radiopaque markers 606. In some embodiments, the radiopaque markers 606 are wrapped
around the circumference of the distal portion 604 of the catheter 602 and can have the same
or different widths. The embolic protection device 600 further comprises a self-expanding
embolic filter 610 defined by a frame 624 and a filter medium 626, and a deployment
mechanism 612 (e.g., a longitudinally retractable outer sheath or a longitudinally retractable
ring). The embolic filter 610 is disposed around the catheter 602.

[0091] FIG. 6B illustrates the embolic filter 610 deployed in a self-expanded configuration
by retraction of the deployment mechanism (e.g., outer sheath) 612. The embolic filter 610
includes a distal opening 640 that is defined by the frame 624, faces the distal end 616 of the
catheter 602, and extends proximally from the distal opening 640 to a closed proximal end
642. The embolic protection device 600 further comprises a push wire 622 that is coupled to
the frame 624. The push wire 622 can be advanced, in the distal direction, to deflect (or
bend) and extend the frame 624; and, in turn, change the configuration of the embolic filter
610 between self-expanded, partially expanded, and fully expanded. In some embodiments,
advancing the push wire 622 may cause the distal opening 640 of the embolic filter 610 to
change orientation, shape, and/or size to engage at least a portion of the interior body lumen
1292 (see FIG. 12D) wall. FIG. 6B illustrates the push wire 622 in a retracted, i.e., un-
advanced, state with the frame 624 extending in a distal, longitudinal direction, albeit angled
back somewhat (e.g., less than about 45 degrees) in a lateral direction toward the proximal
end 614. The catheter 602 may be partially surrounded towards its proximal end 614 by a
support catheter 650 that terminates at a head 652, proximal to the distal portion 604 of the
catheter 602. The support catheter 650 may be made of a thicker, stiffer material to add
rigidity and provide a protective or supporting layer surrounding the catheter 602.

[0092] FIGS. 6C, 6E, and 6G show front-end views of the embolic filter 610, as viewed from
the distal opening 640, in the self-expanded, partially expanded, and fully expanded
configurations, respectively. The catheter 602 is removed from these views for clarity. The
frame 624 comprises two sides (624a, 624b) that each extend generally in a first lateral
direction away from the catheter 602/support catheter 650 and then loop back on opposite
sides around the catheter 602/support catheter 650 and extend generally in the opposite lateral
direction before converging and meeting to form a substantially elliptical (i.e., shaped like an
ellipse), or alternatively, a substantially ovular (i.e. shaped like an oval), or circular shape.
As shown, the embolic filter 610 is symmetrical about a plane (identified in the figure as a

dotted line labeled “P”). For ease of discussion, the embolic filter 610 is referred to as having
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a left side and a right side. Elements on the left side of the embolic filter 610 are mirrored by
elements on the right side of the embolic filter 610.

[0093] FIGS. 6D and 6E illustrate the embolic filter 610 in the partially expanded
configuration with the frame 624 deflected (i.e., bent) by advancement of the push wire 622
in the distal direction. The frame 624 comprises a movable portion 630 and a fixed portion
632. The movable portion 630 of the frame 624 can move, longitudinally, with respect to the
catheter 602/support catheter 650. With respect to the catheter 602/support catheter 650, the
movable portion 630 can move, longitudinally, while the fixed portion 632 cannot. The
frame 624 is coupled to the push wire 622 at the movable portion 630. In a convenient
embodiment, the push wire 622 and movable portion 630 are joined by a crimp. In other
embodiments, the push wire 622 and movable portion 630 are joined by a weld, adhesive, or
threads. The frame 624 is attached to the support catheter 650 (or alternatively, directly to
the catheter 602) by the fixed portion 632. The fixed portion 632 of the frame 624 may be
attached to the catheter 602/support catheter 650 by a weld, an adhesive, or the like.

[0094] Starting at the fixed portion 632, the frame 624 extends in a distal, longitudinal
direction and then bends at an angle with respect to the longitudinal axis of the catheter
602/support catheter 650. When the push wire 622 is in its retracted state, the frame 624
bends at an acute angle and extends in a proximal, longitudinal direction such that the frame
624 folds onto itself (see FIG. 6B). Advantageously, in this configuration, the embolic filter
610 may more effectively retain embolic debris captured during a procedure. The curvature
of the frame 624 adjacent the movable portion 630 may aid in collapsing the frame 624 in
order to advance the outer sheath 612 over the embolic filter 610.

[0095] FIG. 6E shows the front-end view of the embolic filter 610, as viewed from the distal
opening 640, when the push wire 622 is advanced and the embolic filter 610 assumes a
partially expanded configuration. The advancing push wire 622 urges the movable portion
630 forward relative to the catheter 602/support catheter 650. (Shown in FIG. 6D as an arrow
pointing away from the support catheter 650.) This in turn deflects or bends the frame 624
longitudinally in the distal direction and laterally outward. In a deflected configuration (i.e.,
when the push wire 622 is advanced), the distal opening 640 of the embolic filter 610 may be
substantially perpendicular to the longitudinal axis of the catheter 602/support catheter 650
and may span laterally across the body lumen 1292 (see FIG. 12D), substantially
perpendicular to the longitudinal axis of the body lumen 1292. In the deflected configuration,
the width, Xbent, across the distal opening 640 is increased compared to the corresponding
dimension in the non-deflected configuration. By increasing the width, Xeent, in the bent

configuration, the frame 624 defining the distal opening 640 engages the body lumen 1292.
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[0096] FIGS. 6F and 6G illustrate the embolic filter 610 in the fully expanded configuration
with the frame 624 extended by the further advancement of the push wire 622 in the distal
direction. Moving the push wire 622 further, distally, urges the movable portion 630
sideways relative to the catheter 602/support catheter 650. This in turn extends the frame 624
radially outward, away from the catheter 602/support catheter 650. (Shown in FIG. 6G as a
left directional arrow and right directional arrow pointing away from the support catheter
650.) In some embodiments, in addition to extending the frame 624 in the radial direction,
the advancing push wire 622 moves the movable portion 630 forward relative to the catheter
602/support catheter 650; which, in turn, bends the frame 624, further, in the longitudinal
direction. In one embodiment, the movable portion 630 is formed with a curve or bend to aid
in extending the frame 624 in the radial direction.

[0097] In an extended configuration, the width, Xexiended, across the distal opening 640 is
increased compared to the corresponding dimension (Xvent) in the partially expanded
configuration of the embolic filter 610. By increasing the width, Xextended, in the extended
configuration, the frame 624 defining the distal opening 640 engages the body lumen 1292.
The increase in the width across the distal opening 640 between the partially expanded
configuration (Xvent) and the fully expanded configuration (Xexendea) of the embolic filter 610
(and intermediate configurations in between) may represent a range of filter sizes or
diameters, e.g., 25 millimeters (mm) to 40 mm. The range of filter sizes accommodates
variations in patient vasculature. Advantageously, instead of a one-size-fits-all device or
multiple devices of different sizes, certain embodiments of the embolic protection device 600
provide a single device that can be tailored to a particular patient and/or a particular surgical
procedure. For example, a surgeon can expand the embolic filter 610 to a first size and then
adjust the embolic filter 610 to a second size to achieve a better fit within a patient's
vasculature.

[0098] In some embodiments, the distal opening 640 of the embolic filter 610 has a diameter
of from about 2 centimeters (cm) to about 6 cm (e.g., from about 2.5 cm to about 4 cm or to
about 4.5 cm). The embolic filter 610 can comprise any suitable size or diameter to
accommodate anatomic variability in patients' body lumens 1292 (see FIG. 12A).

[0099] FIGS. 7A — 7C illustrate another embodiment of an embolic protection device 700
comprising a catheter 702, an embolic filter 710, a movable outer sheath 712, and an
actuating mechanism for operating the embolic filter 710. A portion of the catheter 702 is
slidably received and supported by a fixed inner catheter 750 that terminates at a head 752.
The fixed inner catheter 750 may be made of a thicker, stiffer material to add rigidity and

provide a protective or supporting layer surrounding the catheter 702. The embolic filter 710
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is disposed around the fixed inner catheter 750 and is configured to self-expand to a radially
expanded configuration, as shown in FIG. 7A, when not confined or restrained by the outer
sheath 712.

[00100] The embolic filter 710 includes a frame 724 and a filter medium 726. The
frame 724 defines a distal opening 740 of the embolic filter 710 and includes a movable
portion 730 for controlling the size or diameter of the distal opening 740. The embolic filter
710 extends proximally from the distal opening 740 to a closed proximal end 742. The frame
724 further includes a fixed portion 732 for attaching the frame 724 to the fixed inner catheter
750 at a location adjacent to the closed proximal end 742 of the embolic filter 710. In some
embodiments, the embolic protection device 700 is similar to the embolic protection device
600 of FIGS. 6A — 6G with the addition of the actuating mechanism.

[00101] The actuating mechanism comprises an inner catheter 756 and an outer
catheter 758. The inner catheter 756 slides over the fixed inner catheter 750. The outer
catheter 758 slides over the inner catheter 756. The movement of the inner catheter 756 and
outer catheter 758 relative to the fixed inner catheter 750 controls the size or diameter of the
embolic filter 710, as will be described in greater detail below.

[00102] The embolic protection device 700 further includes a push wire 722 coupled to
a distal portion 764 of the outer catheter 758. The push wire 722 is longitudinally movable
between a fully retracted state, a partially advanced (or partially retracted) state, and a fully
advanced state by the outer catheter 758. The push wire 722 is further coupled to the
movable portion 730 of the frame 724. Moving the outer catheter 758, relative to the fixed
inner catheter 750, translates into moving the push wire 722 between the fully retracted,
partially advanced, and fully advanced states. This in turn urges the movable portion 730,
causing the frame 724 to deflect (or bend) or extend.

[00103] In various embodiments of the embolic protection device 700, the foregoing
device components may be coupled to each other, as described above, by any number of
means and techniques. For example, in a convenient embodiment, sleeves made from
polyether block amide (PEBAX®) or other similar biocompatible material attach the push
wire 722 to the distal portion 764 of the outer catheter 758, attach the top guide 760 to the
distal portion 766 of the inner catheter 756, and attach the bottom guide 762 to the fixed inner
catheter 750. Additionally or alternatively, the device components may be joined together
with a biocompatible adhesive(s).

[00104] The actuating mechanism further comprises a top guide 760 and a bottom
guide 762 for directing the deflection and extension of the frame 724 so that the distal

opening 740 of the embolic filter 710 faces towards a distal end (or working end) of the
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device 220 as it expands. In some embodiments, the top guide 760 and the bottom guide 762
keep the movable portion 730 and the fixed portion 732 of the frame 724 straight,
respectively. The top guide 760 and the bottom guide 762 are arranged at opposite points
around the fixed inner catheter 750 with portions disposed along the fixed inner catheter 750.
The top guide 760 is coupled at one end to a distal portion 766 of the inner catheter 756. A
portion of the top guide 760, distal to the distal portion 766, is in slidable engagement with
the fixed inner catheter 750 at or otherwise adjacent to the closed proximal end 742 of the
embolic filter 710. For example, a portion of the top guide 760 slides under the filter medium
726 along the fixed inner catheter 750 and passes through the closed proximal end 742 of the
embolic filter 710. The bottom guide 762 is fixedly attached to the fixed inner catheter 750 at
or otherwise adjacent to the closed proximal end 742 of the embolic filter 710.

[00105] At the distal opening 740 of the embolic filter 710, the top guide 760 and the
bottom guide 762 are movable away from the fixed inner catheter 750. The top guide 760
slidably receives the movable portion 730 of the frame 724 and the bottom guide 762
receives the fixed portion 732. The arrangement causes the top guide 760 and bottom guide
762 to flare or flex outward away from the fixed inner catheter 750 (as one moves from the
closed proximal end 742 of the embolic filter 710 to the distal opening 740), thereby, giving
the embolic filter 710 a general funnel-like appearance. The top guide 760 and the bottom
guide 762 may also support the filter medium 726, in the longitudinal and lateral directions,
between the distal opening 740 and the closed proximal end 742 of the embolic filter 710. In
a convenient embodiment, the top guide 760 and the bottom guide 762 are hypotubes made
from stainless steel, polyetheretherketone (PEEK), or other biocompatible material.

[00106] FIG. 7A further illustrates the outer sheath 712 fully retracted over the embolic
filter 710 and the embolic filter 710 exposed. The inner catheter 756 and outer catheter 758
are in their initial positions (labeled “A” in the figure) relative to the fixed inner catheter 750.
With the embolic filter 710 unsheathed, the movable portion 730 and the fixed portion 732 of
the frame 724, with the top guide 760 and bottom guide 762, flex outwardly away from the
fixed inner catheter 750. This causes the distal opening 740 of the embolic filter 710 to lie at
an angle with respect to the fixed inner catheter 750. For example, the frame 724 and the
fixed inner catheter 750 are at an angle of 45 degrees or less. At this stage in deployment, the
embolic filter 710 is in a self-expanded configuration with the frame 724 unbent.

[00107]) FIG. 7B illustrates the distal opening 740 partial expanded to a first size or
diameter. The inner catheter 756 and outer catheter 758 are advanced in unison, distally, over
the fixed inner catheter 750. The inner catheter 756 and outer catheter 758 are moved from

their initial positions (labeled “A” in the figure) to their intermediate positons (labeled “B” in
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the figure), relative to the fixed inner catheter 750. The concerted movement of the inner
catheter 756 and the outer catheter 758 advances the push wire 722 and the top guide 760
together; and, in turn, urges the movable portion 730 of the frame 724, longitudinally, in the
distal direction (forward direction). This rotates the distal opening 740 of the embolic filter
710 into an orientation substantially perpendicular to the longitudinal axis of the fixed inner
catheter 750 and expands the distal opening 740 to the first size (e.g., a diameter of about 25
mm).

[00108] FIG. 7C illustrates the distal opening 740 fully expanded to a second size larger
than the first size. In FIG. 7E, the outer catheter 758 is distally advanced over the inner
catheter 756 and the fixed inner catheter 750. Without the inner catheter 756 moving, the
outer catheter 758 moves from its intermediate positon (labeled “B” in the figure) to its final
position (labeled “C” in the figure), relative to the fixed inner catheter 750. The continued
distal movement of the outer catheter 758 moves the push wire 722 without moving the top
guide 760. A length of the movable portion 730 of the frame 724 is radially played out from.
the top guide 760 (i.e., out of the plane of the page), extending the frame 724 and further
expanding the distal opening 740 of the embolic filter 710 to the second size (e.g., a diameter
of about 40 mm).

[00109] FIGS. 8A — 8F illustrate embodiments of an embolic protection device 800
comprising a catheter 802, an embolic filter 810, a movable outer sheath 812, and a handle
870 for manually operating the embolic filter 810. In FIG. 8B, the embolic protection device
800 further comprises a push wire 822, a filter frame 824, a filter media 826, a movable
portion 830, a fixed portion 832, a fixed inner catheter 850, an inner catheter 856, an outer
catheter 858, a top guide 860, and a bottom guide 862 arranged in a configuration similar to
the configuration described above with reference to FIGS. 7A — 7C. For example, the push
wire 822 is coupled to a distal portion 864 of the outer catheter 858, and the top guide 860 is
coupled at one end to a distal portion 866 of the inner catheter 856. In some embodiments,
the embolic protection device 800 is similar to the embolic protection device 700 of FIGS.
7A - 7C with the addition of the handle 870.

[00110] FIG. 8A illustrates the handle 870 having a first slider 872 operable for manually
retracting the outer sheath 812 over the catheter 802 and the embolic filter 810 to deploy the
embolic filter 810 in a self-expanded configuration. The first slider 872 is further used to
manually advance the outer sheath 812 over the catheter 802 and the embolic filter 810, and
collapse/recover the embolic filter 810. The handle 870 further includes a second slider 874

operable for manually increasing and decreasing the size or diameter of a distal opening 840
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of the embolic filter 810. (The embolic filter 810 extends proximally from the distal opening
840 to a closed proximal end 842.)

[00111] In some embodiments, the catheter 802 is a pigtail-type catheter as shown in FIG.
8B and described herein. The catheter 802 includes a distal portion 804 configured to assume
a generally arcuate shape being at least a semi-circle. In some embodiments, the distal
portion 804 of the catheter 802 includes one or more radiopaque markers 806. A side wall of
the catheter 802 may optionally include one or more apertures 808 in the distal portion 804
that are configured to deliver one or more fluids (e.g., imaging dye, contrast agent,
oxygenated blood, saline, any combination thereof, or the like) to a body lumen.

[00112] The catheter 802 has a proximal end, a distal end 816, and a lumen 818 extending
between the proximal end and the distal end 816. The lumen 818 may be configured to house
a guidewire 1290 (see FIGS. 12A and 12B) that is longitudinally moveable through this
lumen to coil or straighten the distal portion 804 of the catheter 802 depending on whether
the guidewire is retracted (to coil the distal portion) or extended (to straighten the distal
portion). The apertures 808 and the lumen 818 may in fluid communication with each other
in order to deliver one or more fluids to a body lumen as described above.

[00113] As shown in the FIG. 8B, an example of the catheter 802 is partially surrounded
towards its proximal end by the fixed inner catheter 850 that terminates at a head 852,
proximal to the distal portion 804 of the catheter 802. The fixed inner catheter 850 may be
made of a thicker, stiffer material to add rigidity and provide a protective or supporting layer
surrounding the catheter 802.

[00114] FIG. 8C illustrates an example of the handle 870 (with the handle cover removed
for clarity) including a sheath-engagement mechanism 876 configured to advance or retract
the outer sheath 812 by movement of the first slider 872. The outer sheath 812 is joined to
the sheath-engagement mechanism 876. Any number of suitable means, (e.g., fastener and/or
adhesive) or techniques (e.g., sonic welding, solvent welding, and overmolding) can be used
to join the outer sheath 812 and sheath-engagement mechanism 876.

[00115] The sheath-engagement mechanism 876 is movable within the handle 870
between a distal, initial position (shown in FIG. 8C) and a proximal, final position (shown in
FIG. 8D). The initial position of the sheath-engagement mechanism 876 corresponds with
the outer sheath 812 circumferentially disposed around at least a portion of embolic filter 810
and the embolic filter 810 housed in the collapsed configuration. The final position of the
sheath-engagement mechanism 876 corresponds with the outer sheath 812 longitudinally
retracted over the embolic filter 810 and the embolic filter 810 deployed in the self-expanded

configuration.
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[00116] The sheath-engagement mechanism 876 is selectively operable by the first slider
872. For example, an operator presses down on the first slider 872 with their thumb to
unlock the sheath-engagement mechanism 876 from the handle 870 in order to move the
sheath-engagement mechanism 876 from the initial position (shown in FIG. 8C) to the final
position (shown in FIG. 8D). The operator moves the first slider 872, proximally, using their
thumb to retract the outer sheath 812 and expose the embolic filter 810. To collapse/recover
the embolic filter 810, the operator moves the first slider 872, distally, and advances the outer
sheath 812 over the embolic filter 810.

[00117]  The example of the handle 870 shown in FIG. 8C further includes an engagement
mechanism 878 configured to change the size or diameter of the distal opening 840 of the
embolic filter 810 by movement of the second slider 874. The engagement mechanism 878
comprises a top pull 880 and a bottom pull 882. The top pull 880 is coupled to a proximal
portion of the outer catheter 858 and the bottom pull 882 is coupled to a proximal portion of
the inner catheter 856 (shown in FIG. 8F).

[00118] The engagement mechanism 878 is movable within the handle 870 between an
initial (proximal) position (shown in FIGS. 8C and 8D), an intermediate position (shown in
FIG. 8E), and a final (distal) position (shown in FIG. 8F). The initial position of the
engagement mechanism 878 corresponds with the embolic filter 810 in the self-expanded
configuration with the filter frame 824 undeflected (or unbent). The intermediate position of
the engagement mechanism 878 corresponds with the embolic filter 810 in a partially
expanded configuration with the filter frame 824 deflected (or bent) in the longitudinal
direction. The final position of the engagement mechanism 878 corresponds with the
embolic filter 810 in a fully expanded configuration with the filter frame 824 extended in the
radial direction.

[00119] The engagement mechanism 878 is selectively operable by the second slider 874.
For example, with the engagement mechanism 878 at the initial position (shown in FIG. 8D),
a user presses the second slider 874 down. The applied force causes a projection (not shown)
extending from the second slider 874 to move downward through a hole (not shown) in the
top pull 880 and into a recess (not shown) in the bottom pull 882.

[00120] In FIG. 8E, with combined reference to FIG. 8B, with the second slider 874
depressed and engaged with both the top pull 880 and the bottom pull 882, the operator
moves the second slider 874, distally, using their thumb to advance the outer catheter 858 and
the inner catheter (hidden from view) together. The concerted movement of the outer
catheter 858 and the inner catheter moves the push wire 822 and the top guide 860 together

(i.e., moved in unison). This in turn, advances the movable portion 830, longitudinally, in the

25

-251-



WO 2019/173475 PCT/US2019/020952

distal direction (forward direction), and expands the distal opening 840 of the embolic filter
810.

[00121] The distal opening 840 continues to expand with the distal movement of the
second slider 874 until the engagement mechanism 878 reaches the intermediate position
shown in FIG. 8E. At the intermediate position, the distal opening 840 is at a first size (e.g.,
a diameter of about 25 mm) and the second slider 874 partially disengages from the
engagement mechanism 878. For example, a spring and ball plunger (not shown), located
within the handle 870, lifts the projection out of the recess in the bottom pull 882. The
second slider 874 disengages from the bottom pull 882 but remains engaged with the top pull
880. It may be convenient to refer to the engagement between the top pull 880 and the
bottom pull 882 as temporary.

[00122] In FIG. 8F, with combined reference to FIG. 8B, the operator continues to move
the second slider 874, distally, to advance the outer catheter 858 farther in the distal direction.
With the bottom pull 882 disengaged, the inner catheter 856 and the top guide 860 are fixed
in position, while the push wire 822 advances farther in the distal direction. As a result, a
length of the movable portion 830 is radially played out from the top guide 860 (i.e., out of
the plane of the page) and further expands the distal opening 840 of the embolic filter 810 to
a next size (e.g., a diameter of about 30 mm). The distal opening 840 expands to its
maximum size (e.g., a diameter of about 40 mm) when the engagement mechanism 878 is at
the final position as shown in FIG. 8F. To recover the embolic filter 810, the process
described above with reference to FIGS. 8C — 8F is carried out in reverse.

[00123] In some embodiments, a wire of an embolic protection device as described herein,
e.g., the pull wire 122 of the embolic protection device 100 of FIG. 1B or the push wire 622
of the embolic protection device 600 of FIG. 6B, comprises a metal material, for example,
stainless steel. Alternatively, the wire may comprise a plastic material or other suitable
material. In some embodiments, the wire is stainless steel coated in polytetrafluoroethylene
(PTFE). In the case of the wire being a pull wire, similar to the pull wire 122 of FIG. 1B, the
pull wire is flexible but may have sufficient rigidity to deflect (or bend) a frame of an
embolic filter in a proximal direction when the pull wire is retracted in a manner similar to
that described above with reference to FIGS. 1C and 1D. In the case of the wire being a
push wire, similar to the push wire 622 of FIG. 6B, the push wire is flexible but may have
sufficient rigidity to deflect/bend a frame of an embolic filter in a distal direction when the
pull wire is advanced; and to extend the frame in a radial direction when the pull wire is

father advanced in a manner similar to that described above with reference to FIGS. 6D — 6F.
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[00124]  In some embodiments, a filter medium (e.g., the filter medium 126 of FIG. 1A or
the filter medium 626 of FIG. 6B) comprises a braided mesh, for example braided nitinol
mesh. In some embodiments, the filter medium comprises a porous membrane, for example a
semi-permeable polyurethane membrane. In other embodiments, the filter medium has a pore
size of from about 100 microns to about 150 microns (e.g., about 125 microns).

[00125] In some embodiments, an embolic filter (e.g., the embolic filter 110 of FIG. 1B or
the embolic filter 610 of FIG. 6B) comprises an anti-thrombogenic coating (e.g., a heparin
coating or other coating comprising a thrombin or platelet inhibitor) to advantageously reduce
thrombogenicity.

[00126] The embolic filter is configured to self-expand to a radially expanded
configuration illustrated in, for example FIGS. 1B and 1C, and FIGS. 6B and 6C, when not
confined or restrained by an deployment device, such as the outer sheath 112 of FIG. 1A or
the outer sheath 612 of FIG. 6A.

[00127] In some embodiments wherein the deployment mechanism comprises an outer
sheath (e.g., the movable outer sheath 112 of FIG. 1A or the movable outer sheath 612 of
FIG. 6A), the outer sheath is configured to be circumferentially disposed around at least a
portion of a catheter and a embolic filter (e.g., the catheter 102 and the embolic filter 110 of
FIG. 1A; or the catheter 602 and the embolic filter 610 of FIG. 6A). The outer sheath is
configured to contain or house the embolic filter in a collapsed configuration. The outer
sheath is longitudinally movable with respect to the catheter, and can be longitudinally
retracted (i.e., moved longitudinally in a proximal direction) to deploy the embolic filter and
longitudinally advanced (i.e., moved longitudinally in a distal direction) to recapture the
embolic filter and any embolic material collected by the embolic filter. The embolic filter is
configured to self-expand upon longitudinal retraction of the outer sheath.

[00128] In some embodiments, an embolic filter of an embolic protection device as
described herein (e.g., the embolic filter 110 of FIG. 1A and the embolic filter 610 of FIG.
6A) is configured to at least partially collapse upon longitudinal extension of an outer sheath
(e.g., the outer sheath 112 of FIG. 1A and the outer sheath 612 of FIG. 6A). In these
embodiments, a distal opening of the embolic filter (e.g., the distal opening 140 of FIG. 1B
and the distal opening 640 of FIG. 6B) assumes a substantially closed configuration thereby
sequestering or substantially sequestering the filtered material.

[00129] In some embodiments, a catheter of an embolic protection device as described
herein (e.g., the catheter 102 of FIG. 1A and the catheter 602 of FIG. 6A) may comprise a
flexible material so as to be maneuverable within a body lumen (e.g., the body lumen 992 of

FIG. 9A and the body lumen 1292 of FIG. 12A) as further described herein. For example, in
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some embodiments, the catheter comprises a metal or metal alloy. In other embodiments, the
catheter comprises a polymer (e.g., polyurethane, silicone, latex, polytetrafluoroethylene
(PTFE), a plastic material, any combination thereof, or the like). In some embodiments, the
catheter comprises a metal-reinforced plastic (e.g., including nitinol, stainless steel, and the
like). Other materials are also possible. In some embodiments, the catheter is substantially
free of latex (natural or synthetic), which may cause allergic reactions in some patients. In
some embodiments, the catheter comprises braid-reinforced tubing to advantageously
increase the strength of the catheter. In some embodiments, the catheter comprises a braided
catheter shaft including a layer of braided wire between two layers of catheter tubing, which
may increase the strength of the catheter. In some embodiments, the catheter does not
include a braided layer, which may increase the flexibility of the catheter. In some
embodiments, the catheter comprises a lubricious coating, for example a coating having a low
friction coefficient, to advantageously allow for smoother navigation through tortuous
vasculature. In some embodiments, the catheter coating has anti-thrombotic properties to
advantageously inhibit thrombus formation. In some embodiments, the catheter has a size
(i.e., outside diameter) between about 3 French and about 5 French (between about 2 mm and
about 3 mm). Other sizes are also possible, for example depending on the size of the target
body lumen of a particular patient. In some embodiments, the catheter has a length between
about 65 centimeters (cm) and about 135 cm. Other lengths are also possible, for example to
allow for insertion of the catheter in the femoral, radial, brachial, or subclavian artery. The
catheter can be manufactured, for example, by extrusion, injection molding, or another
suitable process.

[00130] In some embodiments, an embolic protection device as described herein may
include one or more radiopaque marker bands located at a distal portion of a catheter. For
example, the embolic protection device 100 of FIGS. 1A and 1B with the radiopaque markers
106 located at the distal portion 104 of the catheter 102. As another example, the embolic
protection device 600 of FIGS. 6A and 6B with the radiopaque markers 606 located at the
distal portion 604 of the catheter 602. When the distal portion assumes a generally arcuate
shape, the circumferential radiopaque marker bands may be visualized to confirm that the
distal portion is generally arcuate. In some embodiments, the radiopaque marker bands are
located so that when the distal portion assumes its generally arcuate configuration, the marker
bands are at the distal most point of the catheter, i.e., actually beyond a distal end of the
catheter (e.g., beyond the distal end 116 of the catheter 102 shown in FIGS. 1A and 1B; or
beyond the distal end 616 of the catheter 602 shown in FIGS. 6A and 6B).
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[00131]  The radiopaque markers comprise a radiopaque material, for example platinum,
tantalum, tungsten, palladium, and/or iridium. Other radiopaque materials are also possible.
In some embodiments, a material may be considered radiopaque, for example, if the average
atomic number is greater than 24 or if the density is greater than about 9.9 g/cm3. In some
embodiments a distal portion of the catheter (e.g., the distal portion 104 of the catheter 102 of
FIGS. 1A and 1B; and the distal portion 604 of the catheter 602 of FIGS. 6A and 6B) may be
infused with a radiopaque material so that the entire distal portion is visible using imaging
techniques.

[00132] In some embodiments, an outer sheath of an embolic protection device as
described herein comprises a hollow tube configured to circumferentially surround at least a
portion of the catheter. For example, the outer sheath 112 of the embolic protection device
100 of FIGS. 1A ~ IF or the outer sheath 612 of the embolic protection device 600 of FIGS.
6A — 6G. The outer sheath is longitudinally movable with respect to the catheter and is
configured to at least partially contain or house the embolic filter in a collapsed configuration
when circumferentially surrounding the embolic filter, for example, as shown in FIG. 1A and
FIG. 6A. The outer sheath is longitudinally proximally retractable to release the embolic
filter to the expanded, open configuration when not contained by the outer sheath.

[00133] In some embodiments, the outer sheath extends proximally to a proximal end of
the catheter (e.g., the proximal end 114 of the catheter 102 shown in FIG. 1A or the proximal
end 614 of the catheter 602 shown in FIG. 6A) so that the user can grasp and manipulate the
outer sheath directly. In some embodiments, the outer sheath extends proximally over only a
portion of the catheter, and a secondary device (e.g., a push-rod such as found in stent
deployment systems) is coupled to the outer sheath (e.g., to the proximal end of the outer
sheath) to allow for indirect manipulation of the outer sheath. Manipulation of the outer
sheath may be mechanical, electronic, manual, combinations thereof, and the like.

[00134] In some embodiments, an embolic protection device as described herein may have
a longitudinally extending groove (not shown) along its outer surface. For example, the
embolic protection device 100 of FIG. 1B includes a longitudinally extending groove along
the catheter 102, along the support catheter 150, or along the deployment mechanism (e.g.
outer sheath) 112. In another example, the embolic protection device 600 of FIG. 6B
includes a longitudinally extending groove along the catheter 602, along the support catheter
650, or along the deployment mechanism/outer sheath 612. In some embodiments, the
groove may extend substantially from the proximal end to the distal end of the embolic
protection device. The groove may be useful for guiding another catheter device alongside

the embolic protection device. For example, the groove may be useful for guiding a valve
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delivery device alongside and beyond the distal end of the embolic protection device.
Advantageously, the second device may be tracked along the groove and pass beyond the
embolic protection device while the embolic filter is deployed as shown, for example, in FIG.
13A.

[00135] A device according to the disclosure herein can comprise some or all of the
features of the embolic protection device 100, 200, 300, 400, 500, 600, 700, and 800 as
shown in FIGS. 1A — 1F; FIGS. 2A and 2B; FIGS. 3A — 3D; FIGS. 4A — 4C; FIGS. 5A and
5B; FIGS. 6A — 6G; FIGS. 7A — 7C; and FIGS. 8A — 8F; and is described herein in various
combinations.

[00136] III. METHODS OF CAPTURING EMBOLIC DEBRIS

[00137]  Another aspect of the present invention provides a method 900 of capturing
embolic debris during a closed-heart medical procedure (e.g., an aortic valve replacement
procedure), as illustrated in a stepwise fashion in FIGS. 9A — 9E, using an embolic protection
device of the present invention (e.g., the embolic protection device 100, 200, 300, 400, or 500
as described herein).

[00138] Referring to FIG. 9A, in one embodiment, a guidewire 990 is percutaneously
inserted into a body lumen 992 of a patient, for example a femoral, radial, brachial, or
subclavian artery, and navigated to the desired anatomical location, for example, the
ascending aorta. The guidewire 990 can be a J-tipped wire having a diameter of about 0.035
in. (approx. 0.089 cm). Other types and dimensions of guidewires 990 useful for this method
are also possible.

[00139] In some embodiments, the proximal end of the guidewire 990 is inserted into the
opening at the distal end 116 of the catheter 102. When the guidewire 990 is in the lumen
118 of the catheter 102 at the distal portion 104 of the catheter 102, the distal portion 104 of
the catheter is straightened or assumes the curvature of the guidewire 990. The distal end 116
of the catheter 102 is inserted into the body lumen 992 by tracking the lumen 118 of the
catheter 102 over the guidewire 990, as shown in FIG. 9A. The outer diameter of the
guidewire 990 is smaller than the inner diameter of the embolic protection device 100 such
that the embolic protection device 100 may be tracked over the guidewire 990. The inner
surface of the lumen 118 and/or the outer surface of the guidewire 990 may include a
lubricious coating to reduce friction during tracking. The guidewire 990 keeps the distal
portion 104 of the catheter 102 substantially straight (e.g., from being in the generally arcuate
state) as the catheter 102 is inserted into and navigated within the patient’s body.

[060140] The radiopaque marker(s) 106 are used to visualize and position the distal portion

104 of the catheter 102 during tracking. The guidewire 990 is retracted, i.e., moved
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longitudinally in a proximal direction, a sufficient distance to allow the distal portion 104 of
the catheter 102 to assume the generally arcuate shape, as shown in FIG. 9B. The distal
portion 104 of the catheter 102 is positioned at the desired anatomical landmark, for example,
the lower border of the noncoronary cusp of the aortic valve. The radiopaque marker(s) 106
are on the distal-most section of the distal portion 104 when the distal portion 104 assumes its
generally arcuate shape. In some embodiments the distal portion 104 of the catheter 102 may
be infused with a radiopaque material so that the entire distal portion 104 is visible using
imaging techniques.

[00141] In some embodiments of the method, the proximal end 114 of the catheter 102 is
connected to a contrast material injector, and contrast material is injected into the lumen 118
of the catheter 102, for example to visualize the anatomy around the device 100. The contrast
material exits the catheter 102 lumen 118 through the opening at the distal end 116 of the
catheter 102 and/or through one or more apertures 108 in the side wall of the catheter 102.
Injecting contrast material can aid in visualizing and positioning the catheter 102.

[00142] In some embodiments, a second guidewire is percutaneously inserted into a
second body lumen, for example the other femoral artery, and a second catheter is tracked
over the second guidewire. The second catheter can carry a medical device or instrument, for
example, a replacement valve, a valve repair system, or a radio frequency ablation system.
Once the second catheter and associated device or instrument are properly positioned, the
outer sheath 112 of the catheter 102 is longitudinally proximally retracted, allowing the
embolic filter 110 to assume the expanded, deployed configuration, as shown in FIG. 9C.
[00143] Next, the pull wire 122 can be retracted to bend the frame 124 of the embolic filter
110. The pull wire 122 bends the frame 124 in a proximal longitudinal direction and laterally
outward. In a fully bent configuration (i.e., with pull wire fully retracted), as shown in FIGS.
9D and 9E, the distal opening 140 of the embolic filter 110 may be substantially
perpendicular to the catheter 102 and may span laterally across the body lumen 992,
substantially perpendicular to the longitudinal axis of the body lumen 992. The fully bent
configuration may engage the body lumen 992, thereby capturing embolic debris 994 in the
embolic filter 110 without allowing embolic debris to travel around the outside of the embolic
filter 110. The second guidewire and/or the second catheter can also be positioned after the
embolic filter 110 is deployed. The distal opening 140 of the embolic filter 110 is located in
the ascending aorta so that blood flows through the filter before flowing into the carotid
arteries or descending aorta. In some embodiments, when the embolic filter 110 is deployed,

the catheter 102 rests against the interior lumen wall, thereby stabilizing the catheter 102.
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The procedure can then be performed, and embolic debris dislodged or otherwise in the blood
stream during the procedure is captured by the embolic filter 110.

[00144]  After the procedure, the pull wire 122 is advanced and the outer sheath 112 is
longitudinally distally advanced to recapture the embolic filter 110, returning the frame to the
unbent configuration and returning the embolic filter 110 to the collapsed configuration and
capturing any embolic debris 994 (see FIG. 9E) contained within the embolic filter 110. The
second catheter and catheter 102 can then be withdrawn from the patient's body. The catheter
102 can be retracted over the guidewire 990 or without straightening the distal portion 104 of
the catheter 102 because the arcuate shape of the distal portion 104 is atraumatic to the blood
vessels.

[00145]  In some embodiments, the procedure performed is a cardiac valve replacement
procedure, for example an aortic valve replacement procedure. The embolic protection
device 100 is introduced into the patient and navigated to the aortic valve as described herein
and shown in FIGS. 9A-9E. The radiopaque marker(s) 106 assist in delineating the lower
border of the noncoronary cusp to assist in proper positioning of a percutaneously implanted
replacement aortic valve. Once the catheter 102 is positioned, a second guidewire can be
percutaneously inserted into a second body lumen and navigated to the level of the ascending
aorta or left ventricle. A balloon can be tracked over the second guidewire to the aortic
valve. The outer sheath 112 is then retracted to deploy the embolic filter 110 and the pull
wire 122 is retracted to bend the frame 124 to a bent configuration. Balloon inflation of the
valve can then be performed, and the embolic filter 110 captures embolic debris 994
dislodged during the procedure or otherwise in the blood stream. After balloon pre-dilation,
the pull wire 122 is advanced and the outer sheath 112 is advanced to recapture the embolic
filter 110 and any embolic debris 994 contained within the embolic filter 110. The balloon is
removed, and a second catheter carrying a valvular prosthesis is advanced to the level of the
ascending aorta by tracking the catheter over the second guidewire. The outer sheath 112 is
again retracted to redeploy the embolic filter 110 and the pull wire 122 is again retracted.
The radiopaque marker(s) 106 allow the user to properly position the valve prosthesis, for
example about 4 mm to about 6 mm below the lower border of the noncoronary cusp. After
the procedure is completed, the pull wire 122 is advanced and the outer sheath 112 is
advanced to recapture the embolic filter 110 and any captured embolic debris 994, and the
catheters are removed from the body. In some embodiments, the second catheter can be
removed prior to recapturing the embolic filter 110 and embolic debris 994.

[00146] In some embodiments, the procedure is a cardiac valve repair procedure. The

method described herein can also be adapted for a mitral valve repair or replacement
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procedure. In some embodiments, the procedure is a radio frequency ablation procedure, for
example to treat atrial fibrillation. In some embodiments, the procedure is a catheterization
procedure or structural heart procedure.

[00147] In some embodiments, a method of capturing embolic debris as described herein
may include inserting a second catheter device through the same vessel as the embolic
protection device. The second catheter device may be inserted after the embolic protection
device and may be tracked along a longitudinal groove in the outer surface of the embolic
protection device. For example, a valve delivery catheter device may be guided alongside
the embolic protection device and beyond the distal end of the embolic protection device by
tracking the valve delivery device along the groove. Advantageously, the second device may
be tracked along the groove and pass beyond the embolic protection device while the embolic
filter is deployed as shown, for example, in FIG. 13A.

[00148] FIG. 10 illustrates another embodiment of a method 1000 of deflecting and
capturing embolic debris during a medical procedure using an embolic protection device
1001. The embolic protection device 1001 is similar to the embolic protection device 300
that is described in FIGS. 3A — 3D, in that it has an intermediate tube 1030. The embolic
protection device 1001 further comprises an embolic filter 1010 that is movably coupled to a
catheter 1002 by way of a frame 1024 and is longitudinally movable with respect to the
catheter 1002. As shown in the figure, the catheter 1002 is at least partially surrounded by a
support catheter 1050 that terminates at a head 1052, proximal to a distal portion 1004 of the
catheter 1002. The embolic filter 1010 is coupled to the intermediate tube 1030 that at least
partially circumferentially surrounds the support catheter 1050. The intermediate tube 1030
is longitudinally movable with respect to the catheter 1002.

[00149] The embolic protection device 1001 further comprises an outer sheath (not shown)
configured to at least partially circumferentially surround both the catheter 1002/support
catheter 1050 and the intermediate tube 1030. The intermediate tube 1030 and the outer
sheath can be moved simultaneously and independently. The longitudinal position of the
embolic filter 1010 with respect to the catheter 1002 can be adjusted while the embolic filter
1010 is in the collapsed configuration or in a deployed or partially deployed, expanded
configuration.

[060150] The method 1000 includes capturing emboli using the embolic protection
device 1001 in a manner similar to the method 900 described above with reference to FIGS.
9A — 9E. For example, a distal end 1016 of the catheter 1002 is inserted into a body lumen
1080 of a patient by tracking a lumen 1018 of the catheter 1002 over a guidewire, which was

previously percutaneously inserted into the body lumen 1080. The guidewire keeps a distal
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portion 1004 of the catheter 1002 substantially straight (e.g., from being in the generally
arcuate state) as the catheter 1002 is inserted into and navigated within the patient's body.
The radiopaque marker 1006 is used to visualize and position the distal portion 1004 of the
catheter 1002 during tracking. Visualization may also be accomplished by perfusing imaging
dye or contrast agent through apertures 1008 in the distal portion 1004 of the catheter 1002.
Once positioned at the desired anatomical landmark (e.g., the lower border of the
noncoronary cusp of the aortic valve), the guidewire is retracted a sufficient distance to allow
the distal portion 1004 of the catheter 1002 to assume the generally arcuate shape, as shown
in FIG. 10.

[00151] The longitudinal position of the embolic filter 1010 within the body lumen
1080 can be adjusted by simultaneously moving the intermediate tube 1030 and the outer
sheath. When the embolic filter 1010 is in the desired longitudinal position within the body
lumen 1080, the intermediate tube 1030 is held stationary while the outer sheath is retracted
to deploy the embolic filter 1010. Next, the pull wire 1022 is retracted to bend the frame
1024 and open the embolic filter 1010 to capture emboli.

[00152] The method 1000 further includes deflecting emboli. The embolic protection
device 1001 also comprises a deflector 1060 similar to that shown in FIGS. 4A — C. Once the
embolic protection device 1001 is in position (as described above), the deflector 1060 is
deployed from the outer sheath to cover the brachiocephalic and left common carotid artery.
In some patients, the deflector 1060 might also cover the left subclavian artery. During a
subsequent medical procedure, the deflector 1060 can prevent emboli from entering the
carotid arteries, and the embolic filter 1010 can capture emboli deflected by the deflector
1060 before it travels to other parts of the patient's body. The method 1000 can also be
performed with various other embolic protection devices, for example as described herein,
and deflector devices that may vary in configuratiori and how they are introduced into the
body and navigated to the aortic arch.

{00153] FIG. 11 illustrates another embodiment of a method 1100 of deflecting and
capturing embolic debris. An embolic protection device 1101 comprises a catheter 1102
(e.g., a pigtail catheter) with a radiopaque marker 1106 and an embolic filter 1110 disposed
around the catheter 1102 similar to the embolic filter 110 illustrated in FIGS. 1A — IF and
described herein. As shown in the figure, the catheter 1102 is partially surrounded by a
support catheter 1150 that terminates at a head 1152, proximal to a distal portion 1104 of the
catheter 1102.

[00154] The method 1100 includes capturing emboli using the embolic protection device

1101 in a manner similar to the method 900 described above with reference to FIGS. 9A —
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9E. For example, a distal end 1116 of the catheter 1102 is inserted into a body lumen 1180 of
a patient by tracking a lumen 1118 of the catheter 1102 over a guidewire, which was
previously percutaneously inserted into the body lumen 1180. The guidewire keeps a distal
portion 1104 of the catheter 1102 substantially straight (e.g., from being in the generally
arcuate state) as the catheter 1102 is inserted into and navigated within the patient's body.
The radiopaque marker 1106 is used to visualize and position the distal portion 1104 of the
catheter 1102 during tracking. Visualization may also be accomplished by perfusing imaging
dye or contrast agent through apertures 1108 in the distal portion 1104 of the catheter 1102.
[00155] Once positioned at the desired anatomical landmark (e.g., the lower border of the
noncoronary cusp of the aortic valve), the guidewire is retracted a sufficient distance to allow
the distal portion 1104 of the catheter 1102 to assume the generally arcuate shape, as shown
in FIG. 11. An outer sheath (not shown) of the catheter 1102 is longitudinally, proximally
retracted, allowing the embolic filter 1110 to assume the expanded, deployed configuration,
as shown in FIG. 11. Next, the pull wire 1122 is retracted to bend the frame 1124 and open
the embolic filter 1110 to capture emboli.

[00156] The method 1100 further includes deflecting emboli with a deflector 1160. As
shown, the deflector 1160 is mounted to a shaft 1162 and contained in an introducer 1168
during insertion. The introducer 1168 is introduced into the patient's body through the artery
(e.g., right radial artery) and navigated to the aortic arch via the brachiocephalic artery. Once
in position, the deflector 1160 is deployed from the introducer 1168 and pulled back to cover
the brachiocephalic and left common carotid artery. In some patients, the deflector 1160
might also cover the left subclavian artery. In some embodiments, the deflector 1160 can be
introduced and deployed before the catheter 1102 is navigated to the aortic arch. During a
subsequent medical procedure, the deflector 1160 can prevent emboli from entering the
carotid arteries, and the embolic filter 1110 can capture emboli deflected by the deflector
1160 before it travels to other parts of the patient's body. The method 1100 can also be
performed with various other embolic protection devices, for example as described herein,
and deflector devices that may vary in configuration and how they are introduced into the
body and navigated to the aortic arch.

[00157]  Another aspect of the present invention provides a method of capturing embolic
debris during a closed-heart procedure, comprising inserting a distal end of a embolic
protection device into a body lumen, the embolic protection device comprising a catheter
having a proximal end, a distal end, and a lumen extending from the proximal end of the
catheter to the distal end of the catheter, wherein the lumen is configured to house a

guidewire, and a distal portion of the catheter that assumes a generally arcuate shape being at
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least a semi-circle when the guidewire is at least partially longitudinally retracted; a self-
expanding embolic filter that is disposed around the catheter proximal to the distal portion,
wherein the embolic filter comprises a frame, and the frame defines an opening of the
embolic filter; a deployment mechanism that is disposed around at least a portion of the
catheter, wherein the deployment mechanism is longitudinally movable with respect to the
catheter, the deployment mechanism is configured to contain the embolic filter in a collapsed
configuration, and the embolic filter is configured to self-expand upon longitudinal retraction
of the deployment mechanism; and a pull wire coupled to the frame of the embolic filter,
wherein the wire is longitudinally movable, and when longitudinally retracted, bends the
frame longitudinally toward the proximal end of the catheter and laterally outward from the
catheter, such that the opening of the embolic filter generally faces the distal end of the
catheter. The method further includes tracking the lumen of the catheter over the guidewire
that is percutaneously inserted into the body lumen.

[00158] Some embodiments further comprise at least partially longitudinally retracting the
guidewire from the lumen of the catheter, so that the distal portion of the catheter assumes a
generally arcuate shape being at least a semi-circle.

[00159] 1In some embodiments, the distal portion of the catheter comprises a radiopaque
marker; and the method further comprises positioning the catheter by visualizing the
radiopaque marker using an imaging technique.

[00160] Some embodiments comprise at least partially longitudinally retracting the
deployment mechanism and allowing the self-expanding embolic filter to assume an
expanded, deployed configuration.

[00161] Some embodiments comprise longitudinally retracting the wire, thereby bending
the frame longitudinally toward the proximal end of the catheter and laterally outward from
the catheter, wherein the opening defined by the frame substantially spans the body lumen.
[00162] Some embodiments comprise longitudinally retracting the wire to a proximal
position, thereby bending the frame so that the opening of the filter defined by the frame is
substantially perpendicular to the longitudinal direction of the catheter, wherein the opening
defined by the frame substantially spans the body lumen.

[00163] In some embodiments, the embolic filter is movably coupled to the catheter and is
longitudinally moveable with respect to the catheter, and the method comprises longitudinally
moving the embolic filter with respect to the catheter.

[00164] In some embodiments, the embolic protection device comprises a self-expanding
deflector coupled to the catheter proximal to the distal portion, and the method comprises

deploying the self-expanding deflector to direct embolic debris toward the embolic filter.

36

-262-



WO 2019/173475 PCT/US2019/020952

[00165] In some embodiments, the deployment mechanism is a sheath that is
circumferentially disposed around at least a portion of the catheter.

[00166] In some embodiments, the distal portion of the catheter comprises one or more
apertures that communicate with the lumen of the catheter; the method further comprising
perfusing a fluid into the body lumen through the one or more apertures.

[00167] In some embodiments, the embolic protection device comprises a longitudinal
groove along an outer surface of the embolic protection device; the method further
comprising inserting a second catheter device alongside the embolic protection device by
tracking the second catheter device along the groove.

[00168] In some embodiments, the second catheter device is advanced past the embolic
filter of the embolic protection device while the embolic filter is in a deployed configuration.
[00169]  Another aspect of the present invention provides a method of capturing embolic
debris during a closed-heart procedure, the method comprising inserting a distal end of a
embolic protection device into a body lumen, the embolic protection device comprising a
catheter having a proximal end, a distal end, and a lumen extending from the proximal end of
the catheter to the distal end of the catheter, wherein the lumen is configured to house a
guidewire, and a distal portion of the catheter assumes a generally arcuate shape being at least
a semi-circle when the guidewire is at least partially longitudinally retracted; a self-expanding
embolic filter that is disposed around the catheter proximal to the distal portion, wherein the
embolic filter comprises a frame, and the frame defines an opening of the embolic filter; a
deployment mechanism that is disposed around at least a portion of the catheter, wherein the
deployment mechanism is longitudinally movable with respect to the catheter, the
deployment mechanism is configured to contain the embolic filter in a collapsed
configuration, and the embolic filter is configured to self-expand upon longitudinal retraction
of the deployment mechanism; a wire coupled to the frame of the self-expanding filter,
wherein the wire is longitudinally movable, and when longitudinally retracted, bends the
frame longitudinally toward the proximal end of the catheter and laterally outward from the
catheter, such that the opening of the embolic filter generally faces the distal end of the
catheter

[00170] The method further includes tracking a lumen of the catheter over a guidewire that
is percutaneously inserted into the body lumen and at least partially longitudinally retracting
the guidewire from the lumen of the catheter, so that the distal portion of the catheter assumes
a generally arcuate shape being at least a semi-circle upon retracting the guidewire from the
distal portion of the catheter. The method further includes longitudinally retracting the
deployment mechanism and deploying the self-expanding embolic filter. The method further
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includes longitudinally retracting the wire and bending the frame of the embolic filter
longitudinally toward the proximal end of the catheter and laterally outward from the
catheter.

[00171]  Yet another aspect of the present invention provides a method 1200 of capturing
embolic debris during a closed-heart medical procedure (e.g., an aortic valve replacement
procedure), as illustrated in a stepwise fashion in FIGS. 12A — 12D, using an embolic
protection device of the present invention (e.g., the embolic protection device 600, 700, or
800 as described herein).

[00172] Referring to FIG. 12A, in one embodiment, a guidewire 1290 is percutaneously
inserted into a body lumen 1292 of a patient, for example a femoral, radial, brachial, or
subclavian artery, and navigated to the desired anatomical location, for example, the
ascending aorta. The guidewire 1290 can be a J-tipped wire having a diameter of about 0.035
in. (approx. 0.089 cm). Other types and dimensions of guidewires useful for this method are
also possible.

[00173] In other embodiments, the proximal end of the guidewire 1290 is inserted into the
opening at the distal end 616 of the catheter 602. When the guidewire 1290 is in the lumen
618 of the catheter 602 at the distal portion 604 of the catheter 602, the distal portion 604 of
the catheter is straightened or assumes the curvature of the guidewire 1290. The distal end
616 of the catheter 602 is inserted into the body lumen 1292 by tracking the lumen 618 of the
catheter 602 over the guidewire 1290, as shown in FIG. 12A. The outer diameter of the
guidewire 1290 is smaller than the inner diameter of the embolic protection device 600 such
that the embolic protection device 600 may be tracked over the guidewire 1290. The inner
surface of the lumen 618 and/or the outer surface of the guidewire 1290 may include a
lubricious coating to reduce friction during tracking. The guidewire 1290 keeps the distal
portion 604 of the catheter 602 substantially straight (e.g., from being in the generally arcuate
state) as the catheter 602 is inserted into and navigated within the patient's body.

[00174] The radiopaque marker(s) 606 are used to visualize and position the distal portion
604 of the catheter 602 during tracking. The guidewire 1290 is retracted, i.e., moved
longitudinally in a proximal direction, a sufficient distance to allow the distal portion 604 of
the catheter 602 to assume the generally arcuate shape, as shown in FIG. 12B. The distal
portion 604 of the catheter 602 is positioned at the desired anatomical landmark, for example,
the lower border of the noncoronary cusp of the aortic valve. The radiopaque marker(s) 606
are on the distal-most section of the distal portion 604 when the distal portion 604 assumes its

generally arcuate shape. In some embodiments, the distal portion 604 of the catheter 602
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may be infused with a radiopaque material so that the entire distal portion 604 is visible using
imaging techniques.

[00175]  In other embodiments of the method, the proximal end 614 of the catheter 602 is
connected to a contrast material injector, and contrast material is injected into the lumen 618
of the catheter 602, for example to visualize the anatomy around the embolic protection
device 600. The contrast material exits the lumen 618 through the opening at the distal end
616 of the catheter 602 and/or through one or more apertures 608 in the side wall of the
catheter 602. Injecting contrast material can aid in visualizing and positioning the catheter
602.

[00176] In other embodiments, a second guidewire is percutaneously inserted into a
second body lumen, for example the other femoral artery, and a second catheter is tracked
over the second guidewire. The second catheter can carry a medical device or instrument, for
example, a replacement valve, a valve repair system, or a radio frequency ablation system.
Once the second catheter and associated device or instrument are properly positioned, the
outer sheath 612 is longitudinally retracted in the proximal direction, allowing the embolic
filter 610 to assume the self-expanded, deployed configuration, as shown in FIG. 12C.
[00177] Next, the push wire 622 can be advanced to bend the filter frame of the embolic
filter 610. The push wire and the filter frame are not shown in FIGS. 12A — 12D, but can be
seen in FIGS. 6B — 6F as the push wire 622 and the frame 624, respectively. The push wire
bends the filter frame in a distal longitudinal direction and laterally outward. In the bent
configuration (i.e., with the pull wire advanced in the distal direction), as shown in FIG. 12D,
the distal opening 640 of the embolic filter 610 may be substantially perpendicular to the
catheter 602 and may span laterally across the body lumen 1292, substantially perpendicular
to the longitudinal axis of the body lumen 1292. To accommodate the size of the body lumen
1292, the push wire can be advanced farther to extend the frame in the radial direction and
further expand the embolic filter 610.

[00178] The bent configuration may engage the body lumen 1292, thereby capturing
embolic debris 1294 in the embolic filter 610 without allowing embolic debris to travel
around the outside of the embolic filter 610. The second guidewire and/or the second
catheter can also be positioned after the embolic filter 610 is deployed. The distal opening
640 of the embolic filter 610 is located in the ascending aorta so that blood flows through the
embolic filter 610 before flowing into the carotid arteries or descending aorta. In some
embodiments, when the embolic filter 610 is deployed, the catheter 602 rests against the

interior lumen wall, thereby stabilizing the catheter 602. The procedure can then be
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performed and embolic debris 1294 dislodged or otherwise in the blood stream during the
procedure is captured by the embolic filter 610.

[00179]  After the procedure, the push wire 622 is retracted and the outer sheath 612 is
longitudinally and distally advanced to recapture the embolic filter 610, returning the filter
frame to the unbent configuration and returning the embolic filter 610 to the collapsed
configuration. And in turn capturing any embolic debris 1294 (see FIG. 12D) contained
within the embolic filter 610. The second catheter and catheter 602 can then be withdrawn
from the patient's body. The catheter 602 can be retracted over the guidewire 1290 or
without straightening the distal portion 604 of the catheter 602 because the arcuate shape of
the distal portion 604 is atraumatic to the blood vessels.

{00180] In other embodiments, the procedure performed is a cardiac valve replacement
procedure, for example an aortic valve replacement procedure. The embolic protection
device 600 is introduced into the patient and navigated to the aortic valve as described herein
and shown in FIGS. 12A — 12D. The radiopaque marker(s) 606 assist in delineating the
lower border of the noncoronary cusp to assist in proper positioning of a percutaneously
implanted replacement aortic valve. Once the catheter 602 is positioned, a second guidewire
can be percutaneously inserted into a second body lumen and navigated to the level of the
ascending aorta or left ventricle. A balloon can be tracked over the second guidewire to the
aortic valve. The outer sheath 612 is then retracted to deploy the embolic filter 610 and the
push wire 622 is advanced to bend the frame 624 to a bent configuration. And if needed to
engage the interior body lumen 1292, the push wire 622 may be advanced even farther to
extend the frame 624 to an extended configuration. Balloon inflation of the valve can then be
performed, and the embolic filter 610 captures embolic debris 1294 dislodged during the
procedure or otherwise in the blood stream. After balloon pre-dilation, the push wire 622 is
retracted and the outer sheath 612 is advanced to recapture the embolic filter 610 and any
embolic debris 1294 contained within the embolic filter 610. The balloon is removed, and a
second catheter carrying a valvular prosthesis is advanced to the level of the ascending aorta
by tracking the catheter over the second guidewire. The outer sheath 612 is again retracted to
redeploy the embolic filter 610 and the push wire 622 is again advanced. The radiopaque
marker(s) 606 allow the user to properly position the valve prosthesis, for example about 4
mm to about 6 mm below the lower border of the noncoronary cusp. After the procedure is
completed, the push wire 622 is retracted and the outer sheath 612 is advanced to recapture
the embolic filter 610 and any captured embolic debris 1294, and the catheters are removed
from the body. In some embodiments, the second catheter can be removed prior to

recapturing the embolic filter 610 and embolic debris 1294.
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[00181]  In other embodiments, the procedure is a cardiac valve repair procedure. The
method described herein can also be adapted for a mitral valve repair or replacement
procedure. In some embodiments, the procedure is a radio frequency ablation procedure, for
example to treat atrial fibrillation. In some embodiments, the procedure is a catheterization
procedure or structural heart procedure.

[00182] In other embodiments, a method of capturing embolic debris as described herein
may include inserting a second catheter device through the same vessel as the embolic
protection device. The second catheter device may be inserted after the embolic protection
device and may be tracked along a longitudinal groove in the outer surface of the embolic
protection device. For example, a valve delivery catheter device may be guided alongside
the embolic protection device and beyond the distal end of the embolic protection device by
tracking the valve delivery device along the groove. Advantageously, the second device may
be tracked along the groove and pass beyond the embolic protection device while the embolic
filter is deployed as shown, for example, in FIG. 13A.

[00183] Another aspect of the present invention provides a method of capturing embolic
debris during a closed-heart procedure, comprising inserting a distal end of a embolic
protection device into a body lumen, the embolic protection device comprising a catheter
having a proximal end, a distal end, and a lumen extending from the proximal end of the
catheter to the distal end of the catheter, wherein the lumen is configured to house a
guidewire, and a distal portion of the catheter that assumes a generally arcuate shape being at
least a semi-circle when the guidewire is at least partially longitudinally retracted; a self-
expanding embolic filter that is disposed around the catheter proximal to the distal portion,
wherein the embolic filter comprises a frame, and the frame defines an opening of the
embolic filter; a deployment mechanism that is disposed around at least a portion of the
catheter, wherein the deployment mechanism is longitudinally movable with respect to the
catheter, the deployment mechanism is configured to contain the embolic filter in a collapsed
configuration, and the embolic filter is configured to self-expand upon longitudinal retraction
of the deployment mechanism; and a wire coupled to the frame of the embolic filter, wherein
the wire is longitudinally movable with respect to the catheter; when the wire is
longitudinally advanced, in a distal direction, to a first position, the wire is configured to bend
the frame longitudinally towards the distal end of the catheter and laterally outward from the
catheter, such that the opening of the embolic filter generally faces the distal end of the
catheter and expands to a first diameter; and when the wire is longitudinally advanced, in the
distal direction, to a second position distally farther than the first position, the wire is

configured to extend the frame radially outward from the catheter, such that the opening of
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the embolic filter expands to a second diameter larger than the first diameter. The method
further includes tracking the lumen of the catheter over the guidewire that is percutaneously
inserted into the body lumen.

[00184]  Other embodiments further comprise at least partially longitudinally retracting the
guidewire from the lumen of the catheter, so that the distal portion of the catheter assumes a
generally arcuate shape being at least a semi-circle.

[00185] In other embodiments, the distal portion of the catheter comprises a radiopaque
marker; and the method further comprises positioning the catheter by visualizing the
radiopaque marker using an imaging technique.

[00186] Other embodiments comprise at least partially longitudinally retracting the
deployment mechanism and allowing the self-expanding embolic filter to assume an
expanded, deployed configuration.

[00187] Other embodiments comprise longitudinally advancing the wire, thereby bending
the frame longitudinally toward the proximal end of the catheter and laterally outward from
the catheter, wherein the opening defined by the frame substantially spans the body lumen.
[00188] Other embodiments comprise longitudinally advancing the wire to the first
position, thereby bending the frame longitudinally towards the distal end of the catheter and
laterally outward from the catheter, and expanding the opening of the embolic filter to the
first diameter, which substantially spans the body lumen.

[00189] Other embodiments comprise longitudinally advancing the wire to the second
position distally farther than the first position, thereby extending the frame radially outward
from the catheter and expanding the opening of the embolic filter to the second diameter
larger than the first diameter, which substantially spans the body lumen.

[00190] In other embodiments, the deployment mechanism is a sheath that is
circumferentially disposed around at least a portion of the catheter.

[00191] In other embodiments, the distal portion of the catheter comprises one or more
apertures that communicate with the lumen of the catheter; the method further comprising
perfusing a fluid into the body lumen through the one or more apertures.

[00192] In other embodiments, the embolic protection device comprises a longitudinal
groove along an outer surface of the embolic protection device; the method further
comprising inserting a second catheter device alongside the embolic protection device by
tracking the second catheter device along the groove.

[00193] In other embodiments, the second catheter device is advanced past the embolic

filter of the embolic protection device while the embolic filter is in a deployed configuration.
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[00194]  Another aspect of the present invention provides a method of capturing embolic
debris during a closed-heart procedure, the method comprising inserting a distal end of a
embolic protection device into a body lumen, the embolic protection device comprising a
catheter having a proximal end, a distal end, and a lumen extending from the proximal end of
the catheter to the distal end of the catheter, wherein the lumen is configured to house a
guidewire, and a distal portion of the catheter assumes a generally arcuate shape being at least
a semi-circle when the guidewire is at least partially longitudinally retracted; a self-expanding
embolic filter that is disposed around the catheter proximal to the distal portion, wherein the
embolic filter comprises a frame, and the frame defines an opening of the embolic filter; a
deployment mechanism that is disposed around at least a portion of the catheter, wherein the
deployment mechanism is longitudinally movable with respect to the catheter, the
deployment mechanism is configured to contain the embolic filter in a collapsed
configuration, and the embolic filter is configured to self-expand upon longitudinal retraction
of the deployment mechanism; a wire coupled to the frame of the self-expanding filter,
wherein the wire is longitudinally movable.

[00195] The method further includes tracking the lumen of the catheter over the guidewire
that is percutaneously inserted into the body lumen and at least partially longitudinally
retracting the guidewire from the lumen of the catheter, so that the distal portion of the
catheter assumes a generally arcuate shape being at least a semi-circle upon retracting the
guidewire from the distal portion of the catheter. The method further includes longitudinally
retracting the deployment mechanism and deploying the self-expanding embolic filter. The
method further includes longitudinally advancing the wire, in a distal direction, to a first
position, thereby bending the frame longitudinally towards the distal end of the catheter and
laterally outward from the catheter, and expanding the opening of the embolic filter to a first
diameter.

[00196]) IV.EXAMPLES

[00197] Example 1: Cadaver Model

[00198] Referring to FIGS. 13A and 13B, an embolic protection device of the present
invention (EPD-1) was tested in a human cadaver model to visually assess the device's ability
to cover all cerebral vessels with an embolic filter while an endovascular device was passed
through the aorta and alongside the EPD-1. In the photographs of FIGS. 13A and 13B, the
EPD-1 is deployed and covering the opening of cerebral vessels of the cadaver while at the
same time, a TAVR delivery system passes above the filter. In FIG. 13A, the TAVR delivery
system is tracked along a longitudinal groove on the outer surface of the EPD-1 catheter. In

FIG. 13B, the TAVR delivery system is tracked outside the groove of the EPD-1 catheter.
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[00199] Example 2: Clinical Study
[00200] Referring to FIG. 14 and FIGS. 15A — 15J, the safety and performance of an

embolic protection device according to the present invention ("EPD-1") was assessed during

transcatheter aortic valve replacement (TAVR) procedures on human subjects. The primary
objective was to evaluate the performance and the treatment of effect of the use of the EPD-1
during TAVR with respect to procedure-related cerebral embolic burden as determined by
diffusion-weighted magnetic resonance imaging (DW-MRI). A secondary objective was to
analyze the safety profile and type of captured debris from the EPD-1 filter after TAVR.
[00201] The study was designed as a multi-center non-randomized trial including up to 5
clinical sites to evaluate the performance and the treatment effect of the use of the EPD-1
during TAVR with respect to procedure-related silent ischemic damage and cerebral embolic
burden, as determined by DW-MRI studies performed before and after the procedure. A
secondary objective was to analyze the safety profile and the type of captured debris from the
EPD-1 filter after TAVR. The potential risk of neurological compromise and stroke was
assessed based on neurological evaluations pre and post procedure. The study population
was comprised of up to thirty (30) subjects with severe native aortic valve stenosis who meet
the commercially approved indications for TAVR and complied with the inclusion/exclusion
criteria.

[00202] Primary Endpoints: 1) Device performance: defined as the successful insertion,
placement, and removal of the EPD-1. Device performance was evaluated during and after
completion of the TAVR index procedure. 2) Acute cerebral embolic burden reduction after
TAVR, defined as number and volume of brain lesions detected with DW MRI at Day 2-5
post TAVR procedure compared with baseline.

[00203] Secondary Endpoints: 1) Rate of major adverse cardiac and cerebrovascular
events at 30-days post TAVR index procedure compared to historical data. Major Adverse
Cardiac and Cerebrovascular Events (MACCE) are defined as: All-cause mortality; All
stroke (major, minor, TIA); Acute Kidney Injury (Class 3). 2) Clinical assessment of
subject's neurological status pre- and post-index procedure using the NIH stroke scale.
[00204] Eleven subjects were enrolled in a multi-center, non-randomized, prospective pilot
study. The performance characteristics of the EPD-1 were evaluated post-procedurally and
scored on a 5-point score (1, unacceptable to S, excellent). The average performance across
all patients of all characteristics for the EPD-1 was 4.8 at clinical site 1 and 3.4 at clinical site
2. Average performance scores (at each of the clinical sites) for each assessed characteristic
EPD-1 performance are illustrated in the bar graphs of FIG. 14. The characteristics scored

were: vessel access, tracking, use of sheath and deployment buttons, positioning, re-
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