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v:‘\\“‘\\ UNITED STATES DEPARTMENT OF COMMERCE

R 2 United States Patent and Trademark Office
3 Address: COMMISSIONER FOR PATENTS
P.O.Box 1450
Alexandria, Virginia 22313-1450
WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
16/681,564 07/28/2020 10722253 Syn2.0/ROAR CON 6608
27316 7590 07/08/2020
Mayback & Hoffman, P.A.
350 East Las Olas Blvd
Suite 1750

Fort Lauderdale, FL. 33301

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

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 Application Information
Retrieval (PAIR) WEB site (http://pair.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 Data Management (ODM) at
(571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

Derek Dee Deville, Coral Gables, FL;
Syntheon 2.0, LLC, Miami, FL;
Matthew A. Palmer, Miami, FL;
William T. Bales, Miami, FL;

M. Sean McBrayer, Coral Gables, FL;
Eric Petersen, Homestead, FL;
Richard Cartledge, Boca Raton, FL;
Thomas O. Bales, Miami, FL;

Carlos Rivera, Cooper City, FL;

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)

Penumbra, Inc., Ex. 1031, Page 1 of 776
Penumbra, Inc. v. RapidPulse, Inc.



PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

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 including the Patent, advance orders and notification of maintenance fees 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.
Note: A certificate of mailing can only be used for domestic mailings of the
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.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

27316 7590 03/04/2020 Certificate of Mailing or Transmission

Mayback & Hoffman, P.A I hereby certify that this Fee(s) Transmittal is being deposited with the United
o States Postal Service with sufficient postage for first class mail in an envelope
350 East Las Olas Blvd addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
Suite 1750 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
Fort Lauderdale, FL 33301 Chris Mendez (Typed or printed name)
/Chl‘iS MendeZ/ (Signature)
June 4, 2020 (Date)
I APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |

16/681,564 11/12/2019 Derek Dee Deville Syn2.0/ROAR CON 6608

TITLE OF INVENTION: ASPIRATION THROMBECTOMY SYSTEM AND METHODS FOR THROMBUS REMOVAL WITH ASPIRATION CATHETER

| APPLN. TYPE I ENTITY STATUS I ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional SMALL $500 $0.00 $0.00 $500 06/04/2020
I EXAMINER | ART UNIT | CLASS-SUBCLASS |
MILES, JONATHAN WADE 3771 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 Gregory L. MaYbaCk

(2) The name of a single firm (having as a member a I :
registered attorney or agent) and the names of upto 2 Dickinson erght PLLC

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/SB/122) attached.

(] "Fee Address" indication (or "Fee Address" Indication form PTO/
SB/47; Rev 03-09 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)

9%}

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)

Syntheon 2.0, LLC Miami, FL USA

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: (Hissue Fee (JPublication Fee (if required) [JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

(A Electronic Payment via EFS-Web (] Enclosed check (] Non-electronic payment by credit card (Attach form PTO-2038)
@ The Director is hereby authorized to charge the-required-feets), any deficiency, or credit any overpayment to Deposit Account No. 04-1061

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.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

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

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

M| Applicant changing to regular undiscounted fee status.

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.

/Gregory L. Mayback/ pae June 4, 2020

Authorized Signature

Typed or printed name GI'G}ZOI'V L. Mayback Registration No. 40719

Page 2 of 3
PTOL-85 Part B (08-18) Approved for use through 01/31/2020 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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Electronic Patent Application Fee Transmittal

Application Number:

16681564

Filing Date:

12-Nov-2019

Title of Invention:

ASPIRATION THROMBECTOMY SYSTEM AND METHODS FOR THROMBUS

REMOVAL WITH ASPIRATION CATHETER

First Named Inventor/Applicant Name:

Derek Dee Deville

Filer:

Gregory L. Mayback/Chris Mendez

Attorney Docket Number:

Syn2.0/ROAR CON

Filed as Small Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount Suz—;l'g(t;)l in

Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:

UTILITY APPL ISSUE FEE 2501 1 500 500
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Description

Fee Code

Quantity

Amount

Sub-Total in
UsSD(S)

Extension-of-Time:

Miscellaneous:

Total in USD ($)

500
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Electronic Acknowledgement Receipt

EFS ID: 39631686
Application Number: 16681564
International Application Number:
Confirmation Number: 6608

Title of Invention:

ASPIRATION THROMBECTOMY SYSTEM AND METHODS FOR THROMBUS
REMOVAL WITH ASPIRATION CATHETER

First Named Inventor/Applicant Name:

Derek Dee Deville

Customer Number:

27316

Filer:

Gregory L. Mayback/Chris Mendez

Filer Authorized By:

Gregory L. Mayback

Attorney Docket Number: Syn2.0/ROAR CON
Receipt Date: 04-JUN-2020
Filing Date: 12-NOV-2019
Time Stamp: 17:49:48

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type CARD

Payment was successfully received in RAM $500

RAM confirmation Number E202064H50321358

Deposit Account

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
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File Listing:

Document - . File Size(Bytes)/ Multi Pages
Document Description File Name A . .
Number Message Digest | Part/.zip| (if appl.)
88973
2020-06-04-
1 Issue Fee Payment (PTO-85B) _Syn20_Roar_Con_lIssue_Fee_T] no 1
ransmittal_pdf 9c06b56ed112cf1490a89980c5f75bca3db
bfeb
Warnings:
Information:
30660
2 Fee Worksheet (SB06) fee-info.pdf no 2
3f9fabf2d77ca75787123ced4e808a7b4638]
dféc
Warnings:
Information:
Total Files Size (in bytes){ 119633

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

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

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

P.Q. Box 1450

Alexsndria, Virginia 22313-1450
WWW.ASPIG.ZOV
E APPLICATION NO. i FILING DATE E FIRST NAMED INVENTOR } ATTORNEY DOCKET NO. g CONFIRMATION NG. !
16/681,564 11/12/2019 Derek Dee Deville Syn2. O/ROAR CON 5608
27316 7590 04/26/2020
EXAMINER
Mayback & Hoffman, P.A. E i
350 East Las Olas Blvd MILES, JONATHAN WADE
Suite 1750
Fort Lauderdale, FL 33301 E ART UNIT i PAPER NUMBER i
3771
[ MAIL DATE E DELIVERY MODE E
04/26/2020 PAPER

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

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

PTOL-90A (Rev. 04/07)
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UNITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for Patents

United States Patent and Trademark Office
B.0. Box 1450

Alexandria, VA 22313-1450
wwv.usplo.gov

Application No. : 16681564
Applicant : Deville
Filing Date : 11/12/2019
Date Mailed : 04/26/2020

NOTICE TO FILE CORRECTED APPLICATION PAPERS

Neotice of Allowance Mailed

This application has been accorded an Allowance Date and is being prepared for issuance. The
application, however, is incomplete for the reasons below.

Applicant is given two (2) months from the mail date of this Notice within which to respond. This
time period for reply is extendable under 37 CFR 1.136(a} for only TWO additional MONTHS,

The informalities requiring correction are indicated in the attachment(s). If the informality pertains to the
abstract, specification (including claims) or drawings, the informality must be corrected with an
amendment in compliance with 37 CFR 1.121 (or, if the application is a reissue application, 37 CFR
1.173}. Such an amendment may be filed after payment of the issue fee if limited to correction of
informalities noted herein. See Waiver of 37 CFR 1.312 for Documents Required by the Office of Patent
Publication, 1280 Off. Gaz. Patent Office 918 (March 23, 2004). In addition, if the informality is not
corrected until after payment of the issue fee, for purposes of 35 U.S.C. 154(b)(1)(iv), “all outstanding
requirements” will be considered to have been satisfied when the informality has been corrected. A
failure to respond within the above-identified time period will result in the application being
ABANDONED.

See attachment(s).

A copy of this notice MUST be returned with the reply. Please address response o
“Mail Stop Issue Fee, Commissioner for Patents,
PG Box 1450, Alexandria, VA 22313-1450”,

/Daxa Patel/

Publication Branch

Office of Data Management
(571) 272-4200
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Application No. 16681564 Drawings filed: 11/12/2019
IDENTIFICATION OF DRAWING DEFICIENCIES

There is a hole or the image thereof within the illustration. FIG(s)

The illustration is penetrated or traversed by a solid or broken line that is not intended to be part of the
drawing, such as a dark line caused by a flaw in the copying process. FIG(s)

An ink stamp or the image thereof obscures part of the illustration. FIG(s)

The drawing is marred by black smudges, obliterations, or fax/copier marks (for example, speckles or dots
in a substantial portion of the drawing). FIG(s)

Figure numbers are duplicated or missing. FIG(s)
Drawing sheet or figure is missing. FIG(s)

Numbers, letters, or reference characters in the drawing have been crossed out or are illegibly handwritten.

FIG(s)
The character of the lines, numbers, and letters is poor. FIG(s) 50-51

The drawing's background shows that the original drawing was made on graph paper or other paper with a
pattern or decoration. FIG(s)

The FIG. number label is placed in a location that causes the drawing to be read upside down. FIG(s)

MO UM OO0 OO0 OO0

Data, a reference number, or part of the drawing is truncated or missing, or a lead line has no reference
number. FIG(s) 51

The drawing and/or the FIG. label contain(s) foreign language. FIG(s)

This utility application contains a photograph of a view that is capable of being illustrated as a line drawing.
FIG(s)

A petition under 37 CFR 1.84(a)(2) to accept color drawings has been granted, but the brief description of
the drawings in the specification does not contain (or has not been amended to contain) the paragraph
required by 37 CFR 1.84(a)(2)(iii).

This reissue application contains added and/or amended drawings that are not labeled as “New” or
“Amended” or “Canceled” as required by 37 CFR 1.173(b)(3). FIG(s)

This Design reissue application contains a drawing that is labeled as “Canceled” but is not surrounded by
brackets, or a drawing that is surrounded by brackets but is not labeled as “Canceled.” See 37 CFR
1.173(b)(3). FIG(s)

OTHER:

oo o ooo

COMMENTS:
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PATENT

CERTIFICATE OF ELECTRONIC TRANSMISSION

I hereby certify that this correspondence is being electronically transmitted to the U.S. Patent and
Trademark Office via EFS-Web on the date indicated below.

Signature: _ /Chris Mendez/ Date: _ 05/13/2020

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Appl. No. : 16/681,564 Confirmation No.: 6608

Applicant : Syntheon 2.0, LLC

Inventor : Derek Dee Deville, et al.

Filed : November 12, 2019

Title : ASPIRATION THROMBECTOMY SYSTEM AND METHODS
FOR THROMBUS REMOVAL WITH ASPIRATION
CATHETER

TC/AU. : 3771

Examiner : Jonathan Wade Miles

Docket No. ; Syn2.0/Roar Con/86082-13

Customer No. : 27316

VIA ELECTRONIC FILING

MAIL STOP ISSUE FEE
Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

RESPONSE TO NOTICE TO FILE CORRECTED APPLICATION PAPERS

Dear Commissioner:

Applicant is in receipt of the Notice to File Corrected Application Papers (hereinafter
“Notice”) issued on April 26, 2020. In response to the Notice, Applicant hereby submits the
following items to the U.S. Patent & Trademark Office, which are in compliance with 37 CFR
§1.121:

. Replacement Sheets of Figures 50 and 51; and

Penumbra, Inc., Ex. 1031, Page 10 of 776
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Resp. dated May 13, 2020
Reply to Notice of April 26, 2020

o Amended the references numbers on Figure 51.
Applicant respectfully submits that no new matter is introduced by virtue of these amendments
and that the objection set forth in the Notice has been duly addressed.

Lastly, the U.S. Patent & Trademark Office is hereby given authority to charge Deposit
Account No. 04-1061, for any fees due or any deficiencies of payments made for any purpose

during the pendency of the present application.

Respectfully submitted,

Date: May 13, 2020 By: /Gregory L. Mayback/
Gregory L. Mayback, Esq.
USPTO Reg. No. 40,719
Rebecca A. Tie, Esq.
USPTO Reg. No. 62,095

Attorneys for Applicant

Dickinson Wright PLLC

350 East Las Olas Blvd., Suite 1750
Ft. Lauderdale, FI. 33301

Office: 954.991.5420

Fax: 844.670.6009

Docket # Syn2.0/ROAR CON/86082-13 20f2 S/N 16/681,564
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Electronic Acknowledgement Receipt

EFS ID: 39435515
Application Number: 16681564
International Application Number:
Confirmation Number: 6608

Title of Invention:

REMOVAL WITH ASPIRATION CATHETER

ASPIRATION THROMBECTOMY SYSTEM AND METHODS FOR THROMBUS

First Named Inventor/Applicant Name:

Derek Dee Deville

Customer Number:

27316

Filer:

Gregory L. Mayback/Chris Mendez

Filer Authorized By:

Gregory L. Mayback

Attorney Docket Number: Syn2.0/ROAR CON
Receipt Date: 13-MAY-2020
Filing Date: 12-NOV-2019
Time Stamp: 19:18:37

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

no

File Listing:
Document .. . File Size(Bytes Multi Pages
Document Description File Name ( y M . . 9
Number Message Digest | Part/.zip| (if appl.)
99669
2020-04-26_Syn20_Roar_Con_|
1 Miscellaneous Incoming Letter Notice_to_file_corrected_appli no 3
catio n_patent_PTO_pdf 27477cbfd7ea71111d13770bf44482d9d06)
24a81
Warnings:
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The page size in the PDF is too large. The pages should be 8.5 x 11 or A4. If this PDF is submitted, the pages will be resized upon entry into the
Image File Wrapper and may affect subsequent processing

Information:

116934
3 Transmittal Letter accompanying New/ | 2020-05-13_Resp_Notice_Corr no 5
Add'l Drawings ect_App_Papers_86082-13.pdf]
09c888962654d6c408eeSee5b483f5cedbs)
2c5b9
Warnings:
Information:
75182
3 Drawings-only black and white line 2020-05-13_Replacement_dra no 2
drawings wings.pdf
d853a5d2d60d640765d46cch77e80calfsd|
7f79f
Warnings:

The page size in the PDF is too large. The pages should be 8.5 x 11 or A4. If this PDF is submitted, the pages will be resized upon entry into the
Image File Wrapper and may affect subsequent processing

Information:

Total Files Size (in bytes)1 291785

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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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. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO.
16/681,564 11/12/2019 Derek Dee Deville Syn2.0/ROAR CON 6608
27316 7590 05/11/2020 | EXAMINER
Mayback & Hoffman, P.A.
350 East Las Olas Blvd MILES, JONATHAN WADE
Suite 1750
Fort Lauderdale, FL 33301 | ART UNIT | PAPER NUMBER
3771
| MAIL DATE | DELIVERY MODE
05/11/2020 PAPER

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.

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)
. . 16/681,564 Deville et al.
Notice of Allowability Examiner ArtUnit | AIA (FITF) Status
WADE MILES 3771 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.

1.4} This communication is responsive to the Notice of Allowance mailed 3/4/20 and the interview conducted 5/6/20.
[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2.[J 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 1-21 . 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.[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a) LJAIl b) (JSome  *c) [J None of the:
1. [0 Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [ 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.

(O 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

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

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

of Biological Material
4.[V) Interview Summary (PTO-413),
Paper No./Mail Date. 5/6/20.

/WADE MILES/
Primary Examiner, Art Unit 3771

U.S. Patent and Trademark Office i
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20200506
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Application/Control Number: 16/681,564 Page 2
Art Unit: 3771

DETAILED ACTION
Notice of Pre-AIA or AIA Status

The present application, filed on or after March 16, 2013, is being examined under the first
inventor to file provisions of the AIA.

Priority

Per the interview conducted on May 6, 2020, with Greg Mayback, Examiner finds support for the
claimed subject matter in U.S. Application 15/516,232. See attached PTO-413 for further details.

Conclusion

Any inquiry concerning this communication or earlier communications from the examiner should
be directed to WADE MILES whose telephone number is (571) 270-7777 and whose fax number is (571)
270-8777. The examiner can normally be reached on Monday-Friday between the hours of 11:00 am and
7:00 pm.

If attempts to reach the examiner by telephone are unsuccessful, please contact the examiner’s
supervisor, ERIC ROSEN, at (571) 270-7855. The fax phone number for the organization where this
application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent Application
Information Retrieval (PAIR) system. Status information for published applications may be obtained
from either Private PAIR or Public PAIR. Status information for unpublished applications is available
through Private PAIR only. For more information about the PAIR system, see http:/pair-
direct.uspto.gov. Should you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a USPTO Customer
Service Representative or access to the automated information system, call 800-786-9199 (IN USA OR
CANADA) or 571-272-1000.

/WADE MILES/

Primary Examiner, Art Unit 3771
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Application No. Applicant(s)

16/681,564 Deville et al.
Applicant-Initiated Interview Summary Examiner ArtUnit | AlIA (FITF) Status
WADE MILES 3771 Yes

All participants (applicant, applicants representative, PTO personnel):

(1) WADE MILES. 3)

(2) GREG MAYBACK. 4) .

Date of Interview: 06 May 2020.

Type: Telephonic (0 Video Conference
(J Personal [copy given to: [J applicant  [J applicant's representative]

Exhibit shown or demonstration conducted: ~ [J Yes No.
If Yes, brief description:
Issues Discussed (J101  (J112 (102 [J103 MOthers
(For each of the checked box(es) above, please describe below the issue and detailed description of the discussion)

Claim(s) discussed: 1 and 21.

Identification of prior art discussed: Deville US 20200022712.

Substance of Interview
(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a
reference or a portion thereof, claim interpretation, proposed amendments, arguments of any applied references etc...)

Previously, examiner issued a Notice of Allowance in this application, but indicated the applicant did not have support
to claim priority to the parent application (US PGPUB 202000227 12) because there was no use of a "pre-determined"”
pattern or cycle of the vacuum and vent carried out by the controller. Applicant's representative, Greg Mayback,
indicated that support for the "pre-determined" pattern and cycle can be found in [0254] of the US PGPUB, wherein
the times are pre-selected in order to tune the device. The claim does not specify when the pre-determined pattern or
cycle is carried out by the controller, thus a selected pattern or cycle used for tuning the device does provide support
in the parent application for the claimed subject matter of the present application..

Applicant recordation instructions: The formal written reply to the last Office action must include the substance of the interview. (See MPEP
section 713.04). If a reply to the last Office action has already been filed, applicant is given a non-extendable period of the longer of one month or
thirty days from this interview date, or the mailing date of this interview summary form, whichever is later, to file a statement of the substance of the
interview.

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of
the substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the
general thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the
general results or outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised.

O Attachment

/WADE MILES/
Primary Examiner, Art Unit 3771

U.S. Patent and Trademark Office
PTOL-413 (Rev. 8/11/2010) Interview Summary Paper No. 20200506
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Summary of Record of Interview Requirements

Manual of Patent Examining Procedure (MPEP), Section 713.04, Substance of Interview Must be Made of Record
A complete written statement as to the substance of any face-to-face, video conference, or telephone interview with regard to an application must be made of record in the
application whether or not an agreement with the examiner was reached at the interview.

Title 37 Code of Federal Regulations (CFR) 1.133 Interviews
Paragraph (b)

In every instance where reconsideration is requested in view of an interview with an examiner, a complete written statement of the reasons presented at the interview as
warranting favorable action must be filed by the applicant. An interview does not remove the necessity for reply to Office action as specified in §§ 1.111, 1.135. (35 U.S.C.
132)

37 CFR §1.2 Business to be transacted in writing.
All business with the Patent or Trademark Office should be transacted in writing. The personal attendance of applicants or their attorneys or agents at the Patent and
Trademark Office is unnecessary. The action of the Patent and Trademark Office will be based exclusively on the written record in the Office. No attention will be paid to any
alleged oral promise, stipulation, or understanding in relation to which there is disagreement or doubt.

The action of the Patent and Trademark Office cannot be based exclusively on the written record in the Office if that record is itself
incomplete through the failure to record the substance of interviews.

It is the responsibility of the applicant or the attorney or agent to make the substance of an interview of record in the application file, unless
the examiner indicates he or she will do so. It is the examiners responsibility to see that such a record is made and to correct material inaccuracies
which bear directly on the question of patentability.

Examiners must complete an Interview Summary Form for each interview held where a matter of substance has been discussed during the
interview by checking the appropriate boxes and filling in the blanks. Discussions regarding only procedural matters, directed solely to restriction
requirements for which interview recordation is otherwise provided for in Section 812.01 of the Manual of Patent Examining Procedure, or pointing out
typographical errors or unreadable script in Office actions or the like, are excluded from the interview recordation procedures below. Where the
substance of an interview is completely recorded in an Examiners Amendment, no separate Interview Summary Record is required.

The Interview Summary Form shall be given an appropriate Paper No., placed in the right hand portion of the file, and listed on the
"Contents" section of the file wrapper. In a personal interview, a duplicate of the Form is given to the applicant (or attorney or agent) at the conclusion of
the interview. In the case of a telephone or video-conference interview, the copy is mailed to the applicants correspondence address either with or prior
to the next official communication. If additional correspondence from the examiner is not likely before an allowance or if other circumstances dictate, the
Form should be mailed promptly after the interview rather than with the next official communication.

The Form provides for recordation of the following information:

- Application Number (Series Code and Serial Number)

- Name of applicant

- Name of examiner

- Date of interview

- Type of interview (telephonic, video-conference, or personal)

- Name of participant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.)

- An indication whether or not an exhibit was shown or a demonstration conducted

- An identification of the specific prior art discussed
An indication whether an agreement was reached and if so, a description of the general nature of the agreement (may be by
attachment of a copy of amendments or claims agreed as being allowable). Note: Agreement as to allowability is tentative and does
not restrict further action by the examiner to the contrary.

- The signature of the examiner who conducted the interview (if Form is not an attachment to a signed Office action)

It is desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the interview of each case. It
should be noted, however, that the Interview Summary Form will not normally be considered a complete and proper recordation of the interview unless
it includes, or is supplemented by the applicant or the examiner to include, all of the applicable items required below concerning the substance of the
interview.

A complete and proper recordation of the substance of any interview should include at least the following applicable items:
1) A brief description of the nature of any exhibit shown or any demonstration conducted -
2) an identification of the claims discussed,
3) an identification of the specific prior art discussed,
4) an identification of the principal proposed amendments of a substantive nature discussed, unless these are already described on
the Interview Summary Form completed by the Examiner,
5) a brief identification of the general thrust of the principal arguments presented to the examiner,
(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the arguments is not
required. The identification of the arguments is sufficient if the general nature or thrust of the principal arguments made to the
examiner can be understood in the context of the application file. Of course, the applicant may desire to emphasize and fully
describe those arguments which he or she feels were or might be persuasive to the examiner.)
6) a general indication of any other pertinent matters discussed, and
7) if appropriate, the general results or outcome of the interview unless already described in the Interview Summary Form completed
by the examiner.

Examiners are expected to carefully review the applicants record of the substance of an interview. If the record is not complete and accurate,

the examiner will give the applicant an extendable one month time period to correct the record.

Examiner to Check for Accuracy

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiners version of the statement
attributed to him or her. If the record is complete and accurate, the examiner should place the indication, Interview Record OK on the paper recording
the substance of the interview along with the date and the examiners initials.
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification |i¢s81 564 Deville ot al.
H “ “w Examiner Art Unit
WADE MILES 3771
CPC
Symbol Type Version
A61B 22 F 2013-01-01
A61M 0075 | 2013-01-01
AG1F 013 | 2013-01:-01
A61B 007 A 2013-01-01
A61B 00022 A 20130101
A61B 22082 A 2013-01-01
A61B 22079 A 20:13-01-01
AG1F 011 A 2020-05-01
CPC Combination Sets
Symbol Type Set Ranking Version
NONE
Total Claims Allowed:
(Assistant Examiner) (Date) 21
/WADE MILES/ 06 May 2020 . . A
Primary Examiner, Art Unit 3771 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 1 47 and 48

U.S. Patent and Trademark Office

Page 1 of 3

Part of Paper No.: 20200506
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification |i¢s81 564 Deville et al.

H “ “w Examiner Art Unit
WADE MILES 3771

INTERNATIONAL CLASSIFICATION
CLAIMED

A61B17/22
A61B17/00

NON-CLAIMED
AB1F2/01
AG1M25/00
CPCONLY

US ORIGINAL CLASSIFICATION
CLASS SUBCLASS

CROSS REFERENCES(S)
CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)

NONE
Total Claims Allowed:
(Assistant Examiner) (Date) 21
/WADE MILES/ 06 May 2020 . . -
Primary Examiner, Art Unit 3771 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 1 47 and 48
U.S. Patent and Trademark Office Part of Paper No.: 20200506
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification |i¢s81 564 Deville et al.
H “ “w Examiner Art Unit
WADE MILES 3771

Claims renumbered in the same order as presented by applicant (J CPA (3 T.D. (O R.1.47
CLAIMS

Final |Original|Final OriginallFinaI Original|Final |Original|Final OriginallFinaI Original|Final |Original|Final |Original

NONE
Total Claims Allowed:
(Assistant Examiner) (Date) 21
/WADE MILES/ 06 May 2020 . . -
Primary Examiner, Art Unit 3771 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 1 47 and 48
U.S. Patent and Trademark Office

Part of Paper No.: 20200506
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.Q. Box 1450

Alexandria, Vieginia 22313-1430

WWWLUSPLO, g0V

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR I ATTORNEY DOCKET NO, |  CONFIRMATION NO.
16/681.564 1171272019 Derek Dee Deville Syn2.0/ROAR CON 6608
27316 7590 04262020 -
> EXAMINER
Mayback & Hoffman. P.A. l

350 East Las Olas Blvd
Suite 1750
Fort Lauderdale, FL 33301

MILES, JONATHAN WADE

I ART UNIT | PAPER NUMBER
3771
I MAIL, DATE | DELIVERY MODE
04/26:2020 PAPER

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.

PTOL-90A (Rev. 04/07)
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Commissioner for Patents

United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450
www.uspto.gov

Application No. : 16681564
Applicant : Deville
Filing Date : 11/12/2019
Date Mailed : 04/26/2020

NOTICE TO FILE CORRECTED APPLICATION PAPERS

Notice of Allowance Mailed

This application has been accorded an Allowance Date and is being prepared for issuance. The
application, however, is incomplete for the reasons below.

Applicant is given two (2) months from the mail date of this Notice within which to respond. This
time period for reply is extendable under 37 CFR 1.136(a) for only TWO additional MONTHS.

The informalities requiring correction are indicated in the attachment(s). If the informality pertains to the
abstract, specification (including claims) or drawings, the informality must be corrected with an
amendment in compliance with 37 CFR 1.121 (or, if the application is a reissue application, 37 CFR
1.173). Such an amendment may be filed after payment of the issue fee if limited to correction of
informalities noted herein. See Waiver of 37 CFR 1.312 for Documents Required by the Office of Patent
Publication, 1280 Off. Gaz. Patent Office 918 (March 23, 2004). In addition, if the informality is not
corrected until after payment of the issue fee, for purposes of 35 U.S.C. 154(b)(1)(iv), “all outstanding
requirements” will be considered to have been satisfied when the informality has been corrected. A
failure to respond within the above-identified time period will result in the application being
ABANDONED.

See attachment(s).

A copy of this notice MUST be returned with the reply. Please address response to
“Mail Stop Issue Fee, Commissioner for Patents,
P.O. Box 1450, Alexandria, VA 22313-1450".

/Daxa Patel/

Publication Branch

Office of Data Management
(571) 272-4200
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Application No. 16681564 Drawings filed: 11/12/2019
IDENTIFICATION OF DRAWING DEFICIENCIES

There is a hole or the image thereof within the illustration. FIG(s)

The illustration is penetrated or traversed by a solid or broken line that is not intended to be part of the
drawing, such as a dark line caused by a flaw in the copying process. FIG(s)

An ink stamp or the image thereof obscures part of the illustration. FIG(s)

The drawing is marred by black smudges, obliterations, or fax/copier marks (for example, speckles or dots
in a substantial portion of the drawing). FIG(s)

Figure numbers are duplicated or missing. FIG(s)

Drawing sheet or figure is missing. FIG(s)

Ut U of

Numbers, letters, or reference characters in the drawing have been crossed out or are illegibly handwritten.
FIG(s)

The character of the lines, numbers, and letters is poor. FIG(s) 50-51

The drawing's background shows that the original drawing was made on graph paper or other paper with a
pattern or decoration. FIG(s)

The FIG. number label is placed in a location that causes the drawing to be read upside down. FIG(s)

b [ [0 B

Data, a reference number, or part of the drawing is truncated or missing, or a lead line has no reference
number. FIG(s) 51

The drawing and/or the FIG. label contain(s) foreign language. FIG(s)

This utility application contains a photograph of a view that is capable of being illustrated as a line drawing.
FIG(s)

A petition under 37 CFR 1.84(a)(2) to accept color drawings has been granted, but the brief description of
the drawings in the specification does not contain (or has not been amended to contain) the paragraph
required by 37 CFR 1.84(a)(2)(iii).

This reissue application contains added and/or amended drawings that are not labeled as “New” or
“Amended” or “Canceled” as required by 37 CFR 1.173(b)(3). FIG(s)

This Design reissue application contains a drawing that is labeled as “Canceled” but is not surrounded by
brackets, or a drawing that is surrounded by brackets but is not labeled as “Canceled.” See 37 CFR
1.173(b)(3). FIG(s)

OTHER:

oo ool

COMMENTS:
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
16/681,564 11/12/2019 Derek Dee Deville Syn2.0/ROAR CON
CONFIRMATION NO. 6608
27316 PUBLICATION NOTICE
Mayback & Hoffman, P.A.
350 East Las Olas Bivd 0000000 0 O
Suite 1750 00000011573523

Fort Lauderdale, FL 33301

Title:ASPIRATION THROMBECTOMY SYSTEM AND METHODS FOR THROMBUS REMOVAL WITH
ASPIRATION CATHETER

Publication No.US-2020-0093503-A1
Publication Date:03/26/2020

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http:/www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set
forth in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800)
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office,
Public Records Division, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and

the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through

the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application
Information and Retrieval (PAIR) system. The direct link to access this status information is currently
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only
be obtained by applicant using the private side of PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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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

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
27316 7590 03/04/2020
Mayback & Hoffman, P.A. MILES, JONATHAN WADE
350 East Las Olas Blvd
Suite 1750 | ART UNIT PAPER NUMBER |
Fort Lauderdale, FL. 33301 3771
DATE MAILED: 03/04/2020
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. |  CONFIRMATION NO.
16/681,564 11/12/2019 Derek Dee Deville Syn2.0/ROAR CON 6608

TITLE OF INVENTION: ASPIRATION THROMBECTOMY SYSTEM AND METHODS FOR THROMBUS REMOVAL WITH ASPIRATION CATHETER

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

nonprovisional SMALL $500 $0.00 $0.00 $500 06/04/2020

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 U.S.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:

I. 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 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
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 and an extra copy of the form should be submitted. 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.

III. 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 EFS-Web.

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 including the Patent, advance orders and notification of maintenance fees 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.
Note: A certificate of mailing can only be used for domestic mailings of the
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.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

27316 7590 03/04/2020 Certificate of Mailing or Transmission
Mayback & Hoffman, P.A I hereby certify that this Fee(s) Transmittal is being deposited with the United
o States Postal Service with sufficient postage for first class mail in an envelope
350 East Las Olas Blvd addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
Suite 1750 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
Fort Lauderdale, FL. 33301 (Typed or printed name)
(Signature)
(Date)|
I APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
16/681,564 11/12/2019 Derek Dee Deville Syn2.0/ROAR CON 6608
TITLE OF INVENTION: ASPIRATION THROMBECTOMY SYSTEM AND METHODS FOR THROMBUS REMOVAL WITH ASPIRATION CATHETER
| APPLN. TYPE I ENTITY STATUS I ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional SMALL $500 $0.00 $0.00 $500 06/04/2020

I EXAMINER | ART UNIT | CLASS-SUBCLASS |
MILES, JONATHAN WADE 3771 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

M| Change of correspondence address (or Change of Correspondence

Address form PTO/SB/122) attached (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.

(] "Fee Address" indication (or "Fee Address" Indication form PTO/
SB/47; Rev 03-09 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)

9%}

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)

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: [MIssue Fee (JPublication Fee (if required) [JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

(] Blectronic Payment via EFS-Web (] 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.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

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

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

M| Applicant changing to regular undiscounted fee status.

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
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Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USpto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
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| EXAMINER |
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Mayback & Hoffman, P.A. MILES, JONATHAN WADE
350 East Las Olas Blvd
Suite 1750 | ART UNIT PAPER NUMBER |
Fort Lauderdale, FL. 33301 3771

DATE MAILED: 03/04/2020

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.
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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,
Virginia 22313-1450. 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. Accordingly, pursuant to the requirements
of the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)
(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent
application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not
be able to process and/or examine your submission, which may result in termination of proceedings or abandonment
of the application or expiration of the patent.

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

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

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

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

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

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

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

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

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application No. Applicant(s)
. . 16/681,564 Deville et al.
Notice of Allowability Examiner ArtUnit | AIA (FITF) Status
WADE MILES 3771 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.

1.4} This communication is responsive to claims filed 11/12/19.
[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2.[J 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 1-21 . 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.[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a) LJAIl b) (JSome  *c) [J None of the:
1. [0 Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [ 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.

(O 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. ¥} Examiner's Statement of Reasons for Allowance
Paper No./Mail Date .

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

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

/WADE MILES/
Primary Examiner, Art Unit 3771

U.S. Patent and Trademark Office .
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20200227
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Application/Control Number: 16/681,564 Page 2
Art Unit: 3771

DETAILED ACTION
Notice of Pre-AIA or AIA Status
The present application, filed on or after March 16, 2013, is being examined under the first

inventor to file provisions of the AIA.

Priority

Applicant’s claim for the benefit of a prior-filed application under 35 U.S.C. 119(e) or under 35
U.S.C. 120, 121, 365(c), or 386(c) is acknowledged. Applicant has not complied with one or more
conditions for receiving the benefit of an earlier filing date under 35 U.S.C. 120 as follows:

The later-filed application must be an application for a patent for an invention which is also
disclosed in the prior application (the parent or original nonprovisional application or provisional
application). The disclosure of the invention in the parent application and in the later-filed application
must be sufficient to comply with the requirements of 35 U.S.C. 112(a) or the first paragraph of pre-AIA
35 U.S.C. 112, except for the best mode requirement. See Transco Products, Inc. v. Performance
Contracting, Inc., 38 F.3d 551, 32 USPQ2d 1077 (Fed. Cir. 1994)

The disclosure of the prior-filed application, Application No. 15/516,232, fails to provide
adequate support or enablement in the manner provided by 35 U.S.C. 112(a) or pre-AIA 35 U.S.C. 112,
first paragraph for one or more claims of this application. Application No. 15/516,232 does not disclose
the limitation of “a controller configured to carry out a pre-determined pattern of opening and closing the
vent and vacuum valves to change a level of vacuum at the distal end and, while changing the level of
vacuum at the distal end, to substantially prevent forward flow of liquid at a distal end of the liquid
column” in claim 1 or “a controller configured to carry out a pre-determined cycle of opening and closing
the vent and vacuum valves to change a level of vacuum at the distal end and, during each cycle, to
substantially prevent forward flow of liquid at the distal end of the liquid column” in claim 21.
Application No. 15/516,232 discloses the controller only using a pre-determined cycle during the purging

of air, but not during the clot removal process, and does not disclose the pre-determined cycle changing
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Application/Control Number: 16/681,564 Page 3
Art Unit: 3771

the level of vacuum at the distal end or substantially preventing the forward flow of liquid at the distal
end of the liquid column.

Furthermore, this application repeats a substantial portion of prior Application No. 15/516,232,
filed July 18, 2019, and adds disclosure not presented in the prior application. Because this application
names the inventor or at least one joint inventor named in the prior application, it may constitute a
continuation-in-part of the prior application. Should applicant desire to claim the benefit of the filing date
of the prior application, attention is directed to 35 U.S.C. 120, 37 CFR 1.78, and MPEP § 211 ef seq. At
least [0059], [0060], [0063], [0067], and [0074-0077] contains new subject matter pertaining to the “pre-

determined pattern” that is not present in Application No. 15/516,232.

Allowable Subject Matter

Claims 1-21 are allowed.

The following is an examiner’s statement of reasons for allowance: the prior art fails to teach or
suggest, in the context of the claims, a controller configured to carry out a pre-determined pattern of
opening and closing the vent and vacuum valves to change the level of vacuum and to substantially
prevent forward flow of the liquid at the distal end of the catheter. Garrison (US 20160220741) discloses
a similar device, but the controller disclosed in [0113] changes the cycle of opening and closing the
valves based on feedback from sensors and is not a pre-determined pattern.

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.”

Conclusion
Any inquiry concerning this communication or earlier communications from the examiner should

be directed to WADE MILES whose telephone number is (571) 270-7777 and whose fax number is (571)
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Application/Control Number: 16/681,564 Page 4
Art Unit: 3771

270-8777. The examiner can normally be reached on Monday-Friday between the hours of 11:00 am and
7:00 pm.

If attempts to reach the examiner by telephone are unsuccessful, please contact the examiner’s
supervisor, ERIC ROSEN, at (571) 270-7855. The fax phone number for the organization where this
application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent Application
Information Retrieval (PAIR) system. Status information for published applications may be obtained
from either Private PAIR or Public PAIR. Status information for unpublished applications is available
through Private PAIR only. For more information about the PAIR system, see http://pair-
direct.uspto.gov. Should you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a USPTO Customer
Service Representative or access to the automated information system, call 800-786-9199 (IN USA OR
CANADA) or 571-272-1000.

/WADE MILES/

Primary Examiner, Art Unit 3771
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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

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO.
16/681,564 11/12/2019 Derek Dee Deville Syn2.0/ROAR CON 6608
27316 7590 02/20/2020 | EXAMINER
Mayback & Hoffman, P.A.
350 East Las Olas Blvd HOUSTON, ELIZABETH
Suite 1750
Fort Lauderdale, FL 33301 | ART UNIT | PAPER NUMBER
3771
| MAIL DATE | DELIVERY MODE
02/20/2020 PAPER

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.

PTOL-90A (Rev. 04/07)
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Commissioner for Patents

United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450

www.uspto.gov

Doc Code: TRACK1.GRANT

Decision Granting Request for
Prioritized Examination Application No.: 16/681,564
(Track I or After RCE)

1. THE REQUEST FILED November 12, 2019 IS GRANTED.

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

2. The above-identified application will undergo prioritized examination. The application will be
accorded special status throughout its entire course of prosecution until one of the following occurs:
A filing a petition for extension of time to extend the time period for filing a reply;
B. filing an amendment to amend the application to contain more than four independent

claims, more than thirty total claims, or a multiple dependent claim;
filing a request for continued examination;

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

mailing of a final Office action;

T OmMmoo

completion of examination as defined in 37 CFR 41.102; or

abandonment of the application.

Telephone inquiries with regard to this decision should be directed to Michelle R. Eason at (571) 272-
4231. In his/her absence, calls may be directed to Brian W. Brown at (571) 272-5338.

/Michelle R. Eason/ Paralegal Specialist, Office of Petitions
(Signature) (Title)

U.S. Patent and Trademark Office
PTO-2298 (Rev. 02-2012)
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

APPLICATION FILING or GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE RECD I ATTY.DOCKET.NO ITOT CLAIMSI IND CLAIMSl
16/681,564 11/12/2019 3771 835 Syn2.0/ROAR CON 21 2
CONFIRMATION NO. 6608
27316 UPDATED FILING RECEIPT

350 Eatt Las Ols Bive 000000

Suite 1750
Fort Lauderdale, FL 33301

Date Mailed: 02/04/2020

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)
Derek Dee Deville, Coral Gables, FL;
Matthew A. Palmer, Miami, FL;
William T. Bales, Miami, FL;
M. Sean McBrayer, Coral Gables, FL;
Eric Petersen, Homestead, FL;
Richard Cartledge, Boca Raton, FL;
Thomas O. Bales, Miami, FL;
Carlos Rivera, Cooper City, FL;
Applicant(s)
Syntheon 2.0, LLC, Miami, FL;
Assignment For Published Patent Application
Syntheon 2.0, LLC, Miami, FL

Power of Attorney: The patent practitioners associated with Customer Number 27316

Domestic Priority data as claimed by applicant
This application is a CON of 16/516,232 07/18/2019 PAT 10531883
which claims benefit of 62/701,086 07/20/2018
and claims benefit of 62/750,011 10/24/2018
This application 16/681,564
is a CON of PCT/US2019/042546 07/19/2019
which is a CON of 16/516,232 07/18/2019 PAT 10531883
which claims benefit of 62/701,086 07/20/2018
page 1of 4

Penumbra, Inc., Ex. 1031, Page 88 of 776
Penumbra, Inc. v. RapidPulse, Inc.



and claims benefit of 62/750,011 10/24/2018

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.

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.

Projected Publication Date: 03/26/2020
Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **
Title

ASPIRATION THROMBECTOMY SYSTEM AND METHODS FOR THROMBUS REMOVAL WITH
ASPIRATION CATHETER

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

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

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).
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SelectUSA

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

Application or Docket Number

Substitute for Form PTO-875 16/681,564
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR 1.16(a), (b), or () N/A N/A N/A 75 N/A
SEARCH FEE
(27 CFR 1.16(K). i, or () N/A N/A N/A 330 N/A
EXAMINATION FEE
(37 CFR1.16(0), (8}, or (2) N/A N/A N/A 380 N/A
oy CRRIAE) 21 minus20- 1 « 50 -| 50 oR
INDEPENDENT CLAIMS *
(37 CFR 1.16(h)) 2 minus 3 = x 230 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(837 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0” in column 2. TOTAL 835 TOTAL
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
w Total * i - =
=S (37 Cng 16(7)) Minus x = OR =
2 Independent * Minus | *** =
5 (37 CFR 1.16(h)) X = OR -
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(CGolumn 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE(S) RATE(S) FEE(S)
E AMENDMENT PAID FOR
L Total * Minus | ** = =
= (37 CF?H.IE(H) X OR -
% Independent * Minus | *** = M _ OR _
w (37 CFR 1.16(h)) = =
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

APPLICATION FILING or GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE RECD I ATTY.DOCKET.NO ITOT CLAIMSI IND CLAIMSl
16/681,564 11/12/2019 3771 835 Syn2.0/ROAR CON 21 2
CONFIRMATION NO. 6608
27316 UPDATED FILING RECEIPT

350 Eatt Las Ols Bive OO0 A

Suite 1750
Fort Lauderdale, FL 33301

Date Mailed: 02/04/2020

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)
Derek Dee Deville, Coral Gables, FL;
Matthew A. Palmer, Miami, FL;
William T. Bales, Miami, FL;
M. Sean McBrayer, Coral Gables, FL;
Eric Petersen, Homestead, FL;
Richard Cartledge, Boca Raton, FL;
Thomas O. Bales, Miami, FL;
Carlos Rivera, Cooper City, FL;
Applicant(s)
Syntheon 2.0, LLC, Miami, FL;
Assignment For Published Patent Application
Syntheon 2.0, LLC, Miami, FL

Power of Attorney: The patent practitioners associated with Customer Number 27316

Domestic Priority data as claimed by applicant
This application is a CON of 16/516,232 07/18/2019 PAT 10531883
which claims benefit of 62/701,086 07/20/2018
and claims benefit of 62/750,011 10/24/2018
This application 16/681,564
is a CON of PCT/US2019/042546 07/19/2019
which is a CON of 16/516,232 07/18/2019 PAT 10531883
which claims benefit of 62/701,086 07/20/2018
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and claims benefit of 62/750,011 10/24/2018

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.

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.

Projected Publication Date: 03/26/2020
Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **
Title

ASPIRATION THROMBECTOMY SYSTEM AND METHODS FOR THROMBUS REMOVAL WITH
ASPIRATION CATHETER

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.

page 2 of 4

Penumbra, Inc., Ex. 1031, Page 94 of 776
Penumbra, Inc. v. RapidPulse, Inc.



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

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

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).
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SelectUSA

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

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

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
16/681,564 11/12/2019 Derek Dee Deville Syn2.0/ROAR CON
CONFIRMATION NO. 6608
27316

Mayback & Hoffman, P.A.
350 East Las Olas Blvd
Suite 1750

Fort Lauderdale, FL 33301

37 CFR 1.48(f)
ACKNOWLEDGEMENT LETTER

I

Date Mailed: 02/04/2020

NOTICE OF ACCEPTANCE OF REQUEST UNDER 37 CFR 1.48(f)
This is in response to the applicant's request under 37 CFR 1.48(f) submitted on 01/31/2020.

The request under 37 CFR 1.48(f) 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.

/agizaw/
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PATENT

CERTIFICATE OF ELECTRONIC TRANSMISSION

I hereby certify that this correspondence is being electronically transmitted to the U.S. Patent and Trademark Office
via EFS-Web on the date indicated below.

Signature: /Chris Mendez/ Date: _ 01/31/2020

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Appl. No. : 16/681,564 Confirmation. No.: 6608

Applicant : Syntheon 2.0, LLC

Inventor : Deville, et al.

Filed : November 12, 2019

TC/A.U. : 3783

Title : Aspiration Thrombectomy System and Methods for Thrombus Removal
with Aspiration Catheter

Examiner : TBD

Docket No. Syn2.0/ROAR CON/86082-13

Customer No. : 27316

VIA ELECTRONIC FILING

Commissioner for Patents

P.O. Box 1450

Alexandria VA 22313-1450
Attention: Examiner Thomas J. Lett; (571) 272-7464

RESPONSE TO THE NOTICE OF MISSING PARTS AND REQUEST FOR
CORRECTED FILING RECEIPT

Dear Commissioner:

In response to the Notice to File Missing Parts of Non Provisional Application dated
December 17, 2019, Applicant hereby submits an amended Application Data Sheet to correct the
name of Inventor No. 3, i.e., William T. Bales, Jr. Upon filing the present application on
November 12, 2019, Applicant inadvertently added the suffix “Jr.” His correct name is William

T. Bales not William T. Bales, Jr. Therefore, the surcharge requested in the Notice will not be
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Response to the Notice of Missing Parts dated December 17, 2019

applicable since the Declaration for William T. Bales was submitted together when the application

was filed, a copy of which is included for your ease of reference.

Furthermore, Applicant respectfully requests that the Office issue a corrected Filing

Receipt to reflect the above change as indicated in the attached “marked-up” copy of the Filing

Receipt issued on December 20, 2019,

The processing fee required under 1.17(i), according to the Notice and 37 CFR 1.48(f) is

enclosed.

The U.S. Patent and Trademark Office is hereby given authority to charge Deposit Account

No, 04-1061 of Dickinson Wright PLLC for any deficiencies of payments or credit any

overpayments made for any purpose during the pendency of the above-identified application.

Kindly correct these errors and issue an updated filing receipt.

Date: January 31, 2020

Docket # Syn2.0/ROAR CON/86082-13

20f2

Respectfully submitted,

By:___ /Gregory L. Mayback/

Gregory L. Mayback, Esq.

USPTO Reg. No. 40,719

Attorneys for Applicant

Dickinson Wright PLLC

350 East Las Olas Blvd., Suite 1750

Fort Lauderdale, FL. 33301-4275

Email: mbpatentatedigkinson-wright com
Tel: (954) 991-5420

Fax: (844) 670-6009

S/N 16/681,564
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UniteDn Stares Farenr avp Thansvasy Orrice

UNPTEDR BTATES DEPARTMENT OF COMMERCE
Unlted Siates Potant and Vradomarh (Nl
Addeerr SOMMIBEIONER AOX PATENTS

B Box 1438

Alezsndsis, Vieginde YEIIASIS

NGRS ROV

U APPLICATION FlaBER | FILING OB JTETBATE | FIRET NAMED AFFLIZANT 1 aTiY, DOCKET MO ATTLE |
16/681,364 FI122018 Derek Dee Deville Syn2 H/ROAR CON
CONFIRMATION NO. §808
27318 FORMALITIES LETTER

Mayback & Holfman, PA,

S5 o Lo G LR

Fort Lauderdale, Fi 33301

S

Dale Malled, 124117120148

NMOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION

FH.ED UMDER 37 OFR 1,531
Filing Date Granted
items Reaudred To Avold Abandonment:

A application numbser and filing dats have been socorded to this application, The Bem(s) indicsted below,
however, arg missing.

Applicant is ghvan TWO MONTHS from the date of this Notics within which 1o fle all reguired Bems below o avold
abandonment. Extensions of tme may be oblained by filing & petilion sccompanied by the sxianaion fas undar
the provisions of 37 OFR 1.138{(a}.

» Burcharge as sef forth In 37 OFR 11800 must be submiltad,
The surchargs is due for any one of,
« late subrmission of the basic fing fee, ssarch fse, or examination fee,
= late submission of invenior's oath or declaration,
= filing an application that does not conlain ot least one olaim on fiing, or
» submission of an application filed by referencs to & previously fled application.

SUMMARY OF FEES DUE:

The feels] required within TWO BONTHS from the date of this Notics to aveld abandonment isfare Semized
below. Smalt entity discount is in effect, i applicant is qualifiad for micro eniity status, an acceptable Certification
of Bicro Entily $iatus must be submilted to astablish micrn entity status. (See 37 OFR 1,29 and forms
PTOEBM5A and 158.)

+§ B surcharge.

« ${ 8} previsus unaoplied pavment amount.

=5 80 TOTAL FEE BALANCE DUE.

Applicant is notified that the above-ideniified applicalion contains the deficiencles noted below. No period for
raply is sel forih in this notice for corvection of these deficiencies. However, i o deficlency relates fo the inventor's
oath of declaration, the applicant must fle an osth or declaration in compliance with 37 OFR 1.83, or a substiis
statement in compliance with 37 CFR 1.84, executed by or with respest o each aciual inventor no later than the
sxpiration of ihe time period set in the "Netlice of Allowabliily” to avoid abandonment, See 37 CFR 1.53().

pags i of 2
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» A properly sxeculed inventor's oath or declaration has not baen recaived for the following Invenior{s) as

named on the appiication deta sheat:
William 7. Bales JR.

Arcinventor's cath or declaration in compliance with 37 OFR 1,83 or 1.84 sxecuied by or with raspect {0
sach ventor must be submitiad no iater than the dale on wikich the issue fee is pald in response © & notize
raquiring such fes. See 37 CFR 18530
if the name of the inventor provided on the ADS is not correct, applicant must submit & requast o corvect the
invantor name aovording io 37 CFR 1.48(1), accompanied by the appropriste fes under 37 OFR 1.9 7ii} anid &
correcied ADR in compliance with 37 CFR 1.78(c), Le., idealifying the information that Is being changsd with
undestining for ingertions, and sirfe-hrough or brackets for text ramoved.

Replies must be received in the USFTO within the set time perod or must inciude a propar Cartificate of Mailing
ar Transmission under 37 CFR 1.8 with & malling or ransmission date within the set time period. For mors
information and a suggesied lormat, see Form PTO/SBA2 and MPEP 842

Hepiies shouild be malied 1o

Mall Stop Missing Paris
Commissioner for Palents
P03, Box 1450

Alasandria VA 2231314580

Registered users of EFS-Web may sltermnatively submit thelr reply to this notice vis EFS-Wab, including a copy
of this Motice and selecting the document description “Applicant response io Pre-Bxam Formalities Notice”

hitos#sponal usplo goviauthenticale/futhentingleUserl ouslERF Stk

For more information about EFS-Web plaase call the USPTO Bleotronic Business Center at 1-868-217-8197 or
visi our wabsits at hifp/heww.usnio.goviebe,

if you are not using EFS-Web to submit vour reply, you must include s copy of this notice.
3 4 K i 5

Quostions about the contents of this notice wad the
requirements i sets forth should be directed to the Offige
of Data Managemont, Applicstion Assistance Unis, at
{8783 2V2-4888 or (871 772-4200 or 18887860181,

funieawd
SYRIZAWY
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SeleciiisS4

The Unlted States reprezents the larpest, most dynamic marketplace in the world and is an unparaiisied location for
business investmeni, Innovation, and commaercialization of new lechnologies. The U.S, offers remendous resources
and advanisges for those who invest and manufaciure goods here. Through SelectUSA, our nation works 1o
promote gnd facilitale business invastment. SslectUSA provides information assistange o the inlemational invesior
community; sarves as an ombudsman for existing and potential investors; advocales on behalf of 1.8, citles, states,
and regions competing for global invesiment and counsels LS. ssonomdc developrment crganizations on inveshment
attraction best practives. Te learm more aboul why the Uniled Siates s the best counlry in the world {o deveiop
tschnology, manufsciure produsts, deliver services, and grow your businaess, visit hltsifvwenw SelaciUSA ooy or oall
+1-202-482-6800.

page 4 of §
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PTO/AIAIOT {06-12)

Approved for use through 117/30/2020. OMB 06510032

U.5. Patent and Trademark Office; U.8. DEPARTMENT OF COMMERCE

Linder the Paperwork Reduction Act of 1885, o persons are raquinsa 1o respond 19 & colfaction of information unfess ik displays & valid OMB gontrol numbist.

DECLARATION (37 CFR 1.83) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET {37 CFR 1.76)

Titte of |ASPIRATION THROMBECTOMY SYSTEM AND METHODS FOR
tnvention | THROMBOSIS REMOVAL WITH ASPIRATION CATHETER

As the below named inventor, | hereby declare that:

This declaration ;
is directed to: @ The aftached application, or

E United States application or PCT international application number

fited on

The above-identified application was made or authorized to be made by me.

I believe that | am the original inventor or an original joint inventor of a claimad invention in the application.

| hereby acknowledge that any willful false statement made in this daclaration is punishable under 18 U.S.C. 1001
by fine orimprisonment of nat more than five (5) years, or both,

WARNING:

Petitioner/applicant is cautionad to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbars, bank account numbaes, or credit card numbers
{other than a check or credit card authorization form PTC-2038 submitted for payment purposes) is never required by the USPTO
ta support a petition or an application. {f this type of personal information is included in documents submitted to the USPTQ,
petitioners/applicants should consider redacting such personal information from the documents before submitting them (o the
USPTO. Petitioner/applicant 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
referanced in a published application or an issuad patent {see 37 CFR 1.14). Checks and credit card authorization forms
PTO-2038 submitted for payment purposes are not retainad in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

iventor: William T. Ba¥e§/7 Date (Optional) H’/ '“. / 2019

Signature: " /—*\’ "

Note: An application data sheet (PTO/SBI14 or equivalent), including naming the entire inventive eniity, must accompany this form of must have
been previously filed. Use an additional PTO/AIAGT form for each additional inventor.

This coliection of information is requirsd by 35 1.8.C. 115 and 37 CFR1.63. The information s requited to obtain or retain @ benefit by the public which is ta file {and
by the USPTO to process) an application. Confidentiality is governed by 38 U.8.C. 122 and 37 CFR 1.11 and 1,14, This cofiection is estimated o take 1 minuiz to
complets: including gathering, preparing, and submiting the complsted application form o he USPTO. Time will vary depending upan the individual case. Ay
comments on the amount of time you require o somplete this form andfor suggsstions for raducing this burden. should be sent te the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Deparntment of Commerce, P.0. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETEDR FORMS 7O
THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1458, Alexandria, VA 22313-1450.

If you nesd assistance in complefing the form, cait 1-800-£T0-3199 and select option 2.
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Electronic Patent Application Fee Transmittal

Application Number:

16681564

Filing Date:

12-Nov-2019

Title of Invention:

ASPIRATION THROMBECTOMY SYSTEM AND METHODS FOR THROMBUS
REMOVAL WITH ASPIRATION CATHETER

First Named Inventor/Applicant Name:

Derek Dee Deville

Filer: Rebecca A Tie/Chris Mendez
Attorney Docket Number: Syn2.0/ROAR CON
Filed as Large Entity
Filing Fees for Utility under 35 USC 111(a)
Description Fee Code Quantity Amount Suz—;l'g(t;)l in
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
PROCESSING FEE, EXCEPT PROV. APPLS. 1830 1 140 140

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:
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Description

Fee Code

Quantity

Amount

Sub-Total in
UsSD(S)

Extension-of-Time:

Miscellaneous:

Total in USD ($)

140
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Electronic Acknowledgement Receipt

EFS ID: 38466475
Application Number: 16681564
International Application Number:
Confirmation Number: 6608

Title of Invention:

ASPIRATION THROMBECTOMY SYSTEM AND METHODS FOR THROMBUS
REMOVAL WITH ASPIRATION CATHETER

First Named Inventor/Applicant Name:

Derek Dee Deville

Customer Number:

27316

Filer: Rebecca A Tie/Chris Mendez
Filer Authorized By: Rebecca A Tie
Attorney Docket Number: Syn2.0/ROAR CON
Receipt Date: 31-JAN-2020
Filing Date: 12-NOV-2019
Time Stamp: 19:54:36

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type CARD

Payment was successfully received in RAM $140

RAM confirmation Number E20201UJ54595773

Deposit Account

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
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File Listing:

Document - . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (if appl.)

114450
2020-01-30_Syn20_ROAR_CON
_Response_NOMP_ADS_REQ_ no 2

Corrected_Filing_Receipt.pdf |ess40msezisocrsachessiztazaioee27d
- - 310

Applicant Response to Pre-Exam
Formalities Notice

Warnings:

Information:

60608

2019-12-17_SYN20_Roar_Con
i i - - T o 2
2 Miscellaneous Incoming Letter NOMP_86082-13.pdf n

af36a69145249a4c2657808d0ag87a6bc7e

Warnings:

The page size in the PDF is too large. The pages should be 8.5 x 11 or A4. If this PDF is submitted, the pages will be resized upon entry into the
Image File Wrapper and may affect subsequent processing

Information:

63784

2020-01-31_SYN20_Roar_Con
L _ _ — ] no 2
3 Application Data Sheet Corrected_ADS_86082-13.pdf

d2398585276aa4a295412635643569cf87d|
13594

Warnings:

Information:

This is not an USPTO supplied ADS fillable form

The page size in the PDF is too large. The pages should be 8.5 x 11 or A4. If this PDF is submitted, the pages will be resized upon entry into the
Image File Wrapper and may affect subsequent processing

85541
2020-01-31_SYN20_Roar_Con_|
4 Request for Corrected Filing Receipt Corrected_Filing_Receipt_8608 no 3
2-1 3_pdf 9a03aaf3532e5d382d7c990ad78171fb6b4

07cab

Warnings:

The page size in the PDF is too large. The pages should be 8.5 x 11 or A4. If this PDF is submitted, the pages will be resized upon entry into the
Image File Wrapper and may affect subsequent processing

Information:

646971
2019-11-12_Syn_ROAR_Con_E
5 Qath or Declaration filed xecuted_Dec_William_Bales_8 no 1
6082-13.PDF 15d5efco4bb146a79d31260d1098a18122

67e772

Warnings:

Information:
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30839

6 Fee Worksheet (SB06) fee-info.pdf no 2
e5539ab11669d4410f6e3e6daf6cd94e3b7|
Warnings:
Information:
Total Files Size (in bytes){ 1002193

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

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

PTO/SB/08a (03-15)
Approved for use through 07/31/2016. 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
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Description

[0001] The present invention relates to a system for
removing thromboembolic material from a cerebral blood
vessel, the system comprising a delivery catheter having
a lumen including a distal end having a fixed inner diam-
eter, an elongate member extendable through the said
lumen and including a distal portion and having a sepa-
rator element on the distal portion, the separator element
being a broadened element and having a maximum di-
ameter portion having a maximum diameter smaller than
the said fixed inner diameter, and an aspiration source
fluidly coupled to the said lumen.

[0002] Strokeis aleading cause of death and disability
and a growing problem to global healthcare. In the US
alone, over 700,000 people per year suffer a major stroke
and, of these, over 150,000 people die. Even more dis-
turbing, this already troubling situation is expected to
worsen as the "baby boomer" population reaches ad-
vanced age, particularly given the number of people suf-
fering from poor diet, obesity and/or other contributing
factors leading to stroke. Of those who survive a stroke,
approximately 90% will have long-term impairment of
movement, sensation, memory or reasoning, ranging
from mild to severe. The total cost to the US healthcare
system is estimated to be over $50 billion per year.
[0003] Strokes may be caused by a rupture of a cere-
bral artery ("hemorrhagic stroke") or a blockage in a cer-
ebral artery due to a thromboembolism ("ischemic
stroke"). A thromboembolism is a detached blood clot
that travels through the bloodstream and lodges so as to
obstruct or occlude a blood vessel. Between the two
types of strokes, ischemic stroke comprises the larger
problem, with over 600,000 people in the US suffering
from ischemic stroke per year.

[0004] Ischemic stroke treatment may be accom-
plished via pharmacological elimination of the throm-
boembolism and/or mechanical elimination of the throm-
boembolism. Pharmacological elimination may be ac-
complished via the administration of thombolytics (e.g.,
streptokinase, urokinase, tissue plasminogen activator
(TPA) and/or anticoagulant drugs (e.g., heparin, warfa-
rin) designed to dissolve and prevent further growth of
the thromboembolism. Pharmacologic treatment is non-
invasive and generally effective in dissolving the throm-
boembolism. Notwithstanding these generally favoura-
ble aspects, significant drawbacks exist with the use of
pharmacologic treatment. One such drawback is the rel-
atively long amount of time required for the thrombolytics
and/or anticoagulants to take effect and restore blood
flow. Given the time-critical nature of treating ischemic
stroke, any added time is potentially devastating. Another
significant drawback is the heightened potential of bleed-
ing or hemorrhaging elsewhere in the body due to the
thombolytics and/or anticoagulants.

[0005] Mechanical elimination of thromboembolic ma-
terial for the treatment of ischemic stroke has been at-
tempted using a variety of catheter-based transluminal
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interventional techniques. One such interventional tech-
nique involves deploying a coil into a thromboembolism
(e.g. via corkscrew action) in an effort two ensnare or
envelope the thromboembolism so it can be removed
from the patient. Although an improvement over pharma-
cologic treatments for ischemic stroke, such coil-based
retrieval systems have only enjoyed modest success (ap-
proximately 55%) in overcoming ischemic stroke due to
thromboembolic material slipping past or becoming dis-
lodged by the colil. In the latter case, the dislodgement
of thromboembolic material may lead to an additional
stroke in the same artery or a connecting artery.

[0006] Another interventional technique involves de-
ploying a basket or net structure distally (or downstream)
from the thromboembolism in an effort to ensnare or en-
velope the thromboembolism so it can be removed from
the patient. Again, although overcoming the drawbacks
of pharmacologic treatment, this nonetheless suffers a
significant drawback in that the act of manipulating the
basket or net structure distally from the occluded seg-
ment without angiographic roadmap visualization of the
vasculature increases the danger of damaging the ves-
sel. In addition, removing the basket or net structure may
permit if not cause thromboembolic material to enter into
connecting arteries. As noted above, this may lead to an
additional stroke in the connecting artery.

[0007] A still further interventional technique for treat-
ing ischemic stroke involves advancing a suction catheter
to the thromboembolism with the goal of removing it via
aspiration (i.e. negative pressure). Although generally
safe, removal via aspiration is only effective with relative-
ly soft thrombus-emboli. To augment the effectiveness
of aspiration techniques, a rotating blade has been em-
ployed to sever or fragment the thromboembolism, which
may thereafter be removed via the suction catheter.
While this rotating blade feature improves the effective-
ness of such an aspiration technique, it nonetheless in-
creases the danger of damaging the vessel due to the
rotating blade. Systems with rotatable cutting elements
for removing occluding material are also described in US
patent application publications US 2002/0147459 and
US 2003/0078606. US 2002/0072764 described a sys-
tem in which the separator element is a coiled element
that expands to a maximum diameter greater than that
of the microcatheter from which is extended. A mechan-
ical capture elementis used to hold thromboembolic ma-
terial as it is withdrawn from the blood vessel.

[0008] The foregoing interventional techniques, as
well as others in the prior art, all suffer one or more draw-
backs and are believed to be sub-optimal for treating
ischemic stroke. A system of the kind defined hereinbe-
fore at the beginning is described in US 2002/0147459.
According to the present invention a system of the kind
defined hereinbefore at the beginning is characterised
in that the distal portion has a distal end and the sepa-
rator element is in a fixed position on the distal portion
and spaced proximally from the distal end, the portion of
the elongate member between the separator element
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and the distal end being sufficiently flexible to be movable
atraumatically through a cerebral blood vessel without
folding; in that the separator element is of substantially
solid conical formwith a tapered distal portion and a prox-
imal portion with a proximally-facing surface; and in that
tolerance between the maximum diameter portion of the
separator element and the said fixed inner diameter is
tight and the separator element is advanceable from and
retractable into the lumen during aspiration using the as-
piration source.

[0009] The invention will now be described by way of
example with reference to the accompanying drawings,
wherein like reference numerals are applied to like ele-
ments and wherein:

Figure 1 is a partial sectional side view of one em-
bodiment of a thromboembolic removal system, in-
cluding a guide and occlusion catheter, a delivery
and aspiration catheter, an aspiration pump, athrom-
boembolic receiver, and a thromboembolic separa-
tor;

Figure 2 is a partial sectional side view of a delivery
and aspiration catheter forming part of the throm-
boembolic removal system shown in Figure 1, illus-
trating a thromboembolic receiver element in an un-
deployed state;

Figure 3 is a partial sectional side view of a delivery
and aspiration catheter forming part of the throm-
boembolic removal system shown in Figure 1, illus-
trating the thromboembolic receiver elementin a de-
ployed state;

Figure 4A is a perspective view depicting an alter-
nate embodiment of a thromboembolic receiver,
equipped with a plurality of engagement elements;
Figure 4B is a cross-section view taken along the
plane designated 4B-4B in Figure 4A;

Figure 4C is a perspective view illustrating the distal
portion of the thromboembolic receiver of Figure 4A;
Figure 5 is a plan view of the alternate thromboem-
bolic receiver of Figure 4. Although the receiver is
preferably a tubular structure, Figure 5 shows it
opened and flattened into a sheet so that its features
may be more easily viewed;

Figure 6 is a top view illustrating one embodiment of
a flex region for use in flexibly coupling the throm-
boembolic receiver, such as the receiver of FIG. 4A,
to an elongate member or a delivery and aspiration
catheter;

Figure 7 is a perspective view of an alternate throm-
boembolic receiver, equipped with a plurality of en-
gagement elements capable of being selectively de-
ployed after the deployment of the thromboembolic
receiver;

Figure 8A is perspective view of a thromboembolic
receiver having features for facilitating reloading of
the receiver into a catheter;

Figure 8B is a plan view similar to the view of Figure
5 showing the thromboembolic receiver of Figure 8A;
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Figure 8C is a perspective view of a proximal portion
of the thromboembolic receiver of Figure 8A and the
distal portion of the elongate member coupled to the
thromboembolic receiver, illustrating retraction of the
thromboembolic receiver into a delivery and aspira-
tion catheter;

Figures 9 and 10 are partial sectional side views of
a thromboembolic disrupter or separator in use with
a delivery and aspiration catheter;

Figure 11A is an enlarged view of the separator el-
ement forming part of the thromboembolic separator
shown in FIGS. 9 and 10;

Figure 11B is a side elevation view of an embodiment
of a thromboembolic separator in accordance with
the present invention;

Figure 11C is an enlarged view of the separator el-
ement forming part of the thromboembolic separator
shown in Fig. 11B;

Figure 11D is a side elevation view similar to Fig.
11C showing another alternate embodiment of a
thromboembolic separator;

Figure 12 is a partial sectional view of a patient illus-
trating the thromboembolic removal system of FIG.
1 in use within the arterial system;

Figure 13 is a partial sectional view of a patient illus-
trating the distal region of the thromboembolic re-
moval system of FIG. 1in use within acerebral artery;
Figure 14 is a partial section side view illustrating
advancement of a guide wire to a thromboembolism;
Figure 15 is a partial section side view illustrating
advancement of the guide and occlusion catheter,
with the balloon in a deflated state;

Figure 16 is a partial section side view illustrating
inflation of the balloon occlusion member to arrest
the blood flow within the artery containing the throm-
boembolism;

Figure 17 is a partial section side view illustrating the
step of advancing the delivery and aspiration cath-
eter of FIGS. 1-3 to a point proximal to the throm-
boembolism according to a method for using the sys-
tem of Fig. 1;

Figure 18 is a partial section side view illustrating
deployment of the thromboembolic receiver of FIGS.
1-3;

Figure 19 is a partial section side view illustrating
advancement of the delivery and aspiration catheter
of FIGS. 1-3 distally such that the thromboembolic
receiver of FIGS. 1-3 engages (fully or partially) the
thromboembolism;

Figures 20 and 21 are partial section side views il-
lustrating movement of the thromboembolic receiver
of FIGS. 1-3 into the guide and occlusion catheter
so as to remove the thromboembolism;

Figure 22 is a partial section side view illustrating
use of the thromboembolic separator of FIGS. 1 and
9-11C to engage the distal end of the thromboem-
bolism;

Figure 23 is a partial section side view illustrating
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use of the thromboembolic separator of FIGS. 1 and
9-11C to fragmentize and/or soften the thromboem-
bolism and/or aid aspiration;

Figure 24 is a partial section view illustrating inde-
pendent use of the thromboembolic separator of
Figs. 1 and 9-11C to fragmentize and/or soften the
thromboembolism and/or aid aspiration;

Figures 25 and 26 are partial section side views il-
lustrating advancement of the thromboembolic re-
ceiver of FIGS. 4 - 6 distally such that it envelopes
the thromboembolism; and

Figures 27 and 28 are a partial section side views
illustrating withdrawal of the thromboembolic receiv-
er of FIGS. 4 - 6 and the delivery and aspiration cath-
eter into the guide and occlusion catheter so as to
remove the thromboembolism.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0010] lllustrative embodiments of the invention are
described below. In the interest of clarity, not all features
of an actual implementation are described in this speci-
fication. It will of course be appreciated that in the devel-
opment of any such actual embodiment, numerous im-
plementation-specific decisions must be made to
achieve the developers’ specific goals, such as compli-
ance with system-related and business-related con-
straints, which will vary from one implementation to an-
other. Moreover, it will be appreciated that such a devel-
opment effort might be complex and time-consuming, but
would nevertheless be a routine undertaking for those of
ordinary skill in the art having the benefit of this disclo-
sure. The thromboembolic removal system disclosed
herein boasts a variety of inventive features and compo-
nents that warrant patent protection, both individually and
in combination.

System Features

[0011] FIG. 1 illustrates an exemplary embodiment of
a thromboembolic removal system 10. The thromboem-
bolic removal system 10 includes a guide and occlusion
catheter 12, a delivery and aspiration catheter 14, a
thromboembolic disrupter or separator 16, and an aspi-
ration pump 18. As will be described in greater detail
below, the thromboembolic removal system 10 advanta-
geously provides the ability to remove a thromboembo-
lism from a cerebral artery within a patient while over-
coming the drawbacks and limitations of the prior art.

[0012] The guide and occlusion catheter 12 includes
a tubular catheter member 20 having a main lumen 22
extending between a proximal end 24 and a distal end
26. The catheter member 20 may be constructed from
any number of compositions having suitable biocompat-
ibility and strength characteristics, and may be dimen-
sioned in any number of suitable sizes and lengths de-
pending upon the entry point into the vasculature, the
location of the thromboembolism, variances in patient
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anatomy, and any extenuating circumstances. In an ex-
emplary embodiment, the catheter member 20 may be
constructed from nylon with embedded stainless steel
braid and dimensioned having a length ranging from 70
cm to 110 cm and a diameter ranging from 5 French
(0.065inch) to @ French (0.117inch). A balloon occlusion
member 28 is disposed at or near the distal end 26. To
selectively inflate the occlusion member 28, an inflation
port 30 is provided in fluid communication with the occlu-
sion member 28 via at least one lumen (not shown) dis-
posed within the wall of the tubular catheter member 20.
A seal 32 is provided for passing the delivery and aspi-
ration catheter 14 through the main lumen 22 of the guide
and occlusion catheter 12 in leak-free, hemostatic fash-
ion.

[0013] The delivery and aspiration catheter 14 in-
cludes atubular catheter element 34 having amain lumen
36 extending between adistal end 38 and a proximal end
40. The catheter member 34 may be constructed from
any number of compositions having suitable biocompat-
ibility and strength characteristics, and may be dimen-
sioned in any number of suitable sizes and lengths de-
pending upon the entry point into the vasculature, the
location of the thromboembolism, variances in patient
anatomy, and any extenuating circumstances. In an ex-
emplary embodiment, the catheter member 34 may be
constructed from pebax with embedded stainless steel
braid and dimensioned having a length ranging from 130
cm to 170 cm and a diameter ranging from 2.5 French
(0.032 inch) to 5 French (0.065 inch).

[0014] The delivery and aspiration catheter 14 also in-
cludes a hub assembly 42 coupled to the proximal end
40 for the purpose of coupling the lumen 36 to the aspi-
ration pump 18. The hub assembly 42 also includes a
seal 44 for allowing the passage of the thromboembolic
separator 16 (as well as any pushing devices to deploy
a receiver element 46, as will be discussed below)
through the lumen 36 in leak-free, hemostatic fashion.
The lumen is preferably coated with PTFE or another of
the various suitable lubricious materials known in the art.
[0015] As best viewed with reference to FIGS. 2-3, the
thromboembolic receiver element 46 is capable of being
retained in a withdrawn or undeployed state within the
lumen 36 (FIG. 2) and selectively pushed out and/or un-
sheathed from the distal end 38 into a deployed state
(FIG. 3). The thromboembolic receiver 46 may be con-
structed from any number of compositions having suita-
ble biocompatibility and strength characteristics, and
may be dimensioned in any number of suitable sizes and
lengths depending upon the location of the thromboem-
bolism, variances in patient anatomy, and the size and
shape of the thromboembolism. As best viewed in FIGS.
3 and 5, the thromboembolic receiver 46 is formed from
a plurality of strut members 47, which upon being de-
ployed, create a multitude of generally diamond-shaped
openings 49 along the periphery of the thromboembolic
receiver 46. According to one embodiment, as shown in
FIGS. 18-23, the resulting points at the distal region of
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the thromboembolic receiver 46 are equipped with blunt
tip features 51 to facilitate passage of the thromboem-
bolic receiver 46 through the cerebral artery without
snagging or becoming otherwise stuck on the arterial
walls or branch vessels leading into the cerebral artery.
[0016] A pusher element 48 may be provided within
the catheter element 34 for use in advancing or pushing
the receiver element 46 from within the lumen 36 to as-
sume a fully or partially deployed state. By way of exam-
ple only, the pusher element 48 comprises an elongate
member 50 of suitable construction (e.g. wire or wire-
wound) having a distal abutment 52 dimensioned to con-
tact proximal terminal(s) 54 forming part of (or coupled
to) the receiver element 46. Although not shown, it will
be appreciated that the pusher element 48 may comprise
any number of suitable devices for pushing the receiver
element 46 for deployment, including but not limited to a
catheter having a distal end dimensioned to contact the
proximal terminal(s) 54 of the receiver element 46. In one
embodiment, such a pusher-catheter may have an inter-
nally disposed lumendimensioned to receive and/or pass
the thromboembolic separator 16.

[0017] FIG. 4A illustrates a thromboembolic receiver
146 of an alternate embodiment. The thromboembolic
receiver 146 may be constructed from any number of
compositions having suitable biocompatibility and
strength characteristics, and may be dimensioned in any
number of suitable sizes and lengths depending upon
the location of the thromboembolism, variances in patient
anatomy, and the size and shape of the thromboembo-
lism. In a preferred embodiment, the thromboembolic re-
ceiver 146 is constructed from Nitinol with "shape mem-
ory" or superelastic characteristics. In this fashion, the
thromboembolic receiver 146 is capable of being retained
in a constrained form or shape prior to deployment. The
receiver may be formed by laser cutting features into a
length of Nitinol tubing, and then chemically etching and
shape-setting the material one or more times using meth-
ods known to those skilled in the art.

[0018] Referring to FIG. 4A, receiver 146 is mounted
to an elongate member 151 preferably proportioned to
extend through lumen 36 (FIG. 1) of the delivery and
aspiration catheter 14. Strut members or "legs" 162 ex-
tend between receiver 146 and elongate member 151
and are preferably attached to the elongate member 151
using bonding, shrink tubing, or other known methods.
In a preferred embodiment, member 151 is an elongate
rod, catheter, wire or other elongate member. In this em-
bodiment, the thromboembolic receiver 146 is propor-
tioned so that it may be constrained in a compressed
position within the delivery and aspiration catheter 14 (in
a manner similar to that shown in FIGS. 1-3). Alterna-
tively, the elongate member 151 may be the delivery and
aspiration catheter 14, in which case the receiver 146
and delivery and aspiration catheter 14 are proportioned
to extend through the guide and occlusion catheter 12.

[0019] In either event, the thromboembolic receiver
146 may be automatically deployed - due to the shape
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memory or superelastic characteristics of Nitinol - by sim-
ply advancing the thromboembolic receiver 146 out of
the element constraining it in the undeployed state (e.g.
the guide and occlusion catheter 12 or the delivery and
aspiration catheter 14). Once deployed, the thromboem-
bolic receiver 146 may be employed to retrieve a throm-
boembolism. The dimensions of the receiver 146 are
preferably selected such that when it is in an expanded
condition at body temperature, the exterior surface of the
distal portion of the receiver contacts the surrounding
walls of the blood vessel. In one embodiment suitable for
most intracranial vessels, the receiver may expand to a
maximum outer diameter of approximately 2 - 6 mm, and
more preferably 2 - 5 mm. For other applications such
as procedures within the common carotid artery, a max-
imum outer diameter in the range of approximately 6 - 9
mm may be suitable.

[0020] The thromboembolic receiver 146 may be
formed having any of a variety of suitable geometries and
features without departing from the scope of the present
invention. According to one embodiment shown in FIGS.
4A and 5, the thromboembolic receiver 146 is formed
from a plurality of strut members, which upon being de-
ployed, create a multitude of generally rectangular open-
ings 149 (best viewed in FIG. 5) along the periphery of
the thromboembolic receiver 146. This is accomplished,
by way of example, by providing a plurality of longitudinal
strut members or "standards" 150 (which are generally
parallel to the longitudinal axis of the delivery and aspi-
ration catheter 14), and a plurality of transverse strut
members 152 (which extend generally perpendicularly
between the adjacent standards). In a preferred embod-
iment, the strut members collectively define a generally
cylindrical distal portion having a central lumen 147 as
shown in FIG. 4B.

[0021] The transverse strut members 152 may include
any number of curves or undulations, such as curves
153a shown near the points of intersection between the
transverse strut members 152 and the standards 150,
as well as the curves 153b midway between the points
of intersection as shown in FIG. 5. Such curves or undu-
lations help allow the thromboembolic receiver 146 to
fold into a compressed or constrained state, which is re-
quired in order to dispose the thromboembolic receiver
146 within the delivery and aspiration catheter 14 or with-
in the guide and occlusion catheter 12.

[0022] The transverse strut members 152 form, in a
preferred embodiment, a proximal cuff 154 located clos-
est to the delivery and aspiration catheter 14, a distal cuff
156 located at the distal or open end of the thromboem-
bolic receiver 146, and a middle cuff 158 located at some
point between the proximal and distal cuffs. Each cuff
(proximal 154, middle 158, and distal 156} is a circum-
ferential ring designed to enhance the structural support
and stability of the thromboembolic receiver 146, as well
as to aid in maintaining the thromboembolic receiver 146
in a desired shape upon deployment (for improved ap-
position to the vessel wall to optimize thromboembolic
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retrieval).

[0023] The structural support provided by the cuffs
154-158 may be augmented by providing one or more
stabilizing strut members 160 within one or more of the
generally rectangular openings 149. According to one
embodiment, these stabilizing strut members 160 may
take the form of a "V" extending from either the proximal
end or distal end of a given generally rectangular opening
149 within the thromboembolic receiver 146. In a pre-
ferred embodiment, such "V" shaped stabilizing strut
members 160 are provided within the proximal and distal
set of generally rectangular openings 149 within the
thromboembolic receiver 146. This advantageously adds
to the structural stability of the proximal and distal regions
of the thromboembolic receiver 146. Regardless of their
specific shape, the stabilizing strut members 160 prefer-
ably include folding regions or apexes 169 that allow them
to fold at the apexes 169 (see arrows A in FIG. 5) when
the receiver is compressed into the collapsed position.
Additionally, the receiver is preferably constructed so as
to permitthe strutmembers 160 to foldinthe regionwhere
they intersect with other elements forming the receiver
(e.g. in the FIG. 5 embodiment, the region of intersection
between strut members 160 and standards 150).
[0024] While structural stability of the thromboembolic
receiver 146 is a desired goal, it is also desired to have
certain aspects of flexibility. According to one embodi-
ment, relative flexibility is provided at the junction be-
tween the thromboembolic receiver 146 and the elongate
member 151 (or the distal end of the delivery and aspi-
ration catheter 14). This is accomplished, by way of ex-
ample only, by providing the plurality of connector strut
members or "legs" 162 extending between the proximal
cuff and the elongate member 151 to include (as best
viewed in FIG. 5) a flex region 164 near the distal end of
the elongate member 151. The flex regions 164 may be
formed into any shape that will add flexibility to the strut
members 162 without comprising the user’s ability to
transmit axial forces along the length of the strut mem-
bers 162. In an alternate embodiment shown in FIG. 6,
the flex regions 164a may comprise a plurality of mean-
dering "S" shaped struts 166a at the proximal ends of
the connector struts 162. According to another embodi-
ment, a flex region or spring region 168 (FIG. 5) (which
may comprise one or more "S" shaped curves or other
shapes designed to provide flexibility while maintaining
adequate column strength) may be provided at the junc-
tion between adjacent longitudinal strut members or
standards 150. In both instances, such flex regions 164,
168 are advantageous in that they allow the thromboem-
bolic receiver 146 to better track and follow tortuous ves-
sels without sacrificing needed column strength.

[0025] According to a further embodiment, the throm-
boembolic receiver 146 may also include a variety of fea-
tures to augment engagement between the thromboem-
bolic receiver 146 and the thromboembolism. This may
be accomplished, by way of example only, by providing
a plurality of engagement elements 170 on the throm-
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boembolic receiver. As best viewed in FIGS. 4A, 4B and
5, the engagement elements 170 may, according to one
embodiment, take the form of a"V" shaped structure cou-
pled at or near the distal end of the thromboembolic re-
ceiver 146 and extending between adjacent standards
150. The engagement elements preferably angle into the
lumen 147 of the thromboembolic receiver (see FIGS.
4B and 4C) so as to permit engagement of a thromboem-
bolism captured within the lumen. Any number of en-
gagement elements 170 may be employed without de-
parting from the scope of the present invention. In one
embodiment, three (3) separate engagement elements
170 may be employed, each being disposed one hundred
and twenty (120) degrees from one another along the
periphery of the thromboembolic receiver 146. In a pre-
ferred embodiment, the engagement elements 170 take
the form of a plurality of the stabilizing strut members 160
as shown in Figs. 4A and 5.

[0026] The engagement elements 170 may be de-
ployed automatically when the thromboembolic receiver
146 is deployed (as shown in FIG. 4-5). In accordance
with another aspect of the invention shown in FIG. 7, the
engagement elements 170a may also be selectively de-
ployed atany point following the deployment of the throm-
boembolic receiver 146a. According to the FIG. 7 em-
bodiment, the selective deployment of the engagement
elements 170a is accomplished by passing one or more
elongate elements 172 through the thromboembolic re-
ceiver 146a such that the engagement elements 170a
are prevented from extending medially into the lumen of
the thromboembolic receiver 146. When deployment is
desired, a user need only pull the elongate elements 172
in a proximal direction (towards the user) until the en-
gagement elements 170a are set free from the constraint
of the elongate elements 172. When this occurs, the
"shape memory" or superelastic nature of the engage-
ment elements 170a will cause themto assume their nat-
ural state, extending medially into the lumen of the throm-
boembolic receiver 146a. In this fashion, the engagement
elements 170a will engage the thromboembolism and
thus aid or enhance the ability of the thromboembolic
receiver 146a to remove a thromboembolism.

[0027] The thromboembolic receiver may be provided
with features that allow a surgeon to retract the receiver
back into the delivery and aspiration catheter after the
receiver has been partially or fully deployed into a blood
vessel. This might be necessary if, perhaps, the surgeon
receives angiographic or tactile feedback indicating that
a separator would be a preferred tool for removal of a
particular embolism, or that a receiver of a different size
would be more suitable for a particular procedure.
[0028] FIG. 8A illustrates one example of an embodi-
ment of a thromboembolic receiver 146b that is similar
to the receiver 146 of FIG. 4, but that includes features
that facilitate reloading of the receiver into the delivery
and aspiration catheter 14. As shown, receiver 146b of
the FIG. 8A embodiment includes a single, distal, cuff
152b and a plurality of longitudinal strut members 150b
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extending proximally from the cuff 152b.

[0029] Structural support members 160b are arranged
in adistal row 171a adjacent to the cuff 152b, and a more
proximal row 171b as shown in FIG. 8B. As with the FIG.
4 embodiment, a plurality of the structural support mem-
bers 160b in the distal row are inwardly biased into the
central lumen 147b of the receiver 146b so as to function
as engagement members 170b for engaging a throm-
boembolism.

[0030] Three types of stabilizing strut members extend
towards the proximal end of the receiver 146b. First, strut
members 162b extend distally from the apexes of those
of the structural support members 160b in the distal row
171a that do not function as engagement members.
These strut members 162b are coupled at an intermedi-
ate point to the apexes of longitudinally aligned support
members 160b in the proximal row 171b. Second, strut
members 162¢ form the proximal extensions of the lon-
gitudinal strut members 150b and include eyelets 163 at
their proximal ends. Third, strut members 162d extend
from the apexes of those of the structure support mem-
bers 160b in the proximal row that are longitudinally
aligned with the engagement members 170b. Flexibility
may be added to the receiver 146b may constructing
some or all of the strut members to include flex regions
of the type described in connection with earlier embodi-
ments (see, e.g. flex regions 168 of FIG. 5).

[0031] Referring to Fig. 8C, the receiver 146b includes
apusher or elongate member 151b thatincludes a lumen
165 at its distal end. During assembly of the receiver
146D, the proximal ends of strut members 162b and 162d
are positioned within the lumen 165 as shown and are
allowed to slide freely within the lumen 165. The proximal
ends of strut members 162c are bonded to the exterior
surface of the elongate member 151b using heat shrink
tubing 167 or other suitable material. The eyelets 163
facilitate bonding by allowing the bonding material to flow
into the openings of the eyelets, thereby exposing a larger
portion of each strut member 162c to the bonding mate-
rial. If desired, the strut members 162b and 162d may be
somewhat longer than the strut members 162¢ at the
proximal end of the receiver, to allow them to be easily
identified for insertion into the lumen 165 during assem-
bly.

[0032] Ifitshould be necessary to withdraw the receiv-
er 146b back into the delivery and aspiration catheter 14
from a fully or partially deployed state, the elongate mem-
ber 151b is withdrawn in a proximal direction relative to
the catheter as shown in FIG. 8C. As the receiver 146b
moves into the catheter 14, the receiver begins to fold at
the apexes of the structural support members 160b,
thereby pushing the strut members 162b and 162d in a
proximal direction. Folding is more easily accomplished
than with the receiver 146 of FIG. 4 due to the fact that
certain of the structural support members 160b are inter-
connected at their apexes by strut members 162b. Thus,
the folding of one member 160b in the proximal row 171b
will facilitate the folding of a corresponding member 160b
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in the distal row 171a. The strut members 162b and 162d
are allowed to slide freely within the lumen 165 of the
elongate member 151b so that they will not resist folding
of the members 160b during withdrawal of the receiver
146b into the catheter 14.

[0033] A thromboembolic separator is shown in FIG.
9. The thromboembolic separator 16 includes an elon-
gated element 56 having a proximal end 58 and a distal
end 60. The elongated element 56 may be constructed
from any number of compositions having suitable bio-
compatibility and strength characteristics, and may be
dimensioned in any number of suitable sizes and lengths
depending upon the entry point into the vasculature, the
location of the thromboembolism, variances in patient
anatomy, and any extenuating circumstances.

[0034] The elongated element 56 may be constructed
from stainless steel and/or Nitinol and dimensioned hav-
ing a length ranging from 150 cm to 200 cm and a diam-
eter ranging from 0.010 inch to 0.021 inch. A lubricious
surface (e.g. a PTFE coating, hydrophilic coating, or oth-
er suitable coatings) may be applied to all or a portion of
the elongate element 56 to facilitate movement of the
element within the lumen of the delivery/aspiration cath-
eter 14 and/or within the vasculature.

[0035] If desired, the elongate element 56 may take
the form of a guide wire of the type used in various vas-
cular applications. The elongate element may thus op-
tionally include a coiled distal section 57 (Fig. 11B) having
sufficient flexibility to prevent trauma to vascular tissues
during advancement of the guidewire. The coiled distal
section 57 may have a length in the range of approxi-
mately 27 - 33 cm. The coil is preferably positioned
around an inner mandrel or core (not shown) of a type
commonly found in coiled guidewires.

[0036] The "working end" of the separator 16 includes
a generally blunt tip element 62 attached or forming part
of the distal end 60 of the elongated element 56, and a
separator element 64 attached or forming part of the elon-
gated element 56. The tip element 62 is preferably di-
mensioned to pass through or against a thromboembo-
lism so as to soften or fragment the thromboembolism
for removal. The blunt nature of the tip element 62 is
advantageously traumatic such that it will not cause dam-
age to the interior of the vasculature during use. The sep-
arator 16 also assists in removing any clogs or flow re-
strictions that may develop within the lumen 36 due to
the passage of thromboembolic material therethrough
during aspiration.

[0037] As bestshown in FTG. 11A, the separator ele-
ment 64 takes the form of a basket that is generally con-
ical in shape, with an opening 66 facing proximally along
the elongated element 56. The separator basket 64 is
dimensioned to assist in the thromboembolic fragmenta-
tion process , as well as to receive such thromboembolic
fragments to aid in their removal. The separator basket
64 is provided having a web 68 and one or more support
members 70. The support members 70 are dimensioned
to bias the web 68 into the generally open position shown
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and, if desired, to allow the web 68 to assume a generally
closed position (not shown, but generally flush against
the elongated element 56) as the separator 16 is passed
through delivery and aspiration catheter 14, a catheter-
style pusher as described above, and/or the thromboem-
bolism itself.

[0038] A separator 16a in accordance with the inven-
tionisshowninFigs. 11Band 11C, in which like reference
numerals are used to identify features similar to those
shown in Figs. 9, 10 and 11A. Separator 16a differs from
separator 16 of Figs. 9, 10 and 11A primarily in the fea-
tures of separator element 64a. Referring to Fig. 11B,
separator element 64a is a conical member formed of a
polymeric material such as polyurethane or Pebax® pol-
yether block amides, to name a few. The separator ele-
ment 64a is preferably a solid member, with a surface 65
facing in the proximal direction, and with the taper of the
element oriented in a distal direction. Surface 65 may be
contoured in a variety of ways. For example, surface 65
may be slightly concave as shown in Fig. 11B, substan-
tially planar as shown in Fig. 11C, or slightly convex as
shown in Fig. 11D.

[0039] The separator element 64a is positioned on the
coiled distal section 57 of the elongate element 56. The
pitch of a portion of the coiled section 57 may be de-
creased in certain regions of the coiled distal section 57.
Opening the spacing in the coil in this manner can facil-
itate adhesion between the polymeric material of the sep-
arator element and the coil material during the molding
process. The spacing between the separator element
64a and the distal end 60 of the elongate element 56 is
long enough to allow the distal-most portion of the elon-
gate element sufficient flexibility to move atraumatically
through the vasculature, but shortenough to prevent fold-
ing of the distal-most portion during advancement of the
elongate element 56. In an exemplary embodiment, the
distal end of separator element 64a may be positioned
approximately 3 - 9 mm from the distal end 60. It should
be noted that the mandrel or core (not shown) within the
coiled section 57 of the elongate element 56 might have
a tapered diameter selected to enhance the flexibility of
the coiled section.

[0040] A handle member 72 (Fig. 9) is provided at the
proximal end 58 of the separator to provide a purchase
point for a user to advance and/or manipulate the atrau-
matic tip element 62 and separator 64/64a . In one em-
bodiment, the handle member 72 may be coupled to the
elongated element 56 in any suitable fashion, including
but not limited to providing a generally rigid extension
(not shown) disposed within the elongated element 56
for the purpose of coupling the two components together.
This coupling may be augmented or strengthened
through the use of any number of adhesives or fusing
techniques.

[0041] The separator 16 may be provided in a variety
of different permutations without departing from the
scope of the present invention. For example, in addition
to the "self deployable" embodiment described above,
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the separator basket 64 of Fig. 11A may be selectively
deployed, such as by equipping the separator basket 64
with a mechanism to selectively bias or open the support
members 70 from an initial position lying generally flush
against the elongated element 56 to a generally radially
expanded position (shown with arrows in FIG. 11A).
[0042] It will be appreciated that the guide and occlu-
sion catheter 12, the delivery and aspiration catheter 14,
the thromboembolic separator 16 and/or the thromboem-
bolic receiver 46 may be provided with any number of
features to facilitate the visualization of these elements
during introduction and usage, including but not limited
to having the distal regions equipped with radiopaque
markers for improved radiographic imaging.

[0043] Asdiscussed previously in connection with Fig.
1, the various components described herein may be pro-
vided as part of a system 10 for removing thromboem-
bolic material. The thromboembolic removal system 10
may include a guide and occlusion catheter 12, a delivery
and aspiration catheter 14, a thromboembolic separator
16/16a, a thromboembolic receiver (e.g. receiver 46 or
146), and an aspiration pump 18, as well as guidewires
and/or other tools appropriate for the procedure. In one
embodiment, multiple receivers 46/146 may be provided,
allowing the surgeon to sequentially retrieve several
thromboembolisms during the course of a procedure. For
simplicity, each separate receiver may be provided with
a separate delivery and aspiration catheter. The system
10 may additionally be provided with instructions for use
setting forth any of the various methods of use described
herein, or equivalents thereof.

System Use

[0044] Methods of using the thromboembolic removal
system 10 will now be described with reference to FIGS.
12-28. As shown generally in FIGS. 12-13, in a first ex-
emplary method the thromboembolic removal system 10
is introduced into the patient’s vasculature, such as via
the Seldinger technique. FIG. 14 illustrates the first step
of this process, which involves advancing a guide wire
104 to a point proximal to a thromboembolism 100. The
guide wire 104 may comprise any number of commer-
cially available guide wires, the operation of which is well
known in the art. However, in one method, the elongate
member 56 (FIG. 11B) of the separator 16 functions as
the guidewire 104.

[0045] FIG. 15illustrates a second step, whichinvolves
advancing the guide and occlusion catheter 12 over the
guide wire 104 to a point proximal to the
thromboembolism . The next step, shown in FIG. 16,
preferably involves inflating the balloon occlusion mem-
ber 28 so as to arrest the blood flow within the cerebral
artery 102 containing the thromboembolism 100. As
shown in FIG. 17, the delivery and aspiration catheter 14
is then advanced through the guide and occlusion cath-
eter 12 such that the distal end 38 of the delivery and
aspiration catheter 14 is positioned at a point proximal
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to the thromboembolism 100. This may be facilitated by
advancing the delivery and aspiration catheter 14 over
the guide wire 104 and/or an exchange-length guide wire
(not shown but well known in the art) extending through
the guide and occlusion catheter 12.

[0046] At this point, as shown in FIG. 18, the throm-
boembolic receiver 46 is deployed from the distal end 38
of the delivery and aspiration catheter 14. In one embod-
iment, the balloon occlusion 28 may be inflated at this
point (as opposed to inflating it before the delivery and
aspiration catheter 14 is advanced, as shown in FIG. 16).
The delivery and aspiration catheter 14 is then advanced
distally - as shown in FIG. 19 - such that the thromboem-
bolic receiver 46 engages and/or envelops (partially or
fully) the thromboembolism 100. At this point, as shown
in FIGS. 20 and 21, the delivery and aspiration catheter
14 may be withdrawn into the guide and occlusion cath-
eter 12 to remove the thromboembolism 12 from the pa-
tient 16.

[0047] To augment the ability to remove the throm-
boembolism 100, or in the instance the thromboembolic
receiver 46 does not initially engage the thromboembo-
lism 100, the aspiration pump 18 may be activated to
establish negative pressure within the delivery and aspi-
ration catheter 14. In this fashion, negative pressure will
be created within the cerebral artery 102 and exerted
upon the thromboembolism 100. As noted above, the
separator 16 (or the separator 16a of FIGS 11B-D) may
be employed during this process (e.g. advancing and re-
tracting it within the lumen 36 of the delivery and aspira-
tion catheter 14) to remove any clogs or flow restrictions
due to the passage of thromboembolic material through
the lumen 36. The negative pressure will serve to draw
the thromboembolism 100 into (partially or fully) the
thromboembolic receiver 46. The delivery and aspiration
catheter 14 may then be withdrawn into the guide and
occlusion catheter 12 to remove the thromboembolism
100 from the patient.

[0048] To further augment the ability to remove the
thromboembolism 100, or in the instance the aspiration
pump 18 does not adequately draw all or most of the
thromboembolism 100 into the receiver 46, the throm-
boembolic separator 16/16a may be advanced into con-
tact with a portion of the thromboembolism, or completely
through the thromboembolism 100 as shown in FIG. 22,
and employed to bias or engage the distal end of the
thromboembolism 100. This will increase the surface ar-
ea of engagement with the thromboembolism 100, which
willadvantageously allow it to be withdrawn into the guide
and occlusion catheter 12 such as by withdrawing the
separator 16/16a and delivery and aspiration catheter 14
simultaneously into the guide and occlusion catheter 12.
[0049] As shown in FIG. 23, the separator 16/16a may
also be selectively advanced and retracted through the
thromboembolism 100 (or that remaining outside the re-
ceiver 46). This will serve to break up or otherwise soften
the thromboembolism 100. Advancing and retracting the
separator 16/16a also serves to remove any clogs or flow
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restrictions within the lumen of the delivery and aspiration
catheter 14 during aspiration due to the passage of
thromboembolic material through the lumen 36 of the de-
livery and aspiration catheter 14. In either event, the as-
piration pump 18 will draw or bias the thromboembolic
fragments 106 or the softened thromboembolism 100 into
the thromboembolic receiver 46 and/or into catheter 14.
The delivery and aspiration catheter 14 may then be with-
drawn such that the thromboembolic receiver 46 is drawn
into the guide and occlusion catheter 12 to remove the
thromboembolism 100 from the patient.

[0050] Selective advancement of the separator ele-
ment 64 through the thromboembolism and retraction of
the separator element into the delivery and aspiration
catheter 14, preferably in combination with aspiration,
can additionally be used to carry small "bites" of the
thromboembolic material into the catheter 14. For exam-
ple, the separator element 64 may be passed through
the thromboembolic material, displacing some material
and thus forming a channel in the material as it moves
distally. Once the separator element is positioned further
into, or distally of, the thromboembolism, some of the
displaced material may flow back into this channel. Sub-
sequent retraction of the separator element 64 through
the material (e.g. through the re-filled channel) will then
draw some of the material into the catheter 14. To facil-
itate this procedure, the separator element 64 and the
catheter 14 are preferably provided with fairly tight toler-
ances between the diameter of the catheter lumen 36
and the greatest diameter of the separator element 64.
For example, in one exemplary embodiment, the outer
diameter of separator element 64 and the diameter of
lumen 36 may differ by approximately 0.003 - 0.008 inch-
es.

[0051] An alternative method will next be described in
which the receiver and disrupter are preferably used in-
dependently of one another, although combined use
such as that described in connection with the first exem-
plary method might also be used. This method will be
described as performed using the thromboembolic re-
ceiver 146 and the separator 16a, however it should be
appreciated that other embodiments of these compo-
nents may alternatively be used in the disclosed method.
[0052] According to the alternative method, an initial
determination is made concerning whether use of receiv-
er 146 or separator 16a will first be employed. This de-
termination may be made at random, although in a pre-
ferred method the surgeon selects the appropriate tool
based on adetermination of the likely nature of the throm-
boembolic material that is to be removed. In particular,
the surgeon will assess the patient to determine whether
the material is likely to be hard or soft/gelatinous. This
assessment might include an evaluation of one or more
factors such as the response of the tip of the guidewire
or separator when it is brought in contact with the throm-
boembolism, the location of the thromboembolic materi-
al, patient symptoms, and/or the manner in which the
stroke caused by the thromboembolism is manifesting
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itself.

[0053] As discussed in connection with the first exem-
plary method, the guide and occlusion catheter 12 is in-
troduced into the patient’s vasculature, and the occlusion
balloon 28 is inflated to arrest the flow of blood within the
vessel (see, for example, Figs. 14-16).

[0054] The delivery and aspiration catheter 14 is
passed through the guide and occlusion catheter 12 and
positioned with its distal end at a location proximal to the
thromboembolism 100. If the surgeon elects to use the
separator 16a prior to using the receiver 146, or if the
assessment results in a determination that the throm-
boembolic material is likely to be somewhat soft or ge-
latinous, the aspiration pump 18 is activated to establish
negative pressure within the delivery and aspiration cath-
eter 14, and thus to exert negative pressure exerted upon
the thromboembolism 100 to draw embolic material into
the catheter 14.

[0055] The separator 16a is deployed from the distal
end of the delivery and aspiration catheter 14 and moved
into contact with the thromboembolic material 100 as
shown in Fig. 24. The separator may be advanced and
retracted multiple times if desired. When advanced and
retracted as shown, the separator can facilitate aspiration
of the thromboembolic material into the catheter 14 in
one of avariety of ways. First, movement of the separator
into contact with the thromboembolism can loosen, sep-
arate, or soften pieces of thromboembolic material, such
that pieces of the thromboembolism can be aspirated
into the catheter. Second, advancing and retracting the
separator 16a serves to remove any clogs or flow restric-
tions within the lumen 36 of the delivery and aspiration
catheter 14 that might be caused by the passage of
thromboembolic material through the lumen 36. Addition-
ally, during retraction of the disrupter 16a, its proximal
surface 35 may push or plunge loosened material to-
wards and/or into the distal end of the catheter 14 for
subsequent aspiration out of the body.

[0056] If use of the disrupter 16a as just described re-
vealsthatthe vesselincludes a hard mass of thromboem-
bolic material incapable of aspiration without further in-
tervention, the disrupter 16a is preferably withdrawn from
the catheter 14 and a thromboembolic receiver 146 is
passed through the delivery and aspiration catheter 14
and deployed within the blood vessel. If the system is
provided with multiple sizes of receivers, the surgeon will
select a receiver having an appropriate size for the blood
vessel being treated.

[0057] Referring to FIGS. 25 - 28, once the receiver
146 is deployed, it expands into contact with the sur-
rounding walls of the vessel. As the receiver 146 is ad-
vanced towards the body thromboembolic material 200,
the walls of the receiver 146 slip around the body 200 to
engage and/or envelop (partially or fully) the thromboem-
bolism. The engaging elements 170 engage the throm-
boembolism 200, thereby retaining it within the receiver.
If desired, the delivery and aspiration catheter 14 may
be advanced slightly in a distal direction as indicated by
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arrows in FIG. 27, so as to "cinch" the strut members 162
towards one another, thus causing the receiver 146 to
collapse slightly in a radially inward direction. Addition-
ally, the aspiration pump 18 (FIG. 1) may be activated to
facilitate retention of the thromboembolism 200 within
the receiver. The delivery and aspiration catheter 14, the
receiver 146 and the thromboembolism 100 are with-
drawn into the guide and occlusion catheter 12 and are
withdrawn from the body. If additional thromboembolic
material should remainin the blood vessel, a newdelivery
and aspiration catheter 14 may be passed into the blood
vessel, and a new receiver may be deployed through the
catheter 14 for retrieving the additional body of throm-
boembolic material.

[0058] Naturally, the surgeon may elect to initially de-
ploy the receiver rather than the separator, such as if the
initial assessment results in a determination that the
thromboembolic material is likely to be hard. The method
is then carried out utilizing the receiver 146 as described
in the preceding paragraph. If it is later determined that
residual thromboembolic material (e.g. soft or gelatinous
material) is presentin the vessel, the receiver 146 is pref-
erably removed form the body, and the separator 16a is
passed through the delivery and aspiration catheter 14.
The aspiration pump 18 is activated and the separator
16a is manipulated to facilitate aspiration of the soft ma-
terial in the manner described above.

[0059] While the invention is susceptible to various
modifications and alternative forms, specific embodi-
ments thereof have been shown by way of example in
the drawings and are herein described in detail. It should
be understood, however, that the description herein of
specificembodimentsis notintended to limit the invention
to the particular forms disclosed, but on the contrary, the
invention is to cover all modifications, equivalents, and
alternative falling within the scope of the claims.

Claims

1. A system for removing thromboembolic material
from a cerebral blood vessel, the system comprising:

a delivery catheter (14) having a lumen (36) in-
cluding a distal end having a fixed inner diame-
ter;

an elongate member (56) extendable through
the said lumen (36) and including a distal portion
(57) and having a separator element (64a) on
the distal portion (57), the separator element
(64a) being a broadened element and having a
maximum diameter portion having a maximum
diameter smaller than the said fixed inner diam-
eter; and

an aspiration source (18) fluidly coupled to the
said lumen (36), wherein

the distal portion (57) has a distal end (60) and
the separator element (64a) is in a fixed position
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on the distal portion (57) and spaced proximally
from the distal end (60), the portion of the elon-
gate member (56) between the separator ele-
ment (64a) and the distal end (60) being suffi-
ciently flexible to be movable atraumatically
through a cerebral blood vessel without folding;
the separator element (64a) is of substantially
solid conical form with a tapered distal portion
and a proximal portion with a proximally-facing
surface (65); and

tolerance between the maximum diameter por-
tion of the separator element (64a) and the said
fixed inner diameter is tight and the separator
element (64) is advanceable from and retracta-
ble into the lumen (36) during aspiration using
the aspiration source (18) .

A system according to claim 1, characterised in
that the maximum diameter of the separator element
(64a) is in the range of 0.076 - 0.203 mm (0.003 -
0.008 inches) smaller than the said fixed inner diam-
eter.

A system according to claim 1, characterised in
that the delivery catheter (14) has an outer diameter
inthe range of approximately 0.813 mmto 1.651 mm
(0.032 inch to 0.065 inch).

A system according to claim 1, characterised by
an expandable receiving element (146) on an elon-
gate shaft (151) extendable through the said lumen
(36), the receiving element (146) being advanceable
within the blood vessel into contact with thromboem-
bolic material, and at least partially collapsible to en-
gage thromboembolic material.

A system according to claim 1, characterised in
that the proximally-facing surface is concave.

A system according to claim 1, characterised in
that the proximally-facing surface is substantially
planar.

A system according to claim 1, characterised in
that the proximally-facing surface is convex.

A system according to claim 4, characterised in
that the elongate shaft (151) and the elongate mem-
ber (56) are extendable through the said lumen (36)
independently of one another.

A system according to claim 4 or 8, characterised
in that the receiving element (146) is formed of a
plurality of structural members (150,160,162,170)
arranged to form a sleeve having a central lumen, a
plurality of the structural members comprising en-
gaging elements (170) having apex regions extend-
ing into the central lumen, and in that a plurality of
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the structural members (160) comprise a plurality of
generally v-shaped elements having longitudinally-
oriented apexes, and the engaging elements (170)
comprise a plurality of v-shaped elements.

Patentanspriiche

System zur Entfernung von thromboembolischem
Material aus einem cerebralen Blutgefan, wobeidas
System Folgendes umfasst:

einen Abgabekatheter (14) mit einem Lumen
(36), der ein distales Ende mit einem fixen In-
nendurchmesser einschlief3t;

ein langliches Element (56), das durch das Lu-
men (36) verlangerbar ist und einen distalen Ab-
schnitt (57) einschlieBt und ein Trennelement
(64a) am distalen Abschnitt (57) aufweist, wobei
das Trennelement (64a) ein sich verbreiterndes
Element darstellt und einen Abschnitt mit einem
maximalen Durchmesser aufweist, wobei der
maximale Durchmesser Kleiner als der fixe In-
nendurchmesser ist; und

eine Aspirationsquelle (18) in FlieBverbindung
mit dem Lumen (36) gekoppelt ist, worin:

der distale Abschnitt (57) ein distales Ende
(60) aufweist und das Trennelement (64a)
sich in einer fixen Position am distalen Ab-
schnitt (57) befindet und mit Abstand proxi-
mal vom distalen Ende (60) angeordnet ist,
wobei der Abschnitt des langlichen Ele-
ments (56) zwischen dem Trennelement
(64a) und dem distalen Ende (60) ausrei-
chend flexibel ist, damit es ohne Zusam-
menfalten atraumatisch durch ein cerebra-
les Blutgefal bewegbar ist;

das Trennelement (64a) im Wesentlichen
aus einer festen konischen Form mit einem
sich verjingenden distalen Abschnitt und
einem proximalen Abschnitt mit einer nach
proximal gekehrten Oberflache (65) be-
steht; und

die Toleranz zwischen dem Abschnitt mit
dem maximalen Durchmesser des Tren-
nelements (64a) und dem fixen Innendurch-
messer eng ist und das Trennelement (64)
wahrend der Aspiration mithilfe der Aspira-
tionsquelle (18) vorschiebbar aus dem und
zurlickziehbar in das Lumen (36) ist.

System nach Anspruch 1, dadurch gekennzeich-
net, dass der maximale Durchmesserdes Trennele-
ments (64a) im Bereich von 0,076 - 0,203 mm (0,003
Inch - 0,008 Inch) Kkleiner als der fixe Innendurch-
messer ist.
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3. System nach Anspruch 1, dadurch gekennzeich-
net, dass der Abgabekatheter (14) einen AuBen-
durchmesserim Bereich von ca. 0,813 mmbis 1,651
mm (0,032 Inch bis 0,065 Inch) aufweist.

étant un élément élargi et ayant une portion de
diamétre maximum ayant un diametre maxi-
mum inférieur audit diametre interne fixe ; et
une source d’aspiration (18) fluidement couplée
5 a ladite lumiere (36),
4. System nach Anspruch 1, gekennzeichnet durch
dass ein expandierbares Aufnahmeelement (146)
an einem langlichen Schaft (151), der durch das
Lumen (36) verlangerbar ist, wobei das Aufnahme-
element (146) im BlutgeféaB vorschiebbar ist, mitdem 70
thromboembolischen Material in Kontakt kommtund
mindestens teilweise kollabierbar ist, um das throm-
boembolische Material einzufangen.

dans lequel :

la portiondistale (57) aune extrémité distale (60)
et 'élément séparateur (64a) est dans une po-
sition fixe sur la portion distale (57) et est proxi-
malement espacé de I'extrémité distale (60), la
portion du membre allongé (56) entre I'élément
séparateur (64a) et 'extrémité distale (60) étant
suffisamment flexible pour étre atraumatique-
ment déplacée dans un vaisseau sanguin céré-
bral sans se plier ;

I'élément séparateur (64a) est d’'une forme co-
nique substantiellement solide avec une portion
distale effilée et une portion proximale ayantune
surface tournée proximalement (65) ; et

la tolérance entre la portion de diamétre maxi-
mum de 'élément séparateur (64a) et ledit dia-
metre interne fixe est serrée et 'élément sépa-
rateur (64) peut étre poussé de l'intérieur de, et
rétracté dans, la lumiére (36) durant I'aspiration
en utilisant la source d’aspiration (18).

5. System nach Anspruch 1, dadurch gekennzeich- 75
net, dass die nach proximal gekehrte Oberflache
konkav ist.

6. System nach Anspruch 1, dadurch gekennzeich-
net, dass die nach proximal gekehrte Oberflacheim 20
Wesentlichen planar ist.

7. System nach Anspruch 1, dadurch gekennzeich-
net, dass die nach proximal gekehrte Oberflache
konvex ist. 25

8. System nach Anspruch 4, dadurch gekennzeich-
net, dass der langliche Schaft (151) und das lang-
liche Element (56) unabhangig voneinander durch 2.
das Lumen (36) verlangerbar sind. 30

Systeme selon la revendication 1, caractérisé en
ce que le diametre maximum de I'élément sépara-
teur (64a) est de quelque 0,076 a 0,203 mm (0,003

System nach Anspruch 4 oder 8, dadurch gekenn-
zeichnet, dass das Aufnahmeelement (146) aus ei-
ner Vielzahl von Strukturelementen (150, 160, 162,
170) gebildet ist, die zur Bildung einer Hiilse mit ei-
nem Zentrallumen angeordnet sind, wobei eine Viel-
zahl der Strukturelemente Einfangelemente (170)
mit sich in das Zentrallumen erstreckenden Apex-
Regionen umfasst, und dass eine Vielzahl der Struk-

35

a 0,008 pouces) inférieur audit diameétre interne fixe.

Systeme selon la revendication 1, caractérisé en

ce que la sonde de déploiement (14) a un diamétre

externe compris entre approximativement 0,813 mm
et 1,651 mm (0,032 pouce et 0,065 pouce).

Systeme selon la revendication 1, caractérisé par

turelemente (160) eine Vielzahl von im Allgemeinen 40 un élément récepteur expansible (146) sur un axe
V-férmigen Elementen mit IAngs ausgerichteten Api- allongé (151) extensible dans ladite lumiére (36),
zes aufweist, und die Einfangelemente (170) eine Iélément récepteur (146) pouvant étre poussé dans
Vielzahl V-férmiger Elemente umfassen. le vaisseau sanguin en contact avec la substance
thromboembolique, et étre au moins partiellement

45 pliable de maniére a saisir la substance thromboem-

Revendications bolique.

1. Systéme servant a extraire la substance throm- 5. Systéme selon la revendication 1, caractérisé en
boembolique logée dans un vaisseau sanguin céré- ce que la surface tournée proximalement est con-
bral, ledit systéme comprenant : 50 cave.

une sonde de déploiement (14) possédant une 6. Systéme selon la revendication 1, caractérisé en

lumiere (36) incluant une extrémité distale a dia-

metre interne fixe ;

un membre allongé (56) extensible dans ladite 55
lumiére (36) incluant une portion distale (57) et 7.
portant un élément séparateur (64a) sur la por-

tion distale (57), I'élément séparateur (64a)

ce que la surface tournée proximalement est sensi-
blement plane.

Systeme selon la revendication 1, caractérisé en

ce que la surface tournée proximalement est con-
vexe.

12
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Systéme selon la revendication 4, caractérisé en
ce que I'axe allongé (151) etle membre allongé (56)
sont extensibles dans ladite lumiére (36) indépen-
damment 'un de l'autre.

Systeme selon la revendication 4 ou 8, caractérise

en ce que I'élément récepteur (146) est formé d’'une
pluralité de membres structurels (150, 160, 162, 170)
disposés de maniére a former un manchon ayant
une lumiére centrale, une pluralité des membres 70
structurels comprenant des éléments enclencheurs
(170) munis de régions supérieures s’étendant dans

la lumiére centrale, et en ce qu’une pluralité des
membres structurels (160) comprend une pluralité
d’éléments généralement en forme de V présentant 75
des sommets orientés longitudinalement, et les élé-
ments enclencheurs (170) comprennent une plura-

lité d’éléments en forme de V.

20

25

30

35

40

45

50

55
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ANEURYSM OCCLUSION SYSTEM AND METHOD

CROSS-REFERENCE TO RELATED APPLICATIONS

[001]  This application claims priority to U.S. Provisional Application No. 61/655,116
(Attorney Docket No. 41507-714.101), filed June 4, 2012; and is a continuation-in-part of
U.S Patent Application Serial No. 13/312,816 (Attorney Docket No. 41507-713.201), filed
December 6, 2011; and is also a continuation-in-part of U.S. Patent Application Serial No.
11/784,236 (Attorney Docket No. 41507-705.201), filed April 6, 2007, which claims priority
to U.S. Provisional Application Serial No. 60/790,160 (Attorney Docket No. 41507-705.101),
filed April 7, 2006, the disclosures of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION
[002] 1. Ficld of the Invention. The present invention relates generally to the fields of

systems and methods for treatment of aneurysm, including implanting one or more
intravascular devices for occlusion of the ancurysm.

[003] An aneurysm is an abnormal ballooning of a region of a blood vessel wall due to
weakening of the wall tissue. While aneurysms can occur in any artery of the body, a large
percentage of aneurysm are found in the cerebral blood vessels. If left untreated, such
aneurysms can rupture, leading to life threatening hemorrhaging in the brain which can result
in death or severe deficit.

[004] Aneurysms that do not rupture can form blood clots which can break away from the
aneurysm potentially causing a stroke. In some patients, aneurysm can put pressure on nerves
or brain tissue, causing pain, abnormal sensations, and/or seizures.

[005] One current practice for treatment of an aneurysm includes surgical placement of an
ancurysm clip across the aneurysm to prevent blood flow into the aneurysm. Naturally, this
procedure requires highly invasive brain surgery and thus carries many risks.

[006] In a less invasive catheter-based technique for aneurysm treatment, filler material is
carried through the vasculature to the site of the ancurysm and used to pack the ancurysm.
Materials used for this purpose include platinum coils and cellulose acetate polymer to fill the
ancurysm sac. While these techniques have had some success, questions remain concerning
their long-term effectiveness, ease of use, as well as their potential for rupturing the aneurysm
or triggering clot formation. In addition, there is some risk of post procedure migration of

embolic material from the ancurysm into the parent blood vessel.
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[007]  According to another prior art ancurysm treatment, a mesh or braided stent-like
device is positioned within a blood vessel such that it bridges the ancurysm, blocking flow of
blood into the aneurysm. A problem encountered with devices of this type is that the
sidewalls of the devices not only occlude blood flow into the aneurysm, but they will also
block flow between the blood vessel and any side branch vessels that the stent happens to
cover. See FIG. 1A, which shows a blood vessel V, aneurysm A, and side branch vessel B. In
some prior art modifications to the stent-type devices, the devices include sidewalls that are
not occlusive around the full circumference of the device. In implanting these devices, the
physician must make certain that the occlusive portion of the device’s circumference covers
the aneurysm and not any of the side branch vessels.

[008] Returning to the aneurysm coil embolization solution mentioned above, a typical
procedure is illustrated in FIGS. 2A-2D. A typical occlusion coil is a wire coil having an
elongate primary shape with windings coiled around a longitudinal axis. It is constrained in
an clongate configuration or primary shape within the catheter for delivery through the
interior of the catheter. The catheter is introduced into the femoral artery and navigated
through the vascular system under fluoroscopic visualization. The catheter distal end is
positioned at the site of an aneurysm within the vasculature of the brain. (See FIG. 2A,
illustrating catheter distal end D as it is being positioned at the site of aneurysm A.)

[009] With proper positioning of catheter distal end D confirmed, the coil is passed from
the catheter into the aneurysm. The coil reverts to a three dimensional configuration after
release from the distal end of the catheter into the interior of the ancurysm. Once released
from the catheter, the coil assumes a secondary shape selected to optimize filling of the
aneurysm cavity, and the catheter may be withdrawn from the vessel. (See FIGS. 2B-2C,
illustrating the release of coil C into ancurysm A.) Multiple coils may be introduced into a
single aneurysm cavity for optimal filling of the cavity. The deployed coils serve to block
blood flow into the ancurysm and reinforce the aneurysm against rupture. The implants are
intended to embolize the blood inside the aneurysm in order to diminish additional blood
flow into the aneurysm. Eventually the embolization completely closes the aneurysm to
further flow of blood into the ancurysm. For a more detailed description of embolic coils and
related methods, see commonly owned U.S. Patent Application No. 12/498,752 and No.
12/695,035.

[010] In some cases, there is a significant risk of migration of the coils or other implants

out of the aneurysm and into the parent vessel after delivery and deployment (or release or
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detachment) of the coils. This is especially a risk in the case of a “wide neck” aneurysm. (See
FIG. 2D). Migration of a coil or coils into the circulatory system is undesirable and can lead
to occlusion of the parent vessel, other vessels, as well as lead to other unintended effects.
[011]  In such cases, it may be desirable to “bridge” the neck of the aneurysm with a
device prior to the delivery of embolic implants. Such a bridge device may be a generally
tubular structure that is positionable via catheter within the parent vessel, covering the neck
of the aneurysm. Positioning of such a device is typically performed with the assistance of a
guidewire and fluoroscopic visualization. The generally tubular aneurysm bridge is deployed
across the neck of the ancurysm and allowed to expand into contact with the vessel walls.
Embolic coils are then delivered into the aneurysm through voids in the “walls” of the tubular
bridge.

[012] Shortcomings of prior art attempts to bridge the neck of an aneurysm prior to
embolic coil delivery include difficulties with tracking and deployment of the device,
problems resheathing and repositioning the device, entanglement between the coil delivery
catheter and the bridge device, and problems with portions of the device “bulging” into the
ancurysm. Therefore, there remains a need for smooth, kink-free tracking, deployment,
repositioning, and reliable, uniform deployment. There also remains a need for a sufficiently

flexible device having adequate column strength.

BRIEF DESCRIPTION OF THE DRAWINGS

[013] Fig. 1 schematically illustrates an aneurysm in a blood vessel and the
corresponding blood flow.

[014] Fig. 2A-2D illustrate some of the steps of a method of implanting one or more
embolic coils into an aneurysm in a blood vessel.

[015] Figs. 3A-3E illustrate some of the steps of a method of implanting a device to
bridge the neck of an aneurysm and then implanting one or more embolic coils into the
ancurysm.

[016]  Fig. 4A-4G illustrate some of the steps of an alternative method of implanting a
device to bridge the neck of an ancurysm and then implanting one or more embolic coils into
the aneurysm.

[017]  Fig. 5 is a perspective view of a finished device according to the invention, in a
deployed configuration that results when the device is not placed in a vessel prior to

deployment, hereinafter referred to as a “deployed in air”.
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[018] Fig. 6 illustrates a side view of a device according to the invention deployed within
a curved, transparent model vessel.

[019] Fig. 7 illustrates a truncated side elevational view of a device according to the
invention in a deployed in air configuration.

[020] Figs. 7A-7C are cross-sectional end views of the embodiment of Fig. 7 taken along
section lines A, B, and C.

[021]  Fig. 8 is a perspective proximal end view of a finished device according to the
invention in a deployed in air configuration.

[022]  Fig. 9 is a plan view of a cut pattern for manufacture of a device according to the
invention. Although devices according to the invention are preferably cut from tubular
structures, twisted and shape set, Fig. 8 illustrates the cut tube as though it were
longitudinally cut and flattened into a sheet before twisting, so that the pattern features may
be more easily viewed.

[023]  Fig. 10 is a plan view of a cut pattern of an alternative embodiment according to the
invention. Although the bridge devices are preferably tubular structures, cut from a tube,
twisted and shape set, Fig. 9 illustrates the device as though it were longitudinally cut and
flattened into a sheet before it is twisted, so that its features may be more easily viewed.
[024] Fig. 11 is a truncated plan view of an embodiment according to the invention.
Although the bridge devices are preferably tubular structures, Fig. 11 illustrates the device as
though, after shape setting to include a right hand twist, it were longitudinally cut and
unrolled so that its features are more easily viewed.

[025] Figs. 11A-11B are enlarged views of Details A and B of Fig. 10.

[026] Fig. 12 is a side elevation, partial cross sectional view of the distal end of a pusher
catheter according to the invention, shown within a vessel and with the proximal end an
aneurysm bridge device according to the invention mounted thereon.

[027]  Fig. 13 is a perspective view of a pusher tip according to the invention.

[028] Fig. 14 is a perspective view of an alternative embodiment of the pusher tip of Fig.
11.

DETAILED DESCRIPTION OF THE DRAWINGS
[029] Illustrative embodiments of the invention are described below. In the interest of
clarity, not all features of an actual implementation are described in this specification. It will

of course be appreciated that in the development of any such actual embodiment, numerous
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implementation-specific decisions must be made to achieve the developers’ specific goals,
such as compliance with system-related and business-related constraints, which will vary
from one implementation to another. Moreover, it will be appreciated that such a
development effort might be complex and time-consuming, but would nevertheless be routine
undertaking for those of ordinary skill in the art having the benefit of this disclosure. The
aneurysm occlusion system disclosed herein boasts a variety of inventive features and
components that warrant patent protection, both individually and in combination.

[030] In FIG. 3A, a system for bridging the neck of an aneurysm before delivering
embolics to the ancurysm is illustrated during a step of a method according to the invention.
(An alternative exemplary method is discussed below in relation to a description of FIGS.
4A-4G.) FIG. 3A illustrates a system after the step of positioning the system in a vessel V
having aneurysm A. The aneurysm bridge device and accompanying delivery system include
aneurysm bridge device 1, sheath 2 and pusher 5. A guide wire (not pictured) may also be
utilized in the step of positioning the system in a vessel. Aneurysm bridge device is a
generally tubular device capable of being retained in a reduced profile delivery configuration.
The aneurysm bridge device 1 is proportioned to be implanted within the cerebral vasculature
including, but not limited to, the Internal Carotid Artery, External Carotid Artery, Vertebral
Artery, Basilar Artery, Middle Cerebral Artery, Anterior Cerebral Artery, and the Posterior
Cerebral Artery.

[031] Generally speaking, aneurysm bridge device 1 is a tubular device having central
lumen 6. It is retained in a reduced profile delivery configuration by sheath 2, and it is
capable of expanding into contact with the vessel walls when released or deployed to a larger
diameter configuration. Preferred devices 1 are expandable to an outer diameter in the range
of 2.0mm-6.0mm. The user may be provided with a set of multiple ancurysm bridge devices
of different diameters and different lengths so that the device with the most appropriate
dimensions may be chosen for the procedure.

[032] Suitable materials for device 1 include shape memory materials including
superelastic Nitinol or shape memory polymers, or other materials such as stainless steel,
composite materials, or combinations of metals and polymeric materials. In a preferred
embodiment, the aneurysm bridge device 1 may be formed by laser cutting features into a
length of superelastic Nitinol tubing, then chemically processing and shape-setting the

material one or more time using methods known to those skilled in the art. The device may
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then be chilled to below its shape memory transition temperature and loaded onto pusher 5
and retained by sheath 2.

[033] In the example of a method according to the invention illustrated beginning in FIG.
3A, proximal end 3 of aneurysm bridge device 1 is disposed upon the distal end 4 of pusher 5
while being retained by sheath 2. Sheath 2 is an elongate tubular catheter preferably formed
of a polymeric material such as Pebax nylon, urethane, PTFE, Polyimide, metals such as
Stainless Steel, Platinum, etc., or other suitable material. A central lumen extends the length
of sheath 2. The sheath is proportioned for passage through cerebral vasculature, and may
have an outer diameter in the range of Imm-3mm.

[034] Pusher 5 is an elongate tubular member having optional lumen 7. The pusher may
be formed of suitable polymers, metals, and/or composite materials. Distal end or tip 4 of
pusher 5, which is described in greater detail below in a description of FIGS 11-14, includes
apertures 8. When loaded onto distal tip 4, device 1 is threaded over pusher 5, and positioned
so that bumps 9 of its proximal end 3 are aligned with, or inserted into, apertures 8. Bumps 9
may alternatively be projections, tabs, posts, clips, or any structures, preferably male, that are
suitable for engaging apertures 8. Similarly, apertures 8 may alternatively be pockets, holes,
hollows, grooves, or any structures, preferably female, for receiving bumps 9. Sheath 2
retains bumps 9 in engagement with apertures 8 as it retains aneurysm bridge device 1 in a
reduced profile configuration. Device 1 remains in the reduced profile configuration during
tracking of the device under fluoroscopic visualization to a treatment site within the
vasculature of a subject.

[035]  After positioning aneurysm bridge 1 across the opening of ancurysm A, the device
is then deployed and either temporarily or permanently implanted in the vessel. As illustrated
beginning with FIGS. 3B, in order to deploy ancurysm bridge 1, sheath 2 is withdrawn
proximally to permit the device 1 to expand to its unconstrained configuration into contact
with the inner walls of the parent vessel V. When sheath 2 is completely withdrawn from the
length of bridge device 1, device 1 expands to a deployed diameter, as illustrated in FIG. 3C.
Also, when sheath 2 is withdrawn from along the length of device 1, bumps 9 are no longer
retained in apertures 8. Pusher 5 may then be withdrawn from the vessel V. Alternatively,
pusher 5 may be left positioned in vessel V, and central lumen 7 may be utilized as a conduit
or passage in a subsequent step. Further, if the user wishes to reposition device 1, sheath 2
can be advanced distally in order to resheath device 1. The steps of positioning and deploying

device 1 described above can then be repeated.
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[036]  Voids in the walls of the tubular device 1 permit the catheter-based delivery of
embolic coils through the walls and into the ancurysm. (Alternatively, embolic coils may be
implanted according to a method in which the coils are not delivered through the voids in the
wall of device 1, as described in greater detail below.) As illustrated in FIG. 3D, delivery
catheter D may be positioned within vessel V (and/or alternatively within pusher lumen 7).
Embolics including one or more embolic coils may then be delivered to the aneurysm, in
much the same manner as described above in relation to FIGS. 2A-2C, except that they are
delivered through the voids in the “walls” of the bridge 1. The position of the device 1 across
the neck of the aneurysm prevents the unintended escape of embolic materials out of the
aneurysm and into the parent vessel following the conclusion of the procedure (See FIG. 3E).
The device remains in place in the parent vessel across the anecurysm neck during the delivery
of coils, thereafter, and if desired, permanently.

[037] Turning now to an alternative method according to the invention, FIGS. 4A-4G
illustrate exemplary steps according to the alternative method. In the steps illustrated in
FIGS. 4A-4G, the aneurysm bridge 1 described above in relation to FIGS 3A-3E is again
utilized, but according to a somewhat different method than that described in the foregoing
paragraphs. FIG. 4A illustrates an early step according to the invention following the
introduction of delivery catheter D into a vessel V having aneurysm A. One or more embolic
coils, in the clongate configuration, is constrained by and carried within delivery catheter D.
The distal end of delivery catheter D is positioned proximate aneurysm A.

[038]  Following positioning of delivery catheter D proximate aneurysm A, the aneurysm
bridge device 1 and accompanying delivery system are introduced into the vessel V and
positioned proximate aneurysm A, generally as illustrated in FIG. 4B. In addition to
ancurysm bridge device 1, the delivery system includes sheath 2 that was illustrated and
discussed above. Sheath 2 retains aneurysm bridge device 1 in a reduced profiled
configuration. Device 1 is capable of expanding into contact with the vessel walls, or released
or deployed to a larger diameter configuration, when sheath 2 is withdrawn.

[039]  There are many similaritics between the delivery system illustrated in FIG. 3B and
FIG. 4B. However, the system illustrated in FIG. 4B includes alternative pusher 14. Pusher
14 may be formed of suitable polymers, metals, and/or composite materials. Pusher 14 may
include any of the materials and dimensions of pusher 5 described above, but pusher 14 does
not include a central lumen. A guide wire (not pictured) may also be utilized in the step of

positioning the system in a vessel.
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[040]  Prior to introduction into vessel V, the proximal end 3 of ancurysm bridge device 1
is disposed upon the distal end of pusher 14. Exemplary distal tips of pusher 14 are described
in greater detail below in a description of FIGS 11-14. Distal tip 4 again includes apertures 8.
When loaded onto distal tip 4, device 1 is threaded over pusher 14, and positioned so that
bumps 9 of its proximal end 3 are aligned with, or inserted into, apertures 8. Bumps 9 may
alternatively be projections, tabs, posts, clips, or any structures, preferably male, that are
suitable for engaging apertures 8. Similarly, apertures 8 may alternatively be pockets, holes,
hollows, grooves, or any structures, preferably female, for receiving bumps 9. Sheath 2
retains bumps 9 in engagement with apertures 8 as it retains aneurysm bridge device 1 in a
reduced profile configuration. Device 1 remains in the reduced profile configuration during
tracking of the device under fluoroscopic visualization to a treatment site within the
vasculature of a subject.

[041]  After positioning aneurysm bridge 1 across the opening of aneurysm A, and
proximate the distal end of delivery catheter D, the device is then deployed. As illustrated
beginning with FIGS. 4C, in order to deploy aneurysm bridge 1, sheath 2 is withdrawn
proximally to permit the device 1 to expand to its unconstrained configuration into contact
with the inner walls of the parent vessel V. When sheath 2 is completely withdrawn from the
length of bridge device 1, device 1 expands to a deployed diameter, as illustrated in FIG. 4D.
If the user wishes to reposition device 1, sheath 2 can be advanced distally in order to
resheath device 1. The steps of positioning and deploying device 1 described above can then
be repeated. Pusher 5 may then be either withdrawn from the vessel V or may be left
positioned in vessel V. As illustrated in FIGS. 4C and 4D, delivery catheter D remains in
place proximate the aneurysm during the steps of the method described herein.

[042]  As illustrated in FIG. 4E-4F, one or more embolic coils (or other embolic material)
may then be delivered to the aneurysm, in much the same manner as described above, except
that they are delivered directly into the aneurysm, instead of through the voids in the “walls”
of the bridge 1. The position of the device 1 across the neck of the aneurysm prevents the
unintended escape of embolic materials out of the aneurysm and into the parent vessel
following the conclusion of the procedure (See FIG. 4G). The device remains in place in the
parent vessel across the aneurysm neck during the delivery of coils, thereafter, and if desired,
permanently.

[043] Details of an aneurysm bridge device according to the invention are illustrated in

FIG. 5. Aneurysm bridge 10 is illustrated in a deployed “in air” configuration. Aneurysm
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bridge 10 is a more or less tubular device capable of being retained in a constrained form or
shape prior to deployment, and then expanded (or permitted to expand) into contact with the
walls of a vessel when deployed. Consequently, it may be positioned and delivered using a
variety of methods similar to those summarized above in conjunction with the description of
Figs. 3A-4G. As described in detail below, aneurysm bridge 10 has many advantages over
prior art devices for improved delivery, deployment, retraction, repositioning, and
redeployment .

[044]  Anecurysm bridge 10 may be constructed from any number of compositions having
suitable biocompatibility and strength characteristics. In the embodiment illustrated in Fig. 5,
aneurysm bridge 10 is constructed from Nitinol® with “shape memory” or superelastic
characteristics to optimize self expansion of the device upon deployment. Aneurysm bridge
10 is constructed by cutting features into a Nitinol tube. For example, a tube of 3.5mm outer
diameter and .005 inch thickness may be cut in a predetermined pattern of bands, struts,
and/or connectors. Examples of suitable patterns are illustrated below in FIGS. 9 and 10,
though variations on the patterns are within the scope of the invention. After the features are
cut into the tube, the tube is twisted and shape set. It has been found that a helical
arrangement resulting from the twist helps the deployed device conform to the vessel walls,
and it also improves the ability of the device to resist kinking.

[045]  An aneurysm bridge according to the invention may be dimensioned in any number
of suitable sizes and lengths, depending upon the location of the aneurysm, variances in
patient anatomy, and the size and shape of the aneurysm. Aneurysm bridge 10 of FIG. 5 in its
expanded configuration is approximately 2.0-6.0 mm at its maximum outer diameter, and
between 10-45 mm in length. Aneurysm bridge 10 can be described while viewing FIG. 5
from left to right, with its proximal end 15 on the left side of the figure, its distal end 18 on
the right, and a central region 11 disposed therebetween. As described in greater detail below
in conjunction with a description of FIGS. 7-7C, generally tubular aneurysm bridge 10 has a
generally ovular shaped cross section at its proximal end 15 and its distal end 18 when it is
deployed in air. It is however generally circular in cross section throughout most of its
central region 11. When bridge 10 is deployed in a vessel, it generally takes the shape and
cross section of the vessel.

[046] In FIG. 5, two standards 20 and 22 can be seen extending in a helical fashion from
proximal end 15 to distal end 18, more or less the entire length of tubular element 10, though

alternative embodiments may have a greater number of standards. The helical array of
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ancurysm bridge 10 may be imparted to a cut tube by grasping standards 20 and 22 and
applying a circumferential twist. (The extent of circumferential twist can be characterized in
terms of the resulting angle of standards 20 and 22 to the longitudinal axis of device 10, and
is illustrated in FIG. 7 below). Standards 20 and 22 have a width in the range of 0.0020-
0.0050 inch, preferably between 0.0030-0.0045 inch, and impart axial and columnar strength
upon anecurysm bridge 10. The standards may also be used to provide axial force to the device
if it is necessary to reposition the device after partial deployment within the vessel as
discussed above. Standards 20 and 22 may further be equipped with features to facilitate
loading of the finished device 10 into a sheath.

[047] Standard 22 defines a portion of first helical spine 25. First helical spine 25 extends
in a helical fashion along the length of ancurysm bridge 10 from proximal end 15 to distal
end 18 as a result of the circumferential twist applied to standards 20 and 22. Similarly,
standard 22 defines a portion of second helical spine 27. Second helical spine 27 extends in a
helical fashion from proximal end 15 to distal end 18 of ancurysm bridge 10. First helical
spine 25 and second helical spine 27 impart columnar strength and uniform, reduced size gap
spacing along the length of the device 10. The specific features that define first helical spine
25 and second helical spine 27 will be described in detail in relation to FIGS. 8 and 9, in
which the features are more easily viewed.

[048] Among the advantages of the invention herein are its superior, kink-resistant,
reversible trackability and reversible deployability within tortuous vasculature. In order to
illustrate the superior tracking and reliable deployment of the system, device 10 is shown
deployed within a transparent vessel model 30 in FIG. 6. Transparent model vessel 30 has a
curved configuration and model aneurysm 34 located on the “outer” side of curve 36. Device
10 was tracked through curve 36 and across the neck of ancurysm 34. Aneurysm bridge 10
was permitted to expand radially outwardly to closely meet the walls of the vessel model.
And despite the curved configuration of the vessel model, aneurysm bridge device readily
deploys to contact the walls of the lumen. Moreover, when deployed in a curved vessel, the
features of device 10, (which are described more specifically below in conjunction with a
discussion of FIG. 9) are disposed in a uniform, orderly configuration. No portion of
aneurysm bridge device 10 bulges or protrudes into aneurysm 34. Consequently, aneurysm
bridge device 10 can be repositioned and redeployed readily if needed, or withdrawn

completely from the vessel. And aneurysm bridge device 10 provides orderly gaps between
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struts or bands through which occlusion coils (not pictured) may be both delivered to
ancurysm 34 and prevented from escape therefrom.

[049] FIG. 7 illustrates other aspects of aneurysm bridge 10 from a truncated side
clevational view. Firstly, the twist angle mentioned above in relation to FIG. 5 is more casily
viewed in FIG. 7. Twist angle a is illustrated as the angle between standard 20 and
longitudinal axis x of device 10. Twist angle a is between 15° and 40°, and preferably
between 20° and 35°, in either a clockwise or a counterclockwise direction. A particular twist
angle may be imparted on device 10 after pattern features illustrated in FIGS. 9 and 10 below
are cut into a Nitinol tube.

[050]  FIGS. 7A-7C illustrate cross sectional shapes of device 10 (when it is deployed in
air), along lines A, B and C of FIG. 7 above. Fig 7A illustrates the cross section of proximal
end 15 at Detail A. At proximal end 15 of aneurysm bridge 10, standard 20 is generally
opposite standard 22. Fig. 7B illustrates the cross section of central region 11 at Detail B.
And Fig. 7C illustrates the cross section of ancurysm bridge 10 at detail C. At distal end 18,
standards 20 and 22 intersect one another along a wall of aneurysm bridge 10. Apexes 24 are
disposed opposite one another, at the narrowest portions of the oval. Central lumen 28, which
extends the length of tubular element 10, is consequently ovular in cross section at the
proximal and distal ends of ancurysm bridge 10, and circular in cross section in the central
region of the device.

[051] FIG. 8 illustrates aneurysm bridge 10 from a perspective view of proximal end 15,
revealing central lumen 28. (For clarity, the portion of bridge 10 on the “back side” of lumen
28 is illustrated merely by dotted helical lines.) Distal end 18 is essentially facing away from
the viewer in FIG. 8. Bridge 10 is again shown deployed in air, and proximal end 15 has a
generally ovular cross section. At proximal end 15, the proximal-most ends of standards 20
and 22 lie essentially opposite one another, along the narrowest portions of the oval.

[052]  FIG. 9 illustrates an example of a cut pattern used to make a device according to the
invention. Although an aneurysm bridge according to the invention is a generally tubular
device shape set into a twisted configuration, FIG. 9 illustrates the device as though, before
being shape set into a twist, it has been cut along its length and laid flat so that its features
may be more easily viewed. Cut pattern 50 has a proximal end 52 and a distal end 53. Cut
pattern 50 also has standards 55 and 57. Standard 55 and standard 57 have a similar set of
features arrayed in a repeating pattern. For ease of reference, these features will be described

especially in relation to standard 55, though standard 57 is also oriented to bands, struts or
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connectors having generally the same features. Extending laterally or diagonally from
standard 55 is a plurality of bands 60. Bands 60 have strut widths in the range of 0.00050-
0.00150 inch, and preferably between 0.00060-0.00120 inch. Bands 60 in turn extend to
define S-connectors 65. Standard 55, bands 60 and S-connectors 65 define a first spine 68.
Second spine 69 is defined by the corresponding features in conjunction with standard 57. In
the cut pattern 50, spines 68 and 69 are generally straight. In a finished device, however, a
circumferential twist will be shape set into the device, placing spines 68 and 69 in a helical
configuration.

[053] Connected to the other ends of S-connectors 65 are bands referred to as V-struts 70.
Each V-strut 70 includes a short leg 71, a long leg 72, and an apex 73 therebetween. Apexes
73 are disposed pointing toward distal end 53. Though other geometries are possible within
the scope of the invention, the resulting lattice of first spine 68, V-struts 70, second spine 69
and V-struts 74 will define the skeletal “walls” of the generally tubular aneurysm bridge and
the shape and size of voids within the walls.

[054]  The function of S-connectors 65 can be described as limiting the expansion between
bands 60. The expansion limiting function can most easily be viewed in FIG. 6. Aneurysm
bridge 10, deployed in curved model vessel 30, has bands 12 and S-connectors 13. The
tighter spacing between bands 12 is illustrated in comparison to the wider spacing of V-struts
19. S-connectors 13 tighten the gaps in the walls of the device, effectively reducing the size
of gaps 26 by roughly half, thereby providing a barrier to coils that may be implanted into
ancurysm 34. S-connectors 13 also prevent bands 12 and V-struts 19 from “poking” or
protruding into aneurysm 34, an important advantage if the device must be repositioned,
especially when the aneurysm is disposed in a curved vessel, as in the example of FIG. 6.
The closely spaced and generally uniform array imparted by S-connectors 13 is imparted
along the length of first helical spine 25 (and second helical spine 27, which is not visible in
FIG. 5), and consequently along the length of aneurysm bridge 10.

[055] The function of V-struts 19 can be characterized as maximizing the flexibility of the
device 10. The flexibility imparted by V-struts 19 is very important for accommodating the
flexure of the device both prior to deployment and over the life of the device. Prior to
deployment of the device, most of the stress imparted on the device occurs during crimping
down and loading the device into a sheath, and then tracking the crimped device through
tortuous vasculature while crimped down and sheathed. Following deployment of the device

within the vessel, most of the stress imparted on the device is a result of the ongoing, long

12

Penumbra, Inc., Ex. 1031, Page 237 of 776
Penumbra, Inc. v. RapidPulse, Inc.



WO 2013/184595 PCT/US2013/043931

term expansion and contraction due to pulsation of the vessel. In both configurations, the
majority of the stress on the device is absorbed by the V-struts 19. It is desirable for the
device to be able to flex at the “V”’; otherwise the stress may break the device, or deform the
device beyond its ability to recover, or otherwise cause the device to fail.

[056] The specific structures of bands 12, S-connectors 13 and V-struts 19 of FIGS. 5-8
are similar to the corresponding features of FIGS. 9 and 10, but can be most easily viewed in
FIG. 10. FIG. 10 illustrates an alternative embodiment according to the invention. Similar to
FIG. 9, it illustrates a cut pattern of a generally tubular device as though it were cut along the
length of the tube before the tube has been shape set, and laid flat so that the features of the
pattern may be more easily viewed. Cut pattern 90 has proximal end 92, distal end 93, and
standards 95 and 97. Cut pattern 90 has a lesser number of bands 100 than does cut pattern
50 described above. Cut pattern 90 has a correspondingly fewer number of S-connectors 105
and V-struts 110. Cut pattern 90 accordingly will form a shorter length device than cut
pattern 50.

[057] An important similarity between the embodiment of FIG. 10 and other embodiments
is that S-connectors 105 perform the same gap-limiting function without sacrificing needed
flexibility. In order to perform this function, S-connectors 105 are disposed between bands
100 and V-struts 110, and specifically very near apexes 112 of V-struts 110. V-struts 110
consequently have a short leg 114 and a long leg 116. S-connectors 110 thereby maintain
close spacing between bands 100, while permitting flexure of apexes 112. Because most of
the stress during flexure of the device made from cut pattern 90 is absorbed by apexes 112, it
is important that the S-connector not completely prevent flexure of apexes 112. The
positioning of S-connectors illustrated in FIG. 9 help define first spine 94 and second spine
96, yet permit flexure of V-struts 110. Apexes 112 additionally point in the direction of distal
end 93, facilitating resheathing of the device if needed.

[058]  FIG. 11 illustrates a truncated view of a cut pattern to which a right hand twist has
been applied. Cut pattern 130 is illustrated as though a twisted tubular ancurysm bridge
according to the invention were cut along its axis and unrolled to better display its features.
More casily viewed in FIG. 11A, Detail A, taken from a distal portion of cut pattern 130 of
Fig. 11, reveals the structure of bands 150, S-connectors 155, and V-struts 160. Also visible
in Fig. 11A is marker 165, which is disposed on the distal end of standard 170. The distal
extension 175 of standard 170 is between 0.0200-0.110 inch, and preferably between 0.0300
and 0.1050 inch in length.
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[059] FIG. 11B is an enlarged view of Detail B, taken from a proximal region of Fig. 11,
to better illustrate some of its features. Again S-connectors 155 are visible, as are V-struts
160, and standard 170. Affixed near the proximal end of standard 170 is bump 180 (shown
from a top view of bump 180). As mentioned above, bump 180 is useful in loading a finished
device on the distal end of a pusher prior to retaining the device with a sheath (see FIGS. 3A-
30).

[060] See also FIG. 12, showing an enlarged schematic illustration of a device 200
according to the invention mounted on a pusher and retained by a sheath. Proximal end 201
of ancurysm bridge 200 is shown mounted on the distal end of a pusher 202. Bumps 205 are
seen in engagement with apertures 210. Sheath 215 retains aneurysm bridge 200 in its
reduced profile delivery configuration, and consequently keeps bumps 205 in engagement
with apertures 210 until either proximal withdrawal of sheath 215, or until pusher 202 pushes
the device out of the end of sheath 215.

[061]  FIG. 13 is a perspective view of a pusher tip 300 that is not affixed to the distal end
of a pusher. Pusher tip 300 has a central lumen 305, and three apertures 310. A greater or
lesser number of apertures are within the scope of the invention. Similar to the apertures
described in relation to FIGS. 10-11 above, apertures 310 permit the engagement of bumps
on the proximal end of an aneurysm bridge device. Legs 315 and eyelets 317 permit the
attachment of pusher tip 300 onto the distal end of a pusher.

[062] FIG. 13is a perspective view of an alternative embodiment of a pusher tip according
to the invention. Pusher tip 400 has central lumen 405 and two apertures 410 which can
accommodate bumps on the proximal end of an aneurysm bridge device, to enhance retention
of the device on the distal end of a pusher until deployment of the device at a desired time.
Legs 415 and eyelets 417 enhance attachment of pusher tip 400 on the distal end of a pusher.
[063] It should be recognized that a number of variations of the above-identified
embodiments will be obvious to one of ordinary skill in the art in view of the foregoing
description. Accordingly, the invention is not to be limited to those specific embodiments and
methods of the present invention illustrated and described herein. Rather, the scope of the

invention is to be defined by the claims and their equivalents.
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WHAT IS CLAIMED IS:

1. An intravascular device comprising;:

a tubular element that is radially expandable from a compressed position to an
expanded position, said tubular element comprising a wall, a proximal end, a distal end and a
central portion therebetween;

the tubular element further comprising at least two elongate standards
extending in a helical fashion along the wall from the proximal end to the distal end when the
tubular element is in the expanded position; and

the tubular element further comprising a first plurality of bands including at
least one end connected to a first elongate standard, wherein the first elongate standard and
the first plurality of bands together define a first helical spine, and a second plurality of bands
including at least one end connected to a second elongate standard, wherein the second
clongate standard and the second plurality of bands together define a second helical spine.

2. The intravascular device according to claim 1 wherein at the proximal
end, a first standard is disposed along a first side of the wall, and a second standard is
disposed along an opposing side of the wall, and near the distal end, the first standard
crisscrosses the second standard.

3. The intravascular device according to claim 1 wherein said tubular
element comprises a generally oval cross section near said proximal end and said distal end,
and a generally circular cross section near said central portion.

4. The intravascular device according to claim 1 wherein said bands
comprise a V-shape.

5. The intravascular device according to claim 4 wherein said V-shaped
bands further comprise S-shaped connecting members.

6. The intravascular device according to claim 5 wherein said V-shaped
bands comprise apexes and said S-shaped connecting members are disposed near said apexes,
but not upon said apexes.

7. The intravascular device according to claim 1 wherein said tubular
element is cut from a length of tubing comprising shape memory material according to a
pattern, and wherein in said pattern, the elongate standards extend parallel to one another

from the proximal end to the distal end.
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8. The intravascular device according to claim 1 wherein said tubular
clement has a longitudinal axis and at the least two clongate standards are oriented in
opposite directions at angles of between 15° and 45° to said longitudinal axis when said
tubular element is in said expanded position.

9. The intravascular device according to claim 1 wherein in addition to
said first and second helical spines, said wall is defined by said bands.

10. The intravascular device according to claim 1 wherein said device
comprises only two elongate standards.

11. A system for treatment of intracranial ancurysm comprising:

a device for bridging the neck of an aneurysm of a cerebral vessel, said device
comprising a tubular element including a plurality of standards, a plurality of bands
connected to the standards, a longitudinal axis, a reduced-profile delivery configuration and a
deployed configuration, wherein said standards are oriented at an angle to said longitudinal
axis when said tubular element is in said deployed configuration so that the standards and the
bands together define a plurality of helical spines;

an introducer for introducing said tubular element into a vessel; and

a delivery device for delivering embolic material into the aneurysm.

12. The system according to claim 11 wherein said angle is between 15°
and 45°.

13. The system of claim 11 wherein the bands further comprise one or
more S-shaped connectors.

14. The system of claim 11 wherein said standards comprise a width of
between .0020 inch and .0050 inch.

15. The system of claim 11 wherein said tubular element comprises shape
memory material and reversibly converts between said delivery configuration and said
deployed configuration.

16. The system of claim 11 wherein said system further comprises a
sheath, whereby said tubular element is retained in said low profile delivery configuration,
and wherein withdrawal of said sheath permits said tubular element to convert to its deployed
configuration.

17. The system of claim 16 wherein said tubular element can be returned

to its delivery configuration within said sheath.

16

Penumbra, Inc., Ex. 1031, Page 241 of 776
Penumbra, Inc. v. RapidPulse, Inc.



WO 2013/184595 PCT/US2013/043931

18. The system of claim 11 wherein said system further comprises a
sheath, and said tubular element can be withdrawn into said sheath via said introducer.

19. The system of claim 11, the introducer further comprising a tip
comprising a central lumen, one or more legs, and at least one aperture.

20. The system according to claim 19 wherein said first and second
standards further comprises at least one bump configured to engage the at least one aperture.

21. A method of manufacture of an intravascular device, said method
comprising the steps of:

providing a tube comprising one or more shape memory materials, a
longitudinal axis, a proximal end and a distal end;

cutting the tube according to a predetermined pattern, wherein the
predetermined pattern defines at least two parallel elongate standards;

applying a circumferential twist to the cut tube to orient the elongate elements
at an angle to said longitudinal axis; and

applying a shape memory set to the twisted cut tube.

22. The method according to claim 21 wherein said shape memory
material is nitinol.

23. The method according to claim 21 wherein said predetermined pattern
defines only two parallel elongate standards.

24. The method according to claim 21 wherein said predetermined pattern
further defines a plurality of V-shaped bands having at least one end connected to an elongate
standard.

25. The method according to claim 24 wherein said V-shaped bands
comprise apexes and S-shaped connectors, wherein said S-connectors are disposed near, but
not upon, said apexes.

26. The method according to claim 21 wherein the step of applying a
circumferential twist to the cut tube is performed so that at least one of the clongate standards
crisscrosses a second clongate standard at the distal end.

27. The method according to claim 21 wherein said angle is between 15°
and 45°.

28. A method of treating an aneurysm located in a blood vessel of a

subject, the method comprising the steps of:
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introducing an clongate tubular delivery device into the blood vessel and
proximate the aneurysm, the delivery device suitable for delivery of embolic material;

introducing a tubular element for bridging the neck of the aneurysm, the
tubular element being radially expandable from a compressed position to an expanded
position, having a proximal end, a distal end, and a longitudinal axis, and at least two
elongate standards and a plurality of bands attached thereto, the elongate standards arranged
helically about the longitudinal axis from the proximal end to the distal end when the tubular
element is in the expanded position, the elongate standards and bands together forming a first
helical spine and a second helical spine;

bridging a neck of the ancurysm with the tubular element;

permitting the expandable tubular element to expand;

delivering one or more embolic materials to the aneurysm; and

withdrawing the tubular delivery device.
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(57) Abstract: Dynamic aspiration, such as in aspiration thrombectomy, provides a changing negative pressure in a catheter such
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Devices for providing dynamic aspiration may be used with existing catheter-pump systems which currently deliver only static aspir -
ation. A dynamic suction force exerted on a thrombus may induce material fatigue and thereby reduce the clot's load-to-failure and
time-to-failure as compared to existing suction thrombectomy techniques.
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DYNAMIC ASPIRATION METHODS AND SYSTEMS

DESCRIPTION

Field of the Invention

This application generally relates to aspiration methods and systems which allow for
dynamically changing suction pressure over time. Certain embodiments of the systems and
methods have particular application to surgical procedures including, without limitation,
aspiration embolectomy procedures and thrombectomy procedures for improving, for example,

ischemic stroke treatment,

BACKGROUND

Ischemic stroke is a very serious condition in which the normal flow of blood is partially
or completely blocked by an occluding element, resulting in a reduction in blood flow, oxygen
delivery, nutrient delivery, and waste exchange in the downstream tissue bed. This is most
commonly a clot. It is generally necessary to remove the occluding element as quickly as
possible in order to re-establish blood flow to the affected area or areas of the body. Current
methods of removing occluding elements focus on applying endovascular disruptive forces. This
can involve administration of thrombolytic drugs, mechanical occlusion retrieval, and occlusion
removal via intravascular aspiration (suction). Thrombolytic drugs are typically not effective
after a predefined window usually defined as 2-3 hours after symptoms arise from an occlusion.
Mechanical retrieval usually involves a deployable mesh-like grid such as a stent retriever and is
often complicated and dangerous to perform. Aspiration thrombectomy is generally an effective
and commeon treatment for removing an occluding element within the body, especially in the
case of ischemic stroke. Traditional aspiration thrombectomy procedures involve application of a
constant negative pressure (suction) by either a pump or large gauge syringe to facilitate removal
of the occlusion with a catheter. Flow arrest may also be performed using a proximal balloon.
However, under conditions such as a strong integration of an occlusion with a vessel wall, such

conventional aspiration techniques are unsuccessful, The best thrombectomy technology
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currently only achieves recanalization in approximately 85% of cases. As such, there exists a
need for improved techniques for the removal of occlusions and, more particularly,
improvements to aspiration thrombectomy.

U.S. Patent Application Publication No. 2013/0267891 teaches a thrombectomy catheter
system directed to cutting an occluding element with a fluid jet. Fluid is supplied to the catheter
by a source of infusion fluid and a source of positive pressure. The fluid jet is directed into an
exhaust lumen to create a suction effect and carry fluid away from the catheter. The suction
effect of the fluid jet is intended to draw in occlusive material which may then be cut and
removed by the high pressure stream. The catheter tip may be inserted into or through an
occlusion to position occlusive material in proximity of the fluid jet. The fluid jet itseif may have
a variable positive pressure as provided for by a control device which regulates the flow of
infusion fluid into the catheter. Suction, as discussed, is achieved passively by the direction of
the fluid jet into the exhaust lumen of the catheter. This particular type of design places the fluid
jet/aspiration portal in a position that is tangential to the clot or even within the clot itself,
resulting in the application of non-uniform forces across the face of the clot.

Ultrasound augmented fibrinolysis delivers ultrasonic oscillations transcranially or via a
solid medium of a catheter (usually a metal tip) to increase the penetration of fibrinolytic agents
into a clot with the intention of breaking up the clot and permitting the occlusive material to flow
distally. Benefits of ultrasound augmented fibrinolysis, however, may not outweigh the increased

risk of hemorrhage.

SUMMARY

Embodiments of the invention improves aspiration, especially as used in embolectomy or
thrombectomy applications, by providing a dynamic suction force as opposed to a static suction
force traditional to aspiration thrombectomy. This can provide improved disruption
characteristics. Dynamic suction forces, in contrast to static suction forces, provide repetitive
loading to induce material fatigue in an embolus. Subjecting clots to material fatigue via a
dynamic aspiration profile (e.g. a cyclic aspiration profile) may reduce the clot’s load-to-failure
and time-to-failure as compared to existing suction thrombeciomy techniques. This has several

advantages, notably: the load applied to cause the clot to fail (fracture or break loose) is applied
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in several repetitive loading cycles. The forces applied during any one of these repetitive cycles
may be far less than the force necessary to cause the clot to break loose. The additive effect of
these repetitive loading cycles causes the clot to fracture and break loose so that it can be
removed, This mechanism of failure is commonly referred to as fatigue failure. An everyday
example of fatigue failure is observed when a paper clip is repeatedly folded back and forth, and
after several cycles the clip easily breaks. While the total load necessary to break a clot free
remains constant, when using an exemplary embodiment loading may be applied in smaller
incremental steps, and it is the additive effect of these smaller incremental steps resulting in the
fatigue of the clot and breaking the clot free from the vessel wall. By applying the load in small
incremental “doses” the risk of damage to the surrounding blood vessel is reduced. In existing
conventional devices, the suction forces necessary to break a clot free are essentially applied in a
“single dose”. Embodiments of the present invention are designed to circumvent this “all or
nothing” loading limitation of conventional suction devices and reduce the risk of damage to the
surrounding tissues by exploiting fracture mechanics to induce the release of the clot from the
surrounding vessel wall. The use of repetitive loading cycles also provides the benefit of
removing a greater percentage of clots, including those which are particularly entrenched. A
reduction in time-to-failure provides the benefit of reducing the elapsed time to reperfusion of
the occluded tissue. Generally, dynamic aspiration shows an improvement in overall clot
clearance rate and clot clearance time. By using a catheter that places the suction forces *face
on” to the occluding clot a larger surface area of the clot can be engaged than with suction
devices that use a tangential approach. This improves the efficiency and efficacy of the process
of applying the repetitive loading forces to the clot. Negative pressure and negative pressure
oscillations are delivered by a fluid medium which may be, for example, one or more liquids,
gases, or a combination thereof.

According to one embodiment, an appliance for aspiration control is provided which
includes a conduit and a chamber. The conduit has a first end connectable to be in fluid
communication with a catheter and a second end connectable to be in fluid communication with
a source of suction such that fluid of a first pressure from the source of suction extends through
the appliance from second end to the first end. The chamber is connected to the conduit between
the first end and the second end and is in fluid communication with the conduit. An opening or

hole of the chamber may be selectively opened or closed, or enlarged or narrowed. The opening
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permits fluid of a second pressure which may be different from the fluid of the first pressure to
be mixed with the fluid of the first pressure.

According to another embodiment, an appliance for aspiration control may include a first
conduit, a second conduit, and a valve. The first conduit has a first end connectable to be in fiuid
communication with a catheter. The second conduit has a second end connectable to be in fluid
communication with a source of suction such that fluid of a first pressure from the source of
suction extends through the appliance between the second end and the first end. The chamber
may be in fluid communication with and connected to the first conduit and the second conduit. A
valve is arranged in the chamber which is selectively operable to reduce or prevent fluid
communication between the first conduit and the second conduit and displaceable such that a
volume of the chamber between the first end of the first conduit and the valve is selectively
variable.

According to yet another embodiment, a method of aspiration is provided which includes
steps of positioning a distal end of a catheter adjacent an occlusion,exerting a suction force at the
distal end of the catheter with a source of suction in fluid communication with a proximal end of
the catheter, and dynamically varying the suction force with a device in fluid communication
with the catheter and the source of suction by variably opening the device.

According to yet a further embodiment, there is a method of aspiration which includes
steps of positioning a distal end of a catheter adjacent an occlusion, exerting a suction force at
the distal end of the catheter with a source of suction in fluid communication with a proximal
end of the catheter, and dynamically varying the suction force with a device in fluid
communication with the catheter and the source of suction by variably urging a displacement of
a valve in the device such that a volume between the distal end of the catheter and the valve is
selectively variable.

According io still another embodiment, a method of performing an embolectomy may
include steps of positioning a distal end of a catheter adjacent an embolus, providing a negative
pressure in the catheter with an aspiration source, changing the negative pressure repetitively
with an appliance to produce a dynamic suction force at the distal end of the catheter, and
removing at least part of the embolus by aspiration with the catheter. The dynamic suction force

provides repetitive loading to induce material fatigue in the embolus.
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According to yet a further embodiment, an aspiration system may comprise a catheter
insertable into a body, an aspiration source providing a negative pressure in the catheter, and a
device which repetitively changes the negative pressure to produce a dynamic suction force at a

distal end of the catheter.

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1A and 1B are, respectively, a schematic of a conventional aspiration system for
suction thrombectomy and an aspiration profile;

Figures 2A-2C are, respectively, a schematic of an aspiration system for dynamically
varying a suction force, an aspiration profile, and an aspiration method,

Figures 3A-3C are cyclic aspiration profiles;

Figures 4A and 4B show, respectively, another aspiration system with an aspiration
device for dynamically varying a suction force and a stochastic aspiration profile thereof:

Figure 5 shows yet another aspiration system with an aspiration device for dynamically
varying a suction force;

Figure 6 shows an aspiration system with an electromagnetically operated aspiration
device for dynamically varying a suction force;

Figures 7 shows an aspiration system with an aspiration device having an oscillating
spring element;

Figures 8A-8C are aspiration systems with aspiration devices having an oscillating valve
element; and

Figures 9A and 9B are example dynamic aspiration methods;

Figure 10 is a method of performing an embolectomy; and

Figures 11A-11D show catheters usable with all embodiments of the invention.

Penumbra, Inc., Ex. 1031, Page 272 of 776
Penumbra, Inc. v. RapidPulse, Inc.



30

WO 2014/151209 PCT/US2014/025211

-6 -

DETAILED DESCRIPTION

As a matter of terminology, it should be appreciated that a reduction in positive pressure
is equivalent to an increase in negative pressure, and vice versa. As generally used herein,
*pressure” (without an indication of being positive or negative), “negative pressure”, and
“vacuum pressure’” are used interchangeably. “Positive pressure” (with the adjective “positive”
explicitly provided) is the opposite of “pressure”, “negative pressure”, and “vacuum pressure”.
Positive pressure supplies a pushing force. “Negative pressure”, in contrast, supplies a suction
force. However, it should be noted that “pressure-relieving” means a reduction in the magnitude
of either positive pressure or negative pressure. “Pressurizing”, on the hand, means an increase in
the magnitude of either positive pressure or negative pressure. “Magnitude” means the scalar or
absolute value of a parameter,

Furthermore, terms such as “control” and “controlling” do not necessarily imply absolute
control, but rather indicate having an influence or effect that is intended and/or predictable. The
term “dynamic” does not preclude temporary or brief plateaus or temporary intervals of constant
pressure. Rather, over the course of an aspiration procedure (e.g. thrombectomy), the aspiration
profile includes a plurality of deliberate variations in the suction force/pressure (this sometimes
being referred to as a dynamic suction force). These variations may be repetitive, cyclic,
rhythmic, stochastic, or otherwise. A combination of these variation types may also be used
together. The terms “dynamic aspiration” and “dynamic suction” may be used interchangeably
with the term “impact aspiration”. It is noted that “constant pressure”, particularly as used in
describing the prior art, may include incidental perturbations such as caused by adjustments in
the position of a catheter tip relative a thrombus. Such incidental perturbations to an aspiration
profile or suction force do not alone provide sufficient basis for characterization of an aspiration
profile as “dynamic”.

Referring now to the drawings, and in particular Figures 1A and 1B, a schematic
representation of a conventional aspiration system 100 is shown for removal of an occlusion 102
from a biological fumen, for example the lumen of an artery 104. After an incision is made and
the catheter 106 inserted into the lumen, an aspiration source 108 at a distal end of the catheter
106 applies a negative pressure to a fluid within the catheter. A suction force is indicated by

arrow 101. In general, the catheter 106 is placed immediately adjacent the occlusion 102 such
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that the occlusion blocks most or, more typically, the entire distal opening of the catheter 106.
The aspiration source 108, for example a pump or syringe, creates a vacuum condition within the
catheter of increasing negative pressure until a plateau is reached, as shown in the aspiration
profile 150 of Figure 1B. Once a plateau is reached, the occlusion 102 experiences a constant
suction force until, ideally, the occlusion or occlusive elements thereof break free of the arterial
endothelium and are drawn into the catheter.

In some aspiration systems, a catheter or an extending element thereof is used to pierce or
penetrate the occlusion in conjunction with the application of a constant suction force. Although
this approach can in some cases aid in the breakup and removal of the occlusion, it has certain
drawbacks. One very serious risk is the escape and travel of occlusive material from the initial
site of occlusion to a distal portion of the lumen or to another lumen branching therefrom. This is
referred to as the distal migration of thrombi and can result in a new clot.

Referring now to Figure 2A, an aspiration system 200 is shown according to an
embodiment of the invention. The aspiration system 200 generally comprises a catheter 206, a
source of suction 208 (i.e. an aspiration source), and an appliance 210 for affecting the aspiration
profile of the catheter. In contrast to the aspiration system 100 of Figure 1A, an appliance 210 for
aspiration control is provided in fluid communication with both the catheter 206 and the source
of suction 208. Generally, appliance 210 permits alteration of an aspiration profile at the distal
end of the catheter 206 and, more specifically, provides for changing the negative pressure in the
catheter 206 repetitively to produce a dynamic suction force at the distal end of the catheter.
Appliance 210 includes a conduit 212 and a chamber 214 connected to and in fluid
communication with the conduit 212. In the embodiment shown, chamber 214 adjoins the
conduit 212 between a first end 212a and a second end 212b of the conduit 212. The conduit’s
first end 212a is connectable to be in fluid communication with the catheter 206, while the
second end 212b is connectable to be in fluid communication with the source of suction 208. The
connections are such that a fluid of a first pressure from the source of suction 208 extends
through the appliance 210 from the second end 212b through the first end 212a. The suction
force provided by the negative pressure is indicated at arrow 201.

Chamber 214 has one or more openings 216 which permit fluid of a second pressure to be
mixed with the fluid of a first pressure. However, the second fluid is not introduced at a constant

volumetric flow rate but rather influenced according to a changing configuration of appliance
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210 or, more specifically, a changing configuration of the opening 216. An opening 216 may be
selectively opened and closed or enlarged and narrowed, for example. Variables such as
maximum/minimum sizes of the opening 216, a rate of change for enlargement or narrowing of
the opening 216, or the pressure differential between the first fluid and the second fluid may be
selected or changed to achieve a particular dynamic aspiration profile. Repetitive or redundant
variation of these or other variables provides control over the fluid flow (arrow 203) through an
opening 216 and thus the negative pressure and aspiration profile at the distal end of the catheter
206.

An aspiration system 200 may further include a stabilizing balloon 205 or similar
structure near or at the distal end / tip of the catheter 206. After inflation, a balloon 205 stabilizes
the catheter 206 relative the vessel 204 to minimize or eliminate movement of the catheter
resulting from dynamic changes in the suction force. This feature, like other features taught
herein, is shown with aspiration system 200 by way of example and may optionally be included
with other embodiments.

Appliance 210 may include a customized or commercially available valve for regulating
the opening/closing or enlarging/narrowing of an opening 216. The valve may be but is not
limited to a three-way valve available from companies like Clippard Instrument Laboratory Inc.
(Cincinnati, Ohio, USA) or Harvard Apparatus (Holliston, Massachuseits, USA). Other suitable
valves will oceur to skilled persons in the art in view of the teachings herein.

The first fluid and the second fluid may be respectively referred to as first and second
aspiration mediums. The aspiration mediums may be compressible fluids, such as air, or
incompressible fluids such as water or saline. Generally, catheter 206, conduit 212, chamber 214,
and any connecting tubules are primed with aspiration medium. A biofilter 217 may be provided
at a junction of conduit 212 and chamber 214. In some embodiments, the second aspiration fluid
may be provided at a positive pressure.

Figure 2B shows an example aspiration profile 250 according to a repetitive alternation
of opening 216 between an open state and a closed state. A four-pointed star indicates the
opening of opening 216 and six-pointed star indicates a closing of opening 216. In this example,
the second fluid which passes through opening 216 during an open state is of a substantially
constant pressure. This contributes to controlled maximum and minimum negative pressure

equilibriums as indicated at lines 252a and 252b, respectively. Like the first fluid, the second
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fluid may be, for example, ambient air (also referred to simply as “ambient”), water, or saline. A
cycle time and fluctuation behavior of a negative pressure in the catheter 206 may be controlled
and regulated by changing a state of opening 216. Opening 216 may have two or more discrete
states (e.g. fully open and fully closed, such as in the example just described in relation to Figure
2B) or may have a continuously variable state.

Figure 2C is a method 260 of aspiration, reference being made to the aspiration system
200 of Figure 2B for illustrative purposes. At step 261, a distal end of catheter 206 is positioned
adjacent an occlusion 202. At step 262, a suction force is exerted at the distal end of the catheter
206 with a source of suction 208 in fluid communication with the proximal end of the catheter.
At step 263, the suction force is dynamically varied with a device or appliance 210 in fluid
communication with the catheter 206 and the source of suction 208, The dynamic variation is
achieved by variably opening the device at one or more openings 216.

A variety of different profiles and waveforms may be achieved for the dynamic pressure
provided by an aspiration system 200 or other aspiration systems and devices according to
embodiments of the invention. Figures 3A-3C show, respectively, example cyclic aspiration
profiles 310, 320, and 330 with solid black lines. Generally, aspiration may be characterized by
at least a pressure profile and, especially for cyclic aspiration, a frequency profile. Aspiration
pressure may be varied for any frequency in at least two general ways. Down-cycling (DC)
involves a brief pressure-relieving impulse in each cycle. A majority of time may be spent at
maximum treatment pressure. Up-cycling (UC) involves a brief pressurizing impulse in each
cycle. In this case, a majority of time may be spent at minimum treatment pressure. Such
differences in DC and UC pressure variation are illustrated by way of example in aspiration
profiles 310 and 320. UC regulation may be achieved by supplying a plurality of pressurizing
pulses to aspired fluid of a catheter. DC regulation may be achieved by supplying a plurality of
pressure-relieving pulses to aspired fluid of a catheter.

For comparison, Figures 3A-3C include dashed lines representative of constant pressure
aspiration profiles. With traditional constant pressure aspiration methods, pressure is increased
up to an equilibrium steady-state pressure that is maintained until a thrombus is removed or else
the removal is deemed unsuccessful. Dynamic aspiration is found to improve overall clot
clearance rate and clot clearance time yet can involve less total loading to an occlusion. In

contrast to static loading, dynamic loading from dynamic aspiration supplies repetitive and
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variable loading to induce material fatigue in an embolus. “Material fatigue”, or simply
“fatigue”™, is a term used herein according to its meaning in materials science. [t involves the
progressive weakening of a material as a result of repetitive loading and unloading from, for
example, cyclic loading. Over time, a material subject to cyclic loading exhibits localized
structural damage. Generally, microscopic cracks begin to form at stress concentrations, for
example the surface of a material, sharp edges, or slight structural imperfections. The cracks
grow and reach a critical size at which point sudden propagation of the crack causes fracturing of
the material.

Many materials exhibit what is referred to as a linear elastic behavior. Under loading a
material deforms, and upon removal of such loading the material fully recovers its original
conformation. When forces acting upon the material exceed what is called a yield strength, the
material begins to deform plastically (as opposed to elastically) and the original conformation
cannot be recovered. [t is worth noting that fracturing of a material can result from cyclically
applied loads which are significantly smaller than the loads associated with or greater than the
material’s yield strength. For occlusions such as clots, conventional static aspiration applies a
constant load to a clot. This can require a suction force which exceeds the yield strength or
ultimate tensile strength of the clot. In contrast, dynamic aspiration as taught herein may cause
fracture and break-up of a clot applying smaller suction forces which are repetitively varied to
induce material fatigue. One possible advantage of using smaller suction forces is a reduction in
the risk of damaging a vessel wall and causing hemorrhage. The fracture of a clot, and thus its
material failure, may be achieved by loading the clot cyclically, with or without a net fluid flow.

Dynamic aspiration profiles, cyclic or otherwise, may have any one or more of a plurality
of parameters changed over time to control/influence the pressure realized in a catheter and to
which an occlusion is subjected. Such parameters include but are not limited to static baseline
aspiration pressure, frequency, aspiration medium, and pressure waveform. Dynamic aspiration
profiles may furthermore have fixed or modulated frequencies and amplitudes. This allows
tuning of an aspiration system for optimized treatment efficacy.

Different frequencies of cyclic aspiration may be used to improve clot clearance in
comparison to static aspiration. For some embodiments higher frequencies are more effective,
particularly frequencies above 1 Hz. In some embodiments, frequencies may be at least 10 Hz

and, for still some other embodiments, frequencies may be at least 50 Hz. In comparison to
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ultrasound augmented fibrinolysis, embodiments with dynamic aspiration may employ lower
frequency and higher amplitude oscillations aimed at mechanically dislodging and disrupting the
clot so that it can be aspirated from the vessel.

In some embodiments, frequency may be varied while aspiration is applied to an
occlusion. For example, a method of aspiration may include applying a first frequency and, over
the course of an interval of time or at the conclusion of an interval of time, changing to a second
frequency. A plurality of frequencies may be used. In an example embodiment, the aspiration
frequency may start at a low frequency and progressively stepped up to higher frequencies (e.g. 5
Hz to 10 Hz to 15 Hz to 20 Hz and so forth up to a final operating frequency). Alternatively,
aspiration frequency may be stepped down. Occlusions such as clots vary significantly from one
patient to another. In additional to possible material property differences between clots (e.g.
stiffness, elastic modulus, or the like), the adherence of the occlusive element to the wall of the
lumen (e.g. artery) and the material properties of the lumen wall itself will also vary from one
patient to another. Embodiments of the invention provide for variation and selection of one or
more aspiration profile characteristics including frequency on a patient-by-patient basis.

As previously stated, embodiments such as that illustrated in Figure 2ZA may provide for a
second aspirating medium which has a positive pressure. The value of the positive pressure may
be selected according to a desired aspiration profile. A larger magnitude of the positive pressure
of the second aspirating medium may be used to increase the rate of change of suction force at
the distal end of the catheter. In a single cycle or period of a cyclic aspiration profile, the rate at
which the negative pressure increases or decreases is influenced by the pressure differential
between the first aspirating medium and the second aspirating medium. Increasing the positive
pressure of the second aspirating medium increases this pressure differential and thus increases
the rate of change, and vice versa. As a result, for a given cycle/oscillation of a selected time
duration, the rate of change of suction/vacuum pressure in the catheter and thus the total change
of suction/vacuum pressure in the catheter can be selectively varied. As an example, Figure 3C
may show a larger amplitude/total vacuum pressure differential if the second aspirating medium
was provided a non-zero/larger positive pressure, This may hold true despite the frequency
remaining the same. As illustrated, Figure 3C shows a realized pressure differential (at the
catheter tip) of approximately 14inHg resulting from oscillating a source differential (e.g. the

aspiration pump at -25 inHg and atmospheric pressure) at a frequency of approximately 6.3 Hz.
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If the second aspirating medium in Figure 3C operated at a positive pressure (e.g. 10 inHg) rather
than atmospheric pressure, the rate of pressure change would increase due to the increased
pressure differential between aspiration mediums. For example, in this scenario the realized
pressure differential may be increased to 20 inHg, up from 14 inHg, while operating at the same
frequency (approximately 6.3 Hz). This may be beneficial in cases where the operating
frequency of dynamic aspiration must be increased as it would provide a more significant
perturbation load onto the occlusion. In a similar way the second aspiration medium could be
placed under a vacuum to lower the amplitude of pressure oscillations (e.g. if the vasculature was
more sensitive to larger perturbations). Additionally, it will be obvious to one skilled in the art
that, along with bulk modulation of aspiration medium operating pressures, the real-time
modulation of these pressures is encompassed in this description. This enables the operator to
control both the frequency and amplitude of aspiration individually while providing dynamic
aspiration treatment.

Generally, frequencies used for dynamic aspiration are lower than frequencies used with
ultrasound thrombectomy procedures. For the latter, frequencies employed are typically in the
MHz range (i.e. in excess of | MHz). The purpose and function of ultrasound has been limited to
improving the penetration of thrombolytic agents into clots. A solid metal transducer or probe
provides ultrasonic waves adjacent a clot to induce local cavitation. The primary rationale with
this technique is that it maintains complete disbursement of the thrombolytic agent onto the clot,
rather than letting it settle in the vessel. Provided the very high frequencies and low amplitudes
involved, there is effectively no substantial fluid flow and the clot is subjected to static loading
conditions. Thus, material fatigue and failure therefrom do not occur. Generally, there is no
significant displacement of the clot prior to dissolution by the thrombolytic agents.

In contrast to ultrasound techniques, embodiments of the present invention generally
employ frequency ranges well below MHz and, for some embodiments, below KHz. Frequencies
in the KHz can undesirably cause heating of the epithelium and vessel damage resulting in
increased procedural complications such as hemorrhage. The frequencies employed in some
embodiments of the present invention allow for fluid flow, generally back-and-forth according to
the aspiration profile. There is no requirement for net fluid flow. However, there may be net fluid
flow, particularly if a second aspirating medium is admitted to the system or the occlusion is a

partial occlusion which aillows for a small amount of luminal fluid to be aspirated from the vessel
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into the catheter. Furthermore, epithelial heating is generally avoided. In some embodiments, a
thermocouple may also be included at the tip of the catheter to sense local temperature. If an
elevated temperature is detected, chilling of, for example, the catheter may be performed.

Amplitudes of dynamic aspiration profiles may vary between embodiments. Generally,
the realized pressure differential (i.e. the magnitude of the difference between the maximum and
minimum pressure achieved at the catheter tip) may be between 0 and -100 inHg. In some
embodiments, the pressure differential may be between -5 and -20 inHg. Absent an auxiliary
source of aspiration, the magnitude of the baseline pressure is preferably maintained above zero
(i.e. a vacuum is maintained). An example of this is provided in profile 330 of Figure 3C.
Providing a non-zero suction force in the catheter at all times reduces the risk of occlusive
material breaking free of a clot and traveling distally in the vessel.

Figure 4A shows an aspiration system 400 for another exemplary embodiment of the
invention. Like appliance 210 of aspiration system 200 in Figure 2A, appliance 410 of aspiration
system 400 includes a conduit 412 with first and second ends (412a and 412b, respectively) and
a chamber 414, Fluid communication is provided among these elements. Arranged within
chamber 414 between an opening 416 and conduit 412 is a turbulent element 418. Fluid flow
through chamber 414 induces vibratory or chaotic movement of turbulent element 418, resulting
in an arrhythmic or stochastic aspiration profile 450 in catheter 406 such as shown in Figure 4B
by way of example.

As yet another example variation, an appliance 510 of aspiration system 500 is shown in
Figure SA. Appliance 510 includes within a chamber 514 a vibrational element 518 that restricts
fluid flow of a fluid of a second pressure into the appliance 510. A choke point 516 serves a
similar function to the opening 216 of aspiration system 200, although vibrational element 518
may be semi-rigid, deformable, and/or displaceable (e.g. displaceable with respect to a wall of
chamber 514 or where a first part 518a and at least a second part 518b of vibrational element 518
are displaceable relative to one another). As a fluid is drawn or forced through chamber 514, the
geometry of choke point 516 rapidly fluctuates or vibrates, resulting in a vibratory aspiration
profile in catheter 506 which may be similar to that as shown in Figure 4B.

Figure 6 shows an exemplary aspiration system 600 which is electromagnetically
operated. An appliance 610 is in fluid communication with both a catheter (not shown) and an

aspiration source 608. Appliance 610 includes a chamber 614 in which a magnet or magnetic
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element 618 is arranged. A confroller 619, which may be attached to chamber 614, controls coil
621. A position of magnetic element 618 within chamber 614 is regulated by controller 619 and
coil 621. Specifically, coil 621 may be selectively and repetitively energized by controller 619
such that magnetic element 618 is attracted or repulsed by the electromagnetic force of energized
coil 621. Recurrent displacement of magnetic element 618 variably restricts the flow of aspired
medium through opening 616. A preselected energizing pattern may be provided by controller
619 to coil 621 such that the aspiration profile of the aspiration system 600 is dynamically (e.g.,
cyclically) variable,

Figure 7 illustrates an exemplary embodiment with an aspiration system 700. Five
schernatics, labeled 1 through 5, show aspiration systern 700 at various stages of operation.
Generally, aspiration system 700 comprises a catheter (not shown), an aspiration source 708, and
an appliance 710. Inside of a chamber 714 of appliance 710 is a biasing mechanism 721 such as
a spring. A plunger 718 is displaceable in chamber 714 and substantially fills a cross-section
thereof. Chamber 714 includes an opening 716 which may be open to an aspirating medium or
ambient air. Plunger 718 is arranged such that fluid communication between opening 716 and
conduit 712 is restricted or blocked. A second opening 715 of chamber 714 is provided on a side
of plunger 718 opposite the first opening 716. A sealing element 719 of appliance 710 selectively
seals second opening 715.

Referring now the progression of schematics | through 5, schematic 1 shows sealing
element 719 sealing the second opening 715. Aspiration source 708 is turned on, establishing a
vacuum pressure in conduit 712 which is in fluid communication with chamber 714 up to
plunger 718. The resulting suction force exerted on plunger 718 acts in a direction opposite that
of the biasing force of biasing mechanism 721. The biasing mechanism 721 exerts an upward
force on plunger 718 and a vacuum pressure in conduit 712 and a bottom portion of chamber 714
exerts a downward force on plunger 718. The suction force overcomes the biasing force and
pulls the plunger 718 downward toward second opening 715. Schematic 2 of Figure 7 shows an
intermediate stage in which the seal on second opening 715 is still intact and the plunger 718 is
still being drawn downward by the vacuum pressure overcoming the biasing force of biasing
mechanism 721. At schematic 3, plunger 718 releases sealing mechanism 719, opening the
second opening 715 to a fluid ef a second pressure {e.g. ambient air). In effect, the vacuum is

broken. Fluid of a second pressure is drawn into chamber 714, reducing the aspiration pressure in
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conduit 712 and thus in the catheter in fluid communication therewith. The drop in vacuum
pressure in a bottom portion of chamber 714 results in a decreased suction force acting on
plunger 718. The biasing mechanism 721 is no longer overcome, and the biasing force drives the
plunger 718 back toward opening 716, away from second opening 715 as shown in schematic 4.
As the plunger 718 returns to its starting position, it causes sealing mechanism 719 to re-
establish a seal on second opening 715, This returns the aspiration system 700 to its starting
conditions, at which point the cycle repeats. The aspiration profile of the system fluctuates
dynamically according to the repetitive opening and sealing of second opening 715 and
admission of a second fluid of a lesser pressure through the second opening and into the system.

Referring now to Figure 8A, an aspiration system 800 is shown which allows dynamic
variation of the suction force at a distal end of a catheter 806. As shown, the distal end of the
catheter is placed adjacent to and therefore blocked by occlusion 802. Arranged between the
catheter 806 and aspiration source 808 is an appliance 810 for aspiration control. Generally,
appliance 810 includes a first conduit 812, a second conduit 813, a chamber 814, and a valve
817. First conduit 812 has an end 812a which is connectable to be in fluid communication with a
catheter 806. Similarly, second conduit 813 has an end 813b which is connectable to be in fluid
communication with aspiration source 808. Chamber 814 is connected to and in fluid
communication with both the end 812a of conduit 812 and the end 813b of conduit 813. In some
embodiments, conduits 812 and 813 may simply be input and output terminals of the chamber
814. Valve 817 is arranged in chamber 814 with conduits 812 and 813 on opposite sides of the
valve. In effect, the total volume of chamber 814 may be defined according to a division into two
smaller volumes. A first volume of space 814’ exists between the end 812a of the first conduit
812 and the valve 817. A second volume of space 814" exists between the end 813b of the
second conduit 813 and the opposite side of valve 817, Although aspiration system 800 shows a
configuration in which conduits 812 and 813 are arranged on opposite sides of chamber 814 such
that valve 817 is arranged in between the conduits, this is but one example of how the chamber
814 may be divided into at feast two volumes of space 814" and 814",

Valve 817 is selectively operable to reduce or prevent fluid communication between the
first conduit 812 and the second conduit 813. Furthermore, the valve 817 is displaceable such
that the volume 814’ and the volume 814" may be selectively varied. In cases where force

distributions are such that valve 817 remains substantially unmoved during an aspiration force
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oscillation, valve 817 may nevertheless be urged in either of at least two directions, one opposite
the other, such that volumes 814" and 814 are variably subjected to compressive or tensile
forces. The effect of these functionalities will now be explained with respect to the five
schematics labeled 1 through 5 in Figure 8 A, where each numbered schematic represents
aspiration system 800 at a different stage of operation. It should be understood that some
numeric labels are not repeated for each schematic to avoid cluttering the drawings, but
structures which appear substantially identical between schematics should be regarded as the
same structures.

The operation of aspiration system 800 of Figure 8A will be explained in connection with
the process 900 of Figure 9A. At step 901 and with reference to schematic | of Figure 8A, the
aspiration source 808 (e.g. a vacuum pump) is turned on. As previously discussed, aspiration
system 800 is configured such that fluid communication is provided from the aspiration source
808 through appliance 810 to catheter 806 such that a suction force at the distal end of catheter
806 is supplied to occlusion 802, With the aspiration source 808 turned on and the distal end of
catheter 806 occluded by the occluding element of occlusion 802, the pressure inside the tubing,
chamber 814, and catheter 806 is reduced to a base operating pressure (e.g. -24 inHg). As the
system pumps down (and thus the negative pressure increases), valve 817 allow open
communication between volume 814’ and 8§14 and, correspondingly, catheter 806 and pump
808. With valve 817 open, the enclosed spaces of the entire aspiration system 800 are able to
achieve an equilibrium pressure.

At step 902 and with reference to schematic 2 of Figure 8A, a pressure oscillation is
initiated. Valve 817, which is displaceable within chamber 814 relative to ends 812a and 813b,
may be actively displaced in one or more directions by an actuator 830 such that the volume 814’
between the first end 812a and the valve 817 may be increased or decreased. By way of example,
aspiration system 800 allows a linear displacement of valve 817 which, according to the
embodiment illustrated in Figure 8A, is to the left and to the right. In this case, actuator 830
comprises an electromagnet and valve 817 is fixedly coupled to magnets 832. Actuator 830 may
be energized according to two different polarities. In a first polarity, the electromagnet of
actuator 830 repulses the one or more magnets 832 and thus urges or drives valve 817 toward
end 812a. Urging of valve 817 toward end 812a supplies a compressive force on volume 814°

and a tensile force on volume 814”. A displacement of valve 817 toward end 8§12a may provide a
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minimum value to volume 814" and a maximum value to volume 8147, At step 902, the
electromagnetic is switched (from a first polarity or an off state) to a second polarity, whereby
magnets 832 are attracted to the electromagnetic coils of actuator 830. That is to say, actuator
830 urges valve 817 away from end 812a and toward end 813b, as indicated by arrow 833.
Displacement of valve 817 in the direction 833 (that is, to the right as illustrated), may cause
valve 817 to passively close. Alternatively, the valve 817 may be actively closed. Valve 817
closes prior to the completion of displacement in direction 833 such that volume 814° and the
volume of the lumen of catheter 806 together form a closed system. Urging of valve 817 in
direction 833 (which may or may not be accompanied by displacement in the same direction and
an increasing value of volume 8147) causes an increase in negative pressure (i.e. an increase in
the magnitude of the vacuum pressure) in catheter 806. For example, the negative pressure may
increase from an equilibrium pressure of -24 inHg to -28 inHg. Generally, the aspiration source
808 maintains the pressure on the pump side of valve 817, that is the pressure in volume 8147, at
the base operating pressure (e.g. -24 inHg).

Schematic 3 of Figure 8A is a continuation of schematic 2 and illustrates the increasing
value of volume 814" as the valve 817 is urged and displaced in direction 833. The vacuum
pressure (VP) dial 836 illustrates the increasing negative pressure in respense to the increasing
value of volume 814°. Vacuum pressure may increase up to a peak negative pressure (e.g. -30 in
Hg).

At step 903 of Figure 9A and with reference to schematic 4 of Figure 8A, pressure in
volume 814’ and catheter 806 may be returned back to the baseline pressure. As illustrated,
actuator 830 is de-energized such that it does not act on valve 817 to urge it in direction 833.
This allows the valve 817 to passively return to its original starting position according to a
displacement in the direction of arrow 838. A force providing such displacement in direction 838
derives from the proportionally greater vacuum pressure of volume 814” as compared to the
vacuum pressure of volume 8147, Alternatively, actuator 830 may be energized according to its
first polarity which repels magnets 832. In this manner, actuator 830 urges valve 817 toward end
812a (in direction 838). Thus valve 817 may be actively displaced in direction 838 by the
electromagnetic force of actuator 830. In a fully static situaticen, e.g. there is no blood flow

around the occlusion 802, valve 817 may only open once it returned to its starting position. So
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long as a higher vacuum pressure exists for volume 814’ as compared to volume 8147, the valve
817 may stay pulled closed.

As was previously indicated, valve 817 may be actively opened and closed independent
of the displacement of valve 817 within chamber 814. In some embediments, the valve may be
selectively maintained in an open state or in a closed state despite a movement of valve 817 in
direction 833 or 838 and irrespective of the valve’s position relative ends 812a and 813b.

Schematic 5 of Figure 8A shows the aspiration system 800 back in its starting
configuration. Process 900 or a similar process according to the teachings herein may be
repeated with a selected frequency, resulting in a cyclic oscillation of the one or more forces
acting on valve 817 in directions 832 and/or 838. This may in turn supply physical oscillation of
the valve 817 in directions 832 and 838 in reaction to such forces. A starting position ora
maximum displacement position of valve 817 to either end of chamber 814 may be varied. Valve
817 may be actively (e.g. manually) opened to allow movement of the valve and adjust the
values of volumes 814" and 814",

Figure 9B shows a dynamic aspiration method 950 which is also usable with the
aspiration system 800, for example. At step 951, a distal end of a catheter 806 is positioned
adjacent an occlusion 802. At step 952, a suction force is exerted at the distal end of the catheter
802 with a source of suction 808 in fluid communication with a proximal end of the catheter 806.
At step 953, the suction force is dynamically varied with an appliance/device 810 in fluid
communication with the catheter 806 and the source of suction 808. The dynamic variance of the
suction force may be provided by variably urging a displacement of a valve 817 in the appliance
810 such that a volume 814” between the distal end of the catheter and the valve 817 is
selectively variable. Steps 952 and 953 may at times be performed individually or performed
simultaneously.

An actuator 830 may comprise one or more electromagnets. In the aspiration system 800
of Figure 8A, actuator 830 includes an electromagnetic coil positioned at a proximal end of
chamber 814 adjacent conduit 8§13. Displacement of valve 817 toward the actuator 830
corresponds with increased vacuum pressure in volume 814’ and catheter 806. Figure 8B shows
an alternative embodiment in which an electromagnetic-based actuator 850 has an
electromagnetic coil arranged at a distal end of chamber 814 adjacent conduit 812. By this

arrangement, displacement of valve 817" away from the actuator 850 corresponds with increased
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vacuum pressure in volume 814° and catheter 806. In other words, actuator 850 may provide for
a negative pressure pulse by actuating valve 817" such that magnets 832 (and thereby valve 817)
is repelled away from the actuator 850. In the example embodiment of Figure 8A, a negative
pressure pulse in catheter 806 is created by actuating valve 817 such that magnets 832 and valve
817 are attracted toward the actuator 830.

Figure 8C shows an alternative embodiment in which an actuator 860 comprises a first
electromagnetic coil 830a and a second electromagnetic coil 850a. The aforementioned operation
and details of actuator 830 (Figure 8A) are also applicable to electromagnetic coil 830a. The
aforementioned operation and details of actuator 850 (Figure 8B) are also applicable to
electromagnetic coil 850a. Actuation of valve 817" can be performed by any one or both of
electromagnetic coils 830a and 850a providing individual repulsive and/or attractive forces or
paired repulsive and/or attracted forces. Electromagnetic forces exerted by coils 830a and 850a
on magnets 832 is inversely proportional to the square of the distance between a coil and the
magnet. It will be clear to those of skill in the art that the actuators of embodiments of Figures
8A-8C or other embodiments according to the invention may be configured according to the
desired electromagnetic force and pressure characteristics. As an example, it may be desirable to
ramp a vacuum pressure oscillation as quickly as possible at the start of the oscillation. In this
case, arranging the electromagnetic coil and the magnets adjacent one another for the start of a
pressure oscillation (such as is provided by actuator 850 in Figure 8B and electromagnetic coil
850a in Figure 8C) provides a maximum electromagnetic force at the start of a pressure
oscillation.

In some embodiments, an actuator 830, 850, or 860 may take a form other than an
electromagnet. For example, the actuator may be a pneumatic or mechanical actuator. These are
but some example mechanisms for actuating a valve 8§17, 817°, or 817" to urge it one or more
directions in chamber 814 and, in some embodiments, cause its displacement. In some
embodiments, valve 817 may be a customized valve or, alternatively, a commercially available
valve allowing pressure to either side of the valve to be alternated manually, such as by an
actuator 830. Suitable commercially available valves may include but are not limited to motor
actuated valves and solenoid valves provided by companies like Sizto Tech Corporation (Palo
Alto, California, USA). Other suitable valves and actuation mechanisms will occur to skilled

persons in the art in view of the teachings herein.
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For embodiments including those discussed for illustrative purposes herein, the appliance
or device providing dynamic aspiration may be located at a distance from a patient on which a
medical procedure is being performed. Thus, sterilization requirements may be less rigorous and
therefore less expensive than required for a catheter, for example. Alternatively, for some
embodiments, regulatory appliances, devices, or actuating mechanisms such as those examples
detailed in Figures 2A-2C, 4A-4B, 5, 6, 7, and 8A-8C may be arranged in the catheter such that
it operates closer to the target occlusion.

With continued reference to Figures 8A-8C, a valve 817, 817, or 817" may inciude a
flexible surface to which is attached a stretch sensor 840 for detecting a deflection of the flexible
surface. Stretch sensor 840 may be, for example, a piezoelectric strip or film. Deflection readings
of a sensor 840 are usable for such purposes as determining catheter placement and the material
properties of the aspiration target (e.g. a thrombus or clot). As the device is cycled an output
waveform from the sensor 840 may indicate if the catheter 806 is occluded (e.g. by occlusion
802). As valve 817 moves in direction 833 (i.e. to the right as illustrated in Figure 8A), negative
pressure develops in catheter 806 more significantly if the catheter 806 is occluded. A greater
pressure differential of volume 814" as compared to volume 814" increases deflection of the
flexible surface of valve 817. Furthermore, the material properties of occlusion 802 may also
influence the surface deflection and thus be detected by sensor 840. A rigid occlusion material
may produce a sharper pressure-development curve as compared to a soft occlusive material
which may deform under loading and thus decrease the realized pressure.

Dynamic aspiration may be performed in conjunction with continuous aspiration or as a
stand-alone treatment. Generally, maintaining a vacuum throughout the procedure minimizes a
risk of distal migration of thrombi. As with current static aspiration techniques, cyclic aspiration
may be paired successfully with supplemental treatment methods such as the use of a separator
wire.

It is noted that the teachings herein may be effective for any occlusien, including both
total and partial occlusions. Occlusions are possible anywhere in the circulatory systern, acute
ischemic stroke and deep vein thrombosis being two of many examples. Figure 10 shows a
method 1000 for performing an embolectomy. At step 1001, the distal end of a catheter is
positioned adjacent an embolus. At step 1002, a negative pressure is provided in the catheter

with an aspiration source. At step 1003, the negative pressure is repetitively changed with an
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appliance to produce a dynamic suction force at the distal end of the catheter. At step 1004, at
least a part of the embolus and preferably an entirety of the embolus is removed with the
catheter. The dynamic suction force provides a repetitive loading to induce material fatigue in
the embolus, as discussed above.

Referring now to Figures 11A-11D, a variety of catheters may be used for various
aspiration systems according to the invention. In some exemplary embodiments, ordinary or
conventional catheters such as uni-luminal catheter 1106 of Figure 11 A may be employed.
Alternatively, Figures 11B and 11C shows a catheter 1106 which may be used with any
embodiments such as those shown in Figures 2A-2C, 4A-4B, 5, 6, 7, and 8A-8C as well as other
exemplary embodiments. Catheter 1106’ comprises two coaxial tubes 1106a and 1106b, the
former being of a smaller diameter and arranged inside the latter. The primary “dynamic
aspiration” tube 1106a is arranged inside a secondary “stabilizing aspiration” tube 1106b. The
arrangement of the secondary "stabilization aspiration” catheter | 106b over/around the primary
"dynamic aspiration™ catheter 1106a helps stabilize the clot 1102 against the catheter 1106 so
that the full suction force delivered via the primary tube 1106a acts on the clot 1102. Generally,
both tubes 1106a and 1 106b may be operated with negative pressure. The principles of dynamic
aspiration may be applied to either primary tube 1106a or secondary tube 1106b, or to both. For
example, dynamic aspiration through the secondary (outer) tube 1106b may be more effective at
disrupting the bonds between the clot 1102 and the vessel wall as compared to a fully-engaged
catheter. Utilizing any combination of dynamic and static aspiration with the primary and
secondary tubes, along with variable magnitudes of pressure, may be utilized according to
alternative exemplary embodiments of the invention.

Figure 11D shows yet another alternative exemplary embodiment for a catheter usable
with any embodiment of the invention as taught herein. Catheter 1 106” is similar to catheter
1106" and comprises a primary tube [ 106a and a secondary tube 1106b. In this case, a terminal
end to primary tube 1106a is axially displaced with respect to a terminal end of secondary tube
1106b. More specifically, primary tube 1106a extends beyond a terminal portion of secondary
tube 1106b such that a terminal portion of primary tube 1106a is not surrounded or enclosed by
the wall of the secondary tube 1106b. Alternatively, secondary tube 1106b may extend beyond a

terminal portion of primary tube 1106a such that a terminal portion of secondary tube 1106b
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does not surround or enclose primary tube 1106a. In short, either the primary tube or secondary
tube may be axially recessed with respect to the other.
It should be noted that the term “tube”, such as used with respect to elements 1106a and

1106b, may be used interchangeably with the term “catheter”, “tubule”, or the like.

Example 1

An example embodiment corresponding with aspiration system 200 of Figure 2A was
tested by placing a three-way valve (Harvard Apparatus, Holliston, Massachusetts, USA)
between a vacuum source (Penumbra aspiration pump, Penumbra, Alameda, California, USA)
and the catheter (Penumbra 5SMax reperfusion catheter) to establish open continuity between the
vacuum source, the catheter tip, and air (the aspiration medium) when the valve was opened.
Temporarily closing the valve to air (e.g., with a finger) allowed the pump to establish a vacuum
at the catheter tip. Subsequently removing the finger reopened the system to air and rapidly
diminished the vacuum at the catheter tip. Impact aspiration is performed by repeatedly opening
and closing the valve to air so that cyclic pressure profiles are developed at the catheter tip. For
tests in which water was used as the aspiration medium, the three-way valve was submerged in
water. Care was taken to ensure that the system was primed with the aspiration medium before
experimentation.

Synthetic polyurethane clots (Concentric Medical, Mountain View, California, USA)
were extruded with a cylindrical template cut to a specific clot size using Traceable Digital
Calipers (Control Company, Friendswood, Texas, USA). They were then placed in a flow model
consisting of a Penumbra SMax reperfusion catheter (1.37 mm tip internal diameter) inside rigid
plastic tubing (2.5 mm internal diameter, 4 mm outside diameter) submerged in water. The clots
were positioned directly adjacent to the catheter tip and exposed to either suction alone
(Penumbra aspiration pump) or cyclic aspiration via the aspiration system 200 shown in Figure
2A. The test was performed until either the clot was removed or 5 minutes had elapsed. If the
clot was not completely cleared within 5 min (the standard dwell time of current stent retrievers),
the trial was considered unsuccessful. Although not employed in this particular example, what is
referred to as the ADAPT technique may be used in accordance with the invention. Per the
ADAPT technique, the aspiration catheter is withdrawn after partial engagement of the occlusive

element.
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Pressure profiles were generated by placing an Equus 3620 Innova Vacuum Gauge
(Equus Products, Irvine, California, USA) distal to the three-way valve during experimentation.
Using reduced speed playback of the vacuum gauge fluctuations, recordings were made of the
pressures generated during static aspiration and 15 cycles of impact aspiration at frequencies of 1
and 2 Hz, as well as a third group labeled 'Max Hz' where the experimenter cycled the system as
fast as possible. The 'Max Hz' category was necessary to capture impact aspiration performance
at higher frequencies while acknowledging that accurately reproducing frequencies above 2 Hz is
not possible with a manual opening and closing of opening 216. The actual frequency for the
‘Max Hz' trials was determined by dividing the number of cycles by the time elapsed.

Statistical analyses were made based on a one-way (static loading vs cyclic loading and
UC impact aspiration clot clearance trials) or two-way analysis of variance (all other analyses),
Holm-Sidak pairwise multiple comparison procedure (o = 0.05).

Example pressure cycle dynamics are provided in Figures 3A-3C. The Penumbra pump
acting alone provided an adequate pump-down time, rapidly creating and maintaining a baseline
vacuum pressure shown in the Figures by the dotted curve. Both down-cycling (DC) and up-
cycling (UC) cyclic aspiration are shown in Figure 3A and 3B.

The Penumbra pump alone—that is without an appliance 2 10——creates a rapidly
developing static pressure curve that reaches a peak value of -24.5 inHg. Cyclic aspiration
provided by appliance 210 creates a dynamic pressure curve where the pressure cycles between a
maximum and minimum value at a specific frequency (maximum and minimum relating to the
magnitude of pressure). Impact aspiration cycles between -23.8 (SD 0.09) inHg and 0 (SD Q)
inHg at 1 Hz, between -22.0 (§D 0.11) inHg and 0 (§D 0) inHg at 2 Hz and between -18.9 (SD
0.8) inHg and -5.0 (SD 2.42) inHg at Max Hz (approximately 6.3 Hz). These values are
represented in Figures 3A-3C. The relationship between frequency and pressure differential for
the three impact aspiration values is remarkably linear with linear curve-fitting yielding an
equation of y = 47.654x - 653.4 with an r° value of 1.

To provide just one illustrative example, a thrombectomy model was created in which
static suction alone would be insufficient treatment. A synthetic clot diameter was increased until
a static suction Penumbra system was unable to clear the clot from the model.

A comparison was made between a static loading method and cyclic loading method.

Aspiration with the Penumbra pump alone failed to clear a single clot (n=10) whereas the
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combined clearance rate of impact aspiration was 91.43% (64 cleared, n=70). Impact aspiration
was significantly better at clearing clots from the flow model than static aspiration with the
Penumbra pump alone (p<0.001) despite cyclic loading delivering less total force to the clot than
static loading. The discrepancy between total force delivered and experimental outcome indicates
that the dynamics of loading play a significant role in the success of the procedure.

Different cyclic frequencies were also evaluated. Impact aspiration had successful
clearance rates of 849 (1 Hz, n=23), 100% (2 Hz, n=25) and 90% (Max Hz, n=20) and clearance
times of 35.1 (SD 22.8) seconds (1 Hz, n=21), 40.7 (8D 55.4) seconds (2 Hz, n=25), and 7.8 (SD
6.8) seconds (Max Hz, n=18). Aspirating at Max Hz was significantly faster at clearing clots than
at 1 Hz (p<0.001) or 2 Hz (p=0.024). While Max Hz cycling was not 100% successful in this
example (noting that all clearance failures occurred with air as the aspirating medium), the
downward trend in clot clearance time shown in Figure 3D is a good indicator that increasing
frequency is the correct path to more effective treatments. In this example, 6.3 Hz (Max Hz) was
the only frequency that maintained uninterrupted net aspiration pressure as both | Hz and 2 Hz
had minimum pressures of 0 inHg. In many embodiments, a non-zero negative pressure is
maintained in the catheter for the duration of an aspiration procedure.

When air was used as the aspirating medium, impact aspiration had an overall clearance
rate of §5% (n=40) and an average clearance time of 34.7 (SD 49.3) seconds (n=34). When water
was used as the aspirating medium, impact aspiration had an overall clearance rate of 100%
(n=30) and an average clearance time of 23.8 (SD 22.7) seconds (n=30). Impact aspiration using
water as the aspirating medium was more effective at clearing clots than when air was used as
the aspirating medium (p=0.019). There were no significant differences between the two
aspirating mediums in clearance time. It is likely that the pressure reaches maximum and
minimum more quickly with water, providing more total time at maximum pressure, more abrupt
pressure perturbations, and steeper pressure development slopes in the ramping phases.

Using DC pressure profiles in impact aspiration resulted in a clearance rate of 60%
(n=10) and an average clearance time of 80.7 (§D 94.8) seconds (n=6). Using UC pressure
profiles resulted in a clearance rate of 96.67% (n=60) and an average clearance time of 24.3 (§D
24.8) seconds (n=38). Compared with DC, UC pressure profiles were more effective in the
general ability to clear clots from the flow model (p<0.001) and faster at clearing the clots from

the flow model (p<0.001). The more efficacicus UC method differs from DC impact aspiration
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in that its pressure dynamics are characterized by two rapid perturbations (pressure on and off)
with virtually no static Ioading between them. DC impact aspiration, on the other hand, has a
relatively long static loading period between its two perturbations. In this example it appeared
that a prolonged static force may decrease the efficacy of the technique.

In some embodiments such as those shown in Figures 2A and 8A, the catheter requires
only a single port, although additional ports may optionally be used. A single port catheter
provides an exhaust lumen independent of additional lumens (e.g. a lumen for supplying positive
pressure infusion fluid). A suction force of the catheter/exhaust lumen extends into the vessel in
a direction parallel with the distal end of the catheter and the center longitudinal axis of the
surrounding vessel walls. This minimizes suction applied to the walls, which can damage or
collapse the vessel. In contrast, U.S. Patent App. Pub. No. 2013/0267891 provides a fluid jet
parallel with an exhaust lumen of a multi-port catheter, where the fluid jet causes a suction force
which is not parallel with a longitudinal axis of the exhaust lumen and the surrounding vessel
walls. For example, according to Figure 5 of the publication, a passive suction force caused by
the fluid jet is perpendicular to the catheter tip and thus perpendicular to a wall of the vessel in
which the catheter is used. Such a configuration may also require rotation of the catheter and
penetration of a clot with the catheter for removal thereof. In contrast, embodiments of the
present invention may be used without a need to rotate a catheter and without penetration of a
thrombus with the catheter. Full engagement of a thrombus may immediately be achieved
without penetration of the thrombus.

As shown in exemplary embodiments herein, an appliance (e.g. appliance 210 of Figure
2A or appliance 810 of Figure 8A) is separate but attachable to a source of suction (e.g.
aspiration source 208 of Figure 2A or aspiration source 808 of Figure 8A). In some alternative
embodiments, an appliance and aspiration source may be integral. An aspiration source may be
provided for a dynamic aspiration sysiem where the aspiration source includes an appliance or
suction regulatory device which dynamically varies the suction force supplied by the aspiration
source to a catheter in fluid communication therewith.

Generally, a fluid communication pathway from the distal end of a catheter to a suction
source defines a suction line. A negative pressure is provided in a suction line. In the example

embodiments herein, for example aspiration system 200 of Figure 2A or aspiration system 800 of
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Figure 8A, an appliance/device for providing dynamic aspiration is arranged along the suction
line.

Although certain features and elements of the invention have been described in relation to
particular illustrative embodiments, it should be understood that all features and elements
disclosed are not limited to the embodiments shown and described. These serve only as
illustrative examples, and features and elements of one embodiment may generally be used with
some other embodiment, as will be evident to those of skill in the art.

While some embodiments of the present invention have been disclosed herein, one
skilled in the art will recognize that various changes and modifications may be made without

departing from the scope of the invention as defined by the following claims.
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CLAIMS
What is claimed is:

1. An appliance for aspiration control, comprising:
a conduit having
a first end connectable to be in fluid communication with a catheter, and
a second end connectable to be in fluid communication with a source of suction
such that fluid of a first pressure from said source of suction extends through said appliance from
second end to said first end; and
a chamber connected to said conduit between said first end and said second end and in
fluid communication with said conduit, said chamber having an opening which is variably
opened or closed, or
enlarged or narrowed,
wherein said opening permits fluid of a second pressure which is different from said fluid

of said first pressure to be mixed with said fluid of said first pressure.

2. The appliance of claim |, wherein said fluid of a second pressure is ambient air, water, or

saline.

3. The appliance of claim 1, wherein said first pressure of said first fluid is more negative than

said second pressure of said second fluid.

4. An appliance for aspiration control, comprising:

a first conduit having a first end connectable to be in fluid communication with a
catheter;

a second conduit having a second end connectable to be in fluid communication with a
source of suction such that fluid of a first pressure from said source of suction extends through
said appliance between said second end and said first end;

a chamber in fluid communication with and connected to said first conduit and said

second conduit; and
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a valve arranged in said chamber which is selectively operable to reduce or prevent fluid
communication between said first conduit and said second conduit and urgeable in at least one
direction such that a volume of said chamber or force conditions between said first end of said

first conduit and said valve is selectively variable,

5. The appliance of claim 4, further comprising a stretch sensor attached to a flexible surface of

said valve, said stretch sensor detecting deflections of said flexible surface.

6. The appliance of claim 4, further comprising an actuator which actively urges said valve in
one or more directions in said chamber such that a fluid in said volume of said chamber between

said first conduit and said valve is subjected to a pressurizing or pressure-relieving force.

7. The appliance of claim 6, wherein said actuator includes at least one electromagnet that

attracts or repels said valve in said chamber when energized.

8. The appliance of claim 4, wherein said valve is operable between an open state and a closed

state.

9. A method of aspiration, comprising the steps of:

positioning a distal end of a catheter adjacent an occlusion;

exerting a suction force at said distal end of said catheter with a source of suction in fluid
communication with a proximal end of said catheter; and

dynamically varying said suction force with a device in fluid communication with said

catheter and said source of suction by variably opening said device.

10. The method of claim 9, further comprising the step of supplying a plurality of pressure-
relieving pulses to aspired fluid of said catheter, said pressure-relieving pulses controlling a

frequency of an aspiration profile of said suction force.
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11. The method of claim 9, further comprising the step of supplying a plurality of pressuring
pulses to aspired fluid of said catheter, said negatively pressuring pulses controlling a frequency

of an aspiration profile of said suction force.

12. The method of claim 9, wherein said dynamically varying step induces a cyclic aspiration

profile with a frequency of at least 1 Hz.

13. The method of claim 9, wherein said dynamically varying step induces a cyclic aspiration

profile with a frequency of at least 50 Hz.

14. The method of claim 9, wherein said dynamically varying step induces a stochastic aspiration

profile for said suction force.

15. A method of aspiration, comprising the steps of:

positioning a distal end of a catheter adjacent an occlusion;

exerting a suction force at said distal end of said catheter with a source of suction in fluid
communication with a proximal end of said catheter; and

dynamically varying said suction force with a device in fluid communication with said
catheter and said source of suction by variably urging a valve in said device in at least one
direction such that a volume or force conditions between said distal end of said catheter and said

valve is selectively variable.

16. The method of claim 15, wherein said changing step supplies a plurality of pressure-relieving
pulses to aspired fluid of said catheter, said pressure-relieving pulses controlling a frequency of

an aspiration profile of said dynamic suction force.

17. The method of claim 135, wherein said changing step supplies a plurality of negatively
pressuring pulses to aspired fluid of said catheter, said negatively pressuring pulses controlling a

frequency of an aspiration profile of said dynamic suction force.
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18. The method of claim 15, wherein said changing step induces a cyclic aspiration profile with a

frequency of at least | Hz.

19. The method of claim 15, wherein said changing step induces a cyclic aspiration profile with a

frequency of at least 50 Hz.

20. A method of performing an embolectomy, comprising the steps of:

positioning a distal end of a catheter adjacent an embolus;

providing a negative pressure in said catheter with an aspiration source;

changing said negative pressure repetitively with an appliance to produce a dynamic
suction force at said distal end of said catheter; and

removing at least part of said embolus by aspiration with said catheter,

whereby said dynamic suction force provides variable loading to induce material fatigue

in said embolus.

21. The method of claim 20, wherein said changing step supplies a plurality of pressure-relieving
pulses to aspired fluid of said catheter, said pressure-relieving pulses controlling a frequency of

an aspiration profile of said dynamic suction force.

22. The method of claim 20, wherein said changing step supplies a plurality of negatively
pressuring pulses to aspired fluid of said catheter, said negatively pressuring pulses controlling a

frequency of an aspiration profile of said dynamic suction force.

23. The method of claim 20, wherein said changing step induces a cyclic aspiration profile with a

frequency of at least 1 Hz.

24. The method of claim 20, wherein said changing step induces a cyclic aspiration profile with a

frequency of at least 50 Hz.

25. The method of claim 20, wherein said changing step induces a stochastic aspiration profile

for said dynamic suction force.
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26. The method of claim 20, wherein said changing step is performed along a suction line

between said catheter and said aspiration source.

27. An aspiration system, comprising:
a catheter insertable into a body;
an aspiration source providing a negative pressure in said catheter; and
a device which repetitively changes said negative pressure to produce a dynamic suction

force at a distal end of said catheter.

28. The aspiration system of claim 27, wherein said device supplies a plurality of pressure-
relieving pulses to aspired fluid of said catheter, said pressure-relieving pulses controlling a

frequency of an aspiration profile of said dynamic suction force.

29. The aspiration system of claim 27, wherein said device supplies a plurality of negatively
pressuring pulses to aspired fluid of said catheter, said negatively pressuring pulses controlling a

frequency of an aspiration profile of said dynamic suction force.

30. The aspiration system of claim 27, wherein said device induces a cyclic aspiration profile

with a frequency of at least 1 Hz.

31. The aspiration system of claim 27, wherein said device induces a cyclic aspiration profile

with a frequency of at least 50 Hz.

32. The aspiration system of claim 27, wherein said device induces a stochastic aspiration profile

for said dynamic suction force.

33. The aspiration system of claim 27, further comprising a suction line connecting said catheter

and said aspiration source, wherein said appliance is arranged along said suction line.
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optimum transition in flexural stiffness by way of features of the jacket including geometry of jacket corrugations (15), or overlapping
tubular layers (1073, 1074). The distal end of the distal portion may have an extension of liner material folded over (1072, 1082) to
provide a particularly soft tip. In other examples the liner is terminated (763) before the distal tip. The catheter is particularly suited to
an aspiration device (1350) with a flow restrictor (1353) and the distal portion distal of the flow restrictor. An aspiration system (3500)

employ the catheter with a pump which dynamically applies negative or positive pressure to optimally aspirate a clot.

Penumbra, Inc., Ex. 1031, Page 318 of 776
Penumbra, Inc. v. RapidPulse, Inc.



10

15

20

25

30

WO 2019/115809 S1- PCT/EP2018/085064

“Improved Catheters and Devices and Systems Incorporating such Catheters”

INTRODUCTION

Field of the Invention

The present disclosure relates to catheters and to devices and systems incorporating such
catheters, and to their methods of use. An example is a flexible catheter for endovascular

procedures.

Prior Art Discussion

Most endovascular procedures require the use of flexible catheters, for example, to deliver
contrast injection, to deliver implantable devices, perform vascular procedures, or to aspirate.
Due to the tortuous nature of the vasculature, it is important for catheters to be flexible enough to
travel through vessels without excessive force. However, there is generally a trade-off between
the features of catheter diameter, trackability, flexibility, and kink resistance. An increase in
catheter diameter tends to increase its stiffness, which lowers its trackability and may
dangerously increase vascular sheer forces. An increase in flexibility tends to increase the
tendency of the catheter to kink as it is pushed through the vasculature, which limits the catheter
to vessels with gentle curves. In general, a decrease in wall thickness increases flexibility and
allows access to more tortuous vessels, there being a trade-off between flexural stiffness and

kink resistance.
The invention is directed towards providing a catheter with improved properties for desired
flexural stiffness and flexibility, to thereby allow use in difficult locations such as where there

are significant curves and small dimensions in the patient vessels.

SUMMARY OF THE INVENTION

A catheter has a jacket defining a lumen and a helical support. The catheter has a proximal
portion and a distal portion the distal portion having for at least some of its length a corrugated
outer surface. A transition portion has a flexural stiffness which is less than that of the distal
portion and more than that of the proximal portion. The transition portion provides an optimum
transition in flexural stiffness by way of features of the jacket including geometry of jacket
corrugations, or overlapping tubular layers. The distal end of the distal portion may in some

examples have an extension of liner material folded over to provide a particularly soft tip. In
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other examples the liner is terminated before the distal tip. The catheter is particularly suited to
an aspiration device with a flow restrictor and the distal portion distal of the flow restrictor. An
aspiration system may employ the catheter with a pump which dynamically applies negative or

positive pressure to optimally aspirate a clot.

In one aspect we describe a catheter comprising a jacket defining a lumen and comprising a
helical support in jacket material along at least some of its length, the catheter comprising at least
a proximal portion and a distal portion, said distal portion having for at least some of its length a
corrugated outer surface. The catheter preferably comprises a transition portion between said
proximal portion and said distal portion, said transition portion having a flexural stiffness which
is less than that of the distal portion and more than that of the proximal portion. The transition
portion preferably has a corrugated outer surface in which at least some corrugations of the
corrugated outer surface have a smaller depth and/or width than corrugations of the surface of

the distal portion.

Other aspects of the catheter are set out in the attached claims 4 to 88.

We also describe a method of manufacturing a catheter of any embodiment, wherein the jacket is
formed in at least some regions by positioning a membrane over a helical structure, applying
heat so that the membrane reflows such that it forms around the helical structure, winding a
tensioned cinch wire around the outside of the membrane such that it forces membrane material
into grooves between each loop of the helical structure, heat setting the membrane to fix the

corrugations in place, and unwinding the tensioned cinch wire leaving the corrugations behind.

The jacket may include fluoropolymers and said fluoropolymers may be bonded with each other
and/or with other polymers at bonding interfaces. Chemical treatment may be applied at said
interfaces using an etching solution. The etched fluoropolymer may be coated with a thin layer
of urethane such as Chornoflex, and on the application of heat, this layer flows and acts to tie the

fluoropolymer to a second etched fluoropolymer layer or to a different polymer layer.

In one aspect, the method comprises providing the helical support within a polymer jacket which
is bonded to a liner to form a base assembly, placing an outer liner which will not bond to the
polymer jacket over the jacketed coil, winding the cinch wire in a helix onto the outside of the

outer liner under tension thereby imparting a corrugate geometry, heating to reflow or anneal the
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material to set said material into the corrugate geometry, cooling the assembly, removing the

cinch wire, and peeling off the outer liner.

We also describe an aspiration device comprising a catheter of any embodiment described herein
and a flow restrictor, in which the distal portion is distal of the flow restrictor. The catheter may
comprise a transition portion between said proximal portion and said distal portion, said
transition portion having a flexural stiffness which is less than that of the distal portion and more
than that of the proximal portion, and at least part of said transition portion extends distally of

the flow restrictor.

The flow restrictor may comprise a balloon and the balloon is arranged to inflate to block blood
flow before aspiration of a clot into the catheter distal portion. Alternatively it may be used to
block blood flow before precise delivery of an embolic agent to region of the vasculature,

tumour, or organ.

Length of the distal portion is in one case suited to reach specific anatomical locations, such as
the distal internal carotid artery, terminus of the internal carotid artery, proximal MI, distal MI,
proximal M2, distal M2, basilar, or vertebral vessels, wherein the flow restrictor remains in or

proximal of the C1 segment of the ICA.

Various aspects of the aspiration device are set out in appended claims 94 to 110.

We also describe a method of use of an aspiration device of any embodiment, the method
comprising steps of deploying the aspiration device in a patient’s blood vessel, navigating the
distal portion to a clot in the vessel, causing the flow restrictor to block blood flow, applying a

vacuum to the catheter so that the clot is aspirated into the distal portion.

In one example, the method comprises:
performing an angiogram to determine location of an occlusion, and distance between
petrous or cavernous carotid and the occlusion,
choosing a catheter with a distal portion length suitable to reach a clot causing the
occlusion, while ensuring that the flow restrictor does not land beyond the cervical
carotid,

navigating the distal portion of the catheter to the clot,
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activating the flow restrictor such that flow arrest is enabled, and alternative flow
pathways which could reduce the effectiveness of the aspiration are minimised,

applying a vacuum to the lumen of the catheter to aspirate the clot,

if the clot is retrieved, performing another angiogram through the balloon guide catheter
or a diagnostic catheter, and

removing the catheter.

We also describe an aspiration system comprising a catheter of any embodiment, a pump linked
with the catheter proximal portion, and a controller arranged to vary aspiration pressure during
aspiration of a clot. The system may comprise a lumen pressure senor and the controller is
configured to vary aspiration pressure according to sensed pressure within the catheter lumen.

The system may comprise a lumen fluid flow sensor, and the controller is configured to vary

aspiration pressure according to sensed fluid displacement in the lumen.

The controller may be configured to improve the efficiency of aspiration by preventing clogging
of the catheter, and/or to promote maceration and deformation of a clot to enable it to travel

through the lumen.

Various aspects of the aspiration system are set out in the appended claims 113 to 135.

We also describe methods of use of an aspiration system of any embodiment, in which the
controller varies aspiration pressure during aspiration of a clot. There may be a lumen pressure
senor and the controller varies aspiration pressure according to sensed pressure within the
catheter lumen. There may be a lumen fluid flow sensor, and the controller varies aspiration
pressure according to sensed fluid displacement in the lumen. Preferably, the controller
improves efficiency of aspiration by preventing clogging of the catheter, and/or promotes
maceration and deformation of a clot to enable it to travel through the lumen. Also, the
controller may provide a vacuum or a positive pressure based on measured pressure, and change

direction hence altering the pressure and fluid displacement.

The controller may have defined upper and lower limits of pressure or displacement to decide
whether to apply a vacuum or pressurize, and/or it may cause the catheter to cyclically ingest and
if required expel, at least some of a clot, whereby there is deformation of the clot to improve
efficiency of aspiration and prevent clogging of the catheter. The controller may begin to draw

some vacuum so that a negative pressure is measured and in the absence of an occlusion or
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partial occlusion of the catheter tip, this will be a nominal reading, representing free-flow of fluid
through the catheter, and once the catheter is advanced and engaged with the clot, an increase in

the vacuum is observed.

The controller may increase a vacuum to ingest more of a clot and reverse at a low limit of
pressure defined such that during vacuum, a portion of the clot has been aspirated but not so
much that the clot has become irreversibly clogged and the lower limit of vacuum can be set

above a full vacuum pressure to prevent ingestion of too large a clot that could clog the catheter.

Other aspects of the method of operation of the aspiration system are set out in the attached
claims 113 to 135. For example, the controller may set the low limit between -100 mm-HG and
-200 mm-Hg, preferably between -200 mm-HG and -300 mm- Hg, more preferably between -
400 mm-HG and -500 mm-Hg, and more preferably between -600 mm-HG and -700 mm-Hg;
and it may cause direction of fluid displacement of the pump to be reversed thereby increasing

the pressure measured, and unloading a clot.

DETAILED DESCRIPTION OF THE INVENTION

Brief Description of the Drawings

The invention will be more clearly understood from the following description of some
embodiments thereof, given by way of example only with reference to the accompanying
drawings in which:-

Fig. 1is a schematic cross-sectional view of a distal end of a catheter;

Fig. 2 is a cross-sectional view of a catheter wall portion having varying depths of

corrugation;

Fig. 3 illustrates an outer surface of the catheter shown in Fig. 1;

Fig. 4 is a cross-sectional view of the full catheter shown in Fig. 1;

Fig. 5 is a schematic cross-sectional view of a catheter wall portion having an outer

tubular layer bonded with an inner tubular layer;
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Fig. 6 is a schematic cross-sectional view of a transition between a distal wall portion and

a proximal wall portion;

Fig. 7 is a schematic cross-sectional view of another transition between a distal wall

portion and a proximal wall portion;

Fig. 8 shows force measured at a lmm displacement in a 3-point bend test of a
conventional catheter design (0. 80A urethane jacket over a 0.005in NiTi coil over on a

0.00lin PTFE Liner), and highly flexible corrugated ePTFE design;
Fig. 9 shows behaviour of a conventional catheter under compression when pushed
against restriction, and Fig. 10 shows behaviour of a corrugated catheter under

compression when pushed against a restriction;

Fig. 11 shows in a catheter use of progressively more flexible (or less “pushable™)

sections of catheter wall within the distal tip, distally of a proximal portion;

Fig. 12 is a section through an outer wall having a corrugated surface, with an inner liner;

Figs. 13 shows a section through a catheter in which the inner liner terminates before the

of the catheter

Fig. 14 shows a cross section of the catheter where the helical support is not exposed to

the inner lumen of the catheter.

Fig. 15 show further constructional details of catheter walls to achieve desired flexibility

at the proximal and distal portions;
Fig. 16 shows an outer tubular layer added to the outside of the corrugated structure
which embeds the helical support to further increase the stiffness of a section of the

catheter proximally of the distal end;

Fig. 17 shows steps for manufacture of a corrugated polymer jacketed catheter section;
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Fig. 18 shows a catheter portion with a liner, a coil and inner and outer tubular layers

respectively and in-fill for increased stiffness;

Fig. 19 shows both the inner and outer tubular layer thickness being increased; in this

instance the coil may be floating or constrained between the outer layer and inner liner;

Fig. 20 shows a catheter portion having a liner, an outer jacket layer underneath a coil,
and two layers outside the coil; in this instance the coil may be floating or constrained in

the jacket material;

Fig. 21 shows, in order to achieve a controlled change in stiffness of the distal tip,
multiple layers being overlapped to achieve a precise level of stiffness; in this instance

the coil may be floating or constrained in the jacket material;

Fig. 22 is a plot showing results of 3-point bend tests to evaluate stiffness;

Fig. 23 shows the distal-most end of the distal portion finished by inverting an inner liner
over the helical support to form a continuous element; in this instance the coil may be

floating or constrained in the jacket material;

Fig. 24 shows a distal portion in which softness is improved by extending inner and outer
tubular layers beyond the last coil of the helical support; in this instance the coil may be

floating or constrained in the jacket material;

Figs. 25A and 25B show further examples of catheter arrangements in which an inner
liner is inverted to return as a continuous element; in this instance the coil may be

floating or constrained in the jacket material;

Fig. 26 shows in a catheter having a proximal end and an intermediate portion an inner
tubular layer of ePTFE material extending along the entire length of the catheter

including a distal end, where it is bent back to be continuous;
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Fig. 27 shows the inner tubular layer being of ePTFE in a distal portion and of PTFE in a
more proximal portion of the catheter; a butt joint is used in which the proximal liner is

concentric within the distal liner;

Fig. 28 shows the proximal region of rib and recess corrugation having an outer tubular
layer comprised of a polymer material and a distal liner transitioning to different material;

alap joint is used in which the distal liner is concentric within the proximal liner;

Fig. 29 shows that for a distance the ePTFE is concentric within the PTFE;

Fig. 30 shows a further arrangement of a helical support in the jacket in which the helical
support is comprised of a tubular layer of Nitinol or other material over a radiopaque

material such as Platinum; in this instance the coil may be floating or embedded;

Fig. 31 shows catheters with radiopaque markers at various positions along its length;

Fig. 32 is a series of diagrams showing a typical prior art setup of a balloon guide

catheter in a thrombectomy procedure to provide proximal flow occlusion;

Fig. 33 shows a balloon catheter with an enhanced flexibility section on the distal tip, and
Fig. 34 is a diagram showing layers and lumens of a dual lumen balloon of the catheter of

Fig. 33;

Figs. 35 and 36 show corrugated tube tips for enhanced flexibility;

Fig. 37 left image shows an Angiogram demonstrating the external carotid, common
carotid and internal carotid artery (ICA), including the C1 and C2 segments, and right

image shows acceptable positioning of the balloon;

Fig. 38 shows the proximal and distal shaft having the same outer diameter, and the
proximal shaft having two concentric lumens, in which the central lumen diameter is less

than that of the flexible distal tip;
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Fig. 39 shows a catheter with a balloon and a distal portion having a smaller outer

diameter than the proximal portion;

Fig. 40 shows a catheter with a non-corrugated proximal region of the distal section;

Fig. 41 shows a catheter device with a radiopaque marker at the distal end of the flexible

distal tip;

Fig. 42 shows a mother and daughter catheter arrangement wherein the larger catheter is
used to occlude inflow to the target vessel, while the smaller catheter is used to retrieve

the clot;

Fig. 43, left diagram, shows the use of a small catheter unable to reach a distal target
vessel (right) during delivery of a drug or embolic and the resulting undesired delivery to
a non-target vessel (top left vessel); and the right hand diagram shows a method wherein
a highly flexible large diameter catheter is chosen to effectively occlude the target vessel,
and can be placed beyond the non-target vessel, so delivery of the embolic only occurs to

the target vessel; it is preferable that the catheter is wedged in the target vessel;

Figs. 44(a) to 44(e) are schematic diagrams outlining relationship between pressure in the

catheter lumen, and the clot behaviour, during aspiration;

Fig. 45 shows a setup used for aspiration of a clot or other material from the body using a

pump;

Fig. 46 is a flow diagram showing steps including pressure monitoring to establish

whether the pump should apply vacuum or pressurize during the aspiration procedure;

Figs. 47(a) to 47(n) are diagrams illustrating operation of the clot removal device in

various examples;

Figs. 48(a) to 48(c) show varying pressure signals between two vacuum levels;

Fig. 49 is a flow diagram showing method steps for positive oscillation or shake signals;
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Figs. 50(a) and 50(b) are plots showing shake signals;

Figs. 51 (a) and 51(b) are a flow diagram and an associated plot for vacuum and positive

oscillation;

Figs. 52(a) and 52(b) are a flow diagram and an associated plot for positive and negative

modulation of aspiration; and

Figs. 53(a) and 53(b) are images of a pump and its components, including a housing, a
connecting tube, an on-off switch, a battery pack, a pulsatile pump, and a motherboard, in
which the pressure sensor is connected to the tube (or “lumen’), which is connected to

the catheter, thereby enabling pressure measurement within the catheter.

Description_of the Embodiments

Various embodiments are depicted in the accompanying drawings for illustrative purposes, and
should in no way be interpreted as limiting the scope of the embodiments. Furthermore, various
features of different disclosed embodiments can be combined to form additional embodiments,

which are part of this disclosure.

Terminology

“Jacket” is the wall of the catheter, and these terms are interchangeable. It may be corrugated in
all or some regions along the length (longitudinal direction). It may include any or all of a
helical support (or “coil”’) surrounded by jacket material, and an inner liner. The inner liner,
where present, defines the lumen, but otherwise the other jacket material defines the lumen. A

liner where present, may be terminated at some location in the catheter.
“Tubular layer” is a layer of material of the jacket.
“Pushability” is understood as the transfer of force and/or displacement applied at a proximal

portion of a catheter, along a length of the catheter, to a more distal portion of the catheter. The

higher the flexural stiffness the greater the pushability.
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“Corrugate” is a rib and recess geometry on the outer surface of the catheter, most often in a

spiral pattern.

“Distal” means further from a clinician in use, closer to a catheter tip in the longitudinal

direction, and “proximal” means closer to the clinician.

Description_of the Embodiments

Fig, 1 illustrates an embodiment of a highly flexible, kink resistant catheter 1. The catheter 1
includes a distal portion 3, a proximal portion 2, a central lumen 5 and a reinforcing structure
such as a helical support 6 that runs the length of the catheter. The proximal portion and/or a
transition between the distal portion and the proximal portion can in various embodiments
include any of the corresponding features of the catheters described in U.S. Application No.
15/647,763, filed July 12, 2017, titled “HIGH FLEXIBILITY, KINK RESISTANT CATHETER
SHAFT,” which is attached in the Appendix. The inner tubular layer and/or the outer tubular
layer can include PTFE, ePTFE, electrospun PTFE, silicone, latex, TecoThane, nylon, PET,
Carbothane (Bionate), SIBS, Tecoflex, Pellethane, PGLA, or Kynar, Polyethylene and cyclic
olefin copolymers, PEEK.

The inner and outer tubular layers (Fig. 1) in at least the distal portion can be formed from a
single section of material or a number different sections of similar or different material. In this
embodiment the outer tubular layer 11 of the distal portion is formed from a polyurethane (e.g.

Pellethane 80AE) and the inner tubular layer 5 is formed from ePTFE and/or PTFE.

In this case the catheter jacket comprises an inner liner 5 and an outer tubular later 11 with a
helical support 6. The highly flexible distal portion 3 (left side) of the catheter is created by
forming corrugations 15 into the outer surface of the outer tubular layer 11. The helical support
6 is encapsulated between the corrugations of the outer tubular layer 11 and the outside of the
smooth inner tubular layer 5 as shown in Fig. 1. The formation of a corrugated wall structure
during bending provides flexibility while reducing the likelihood of kinking. The corrugated
outer surface can also decrease resistance when the outer surface of the catheter contacts a vessel
wall. The depth of the corrugations may be tailored to provide a desired variation in stiffness

along the length of the catheter as shown in Fig. 2.
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As shown in Fig. 1 a parameter “D” is depth of a corrugation and a parameter “W” is the width
of a corrugation. The width is not the distance from peak to peak, rather it is the effective width
of the valley. In effect for many embodiments this is provided during manufacture by tightening
a cinch wire around a tubular layer, heat treating, and removing the cinch wire to provide the
corrugated surface. The width W it approximately the diameter of the cinch wire in this case.
The depth D is not necessarily uniform because the pressure applied by the cinch wire may vary
along the length of the catheter thereby forming deeper indentations in some locations than in

others.

Fig. 2 shows a cross section through a wall of a catheter tip 50, having an inner layer 51, a
helical coil support structure 52, an outer layer 53 with a corrugated surface 53. The depth A of
the corrugations on the left hand side is greater than the depth B on the right hand side. The
section with the lower corrugation depth B may function as a transition region before a tip (left

hand side) with more flexibility.

In the examples of Figs. 1 and 3 the coil is embedded in the jacket; being constrained from

movement relative to the surrounding jacket material.

Additionally, pitch, or corrugation width variations may be used to control the flexibility locally
in the corrugated region. Also, flexibility may be set during manufacture by choosing some
length of the coil to be embedded in the jacket or to be floating, the region with the floating coil
being more flexible. Where the coil is floating it is in the context of the jacket tubular layers
being attached in the spaces between corrugation rubs, such as ajacket tubular layer to an inner

liner.

The outer tubular layer can extend at least a length of the highly flexible distal portion or extend
beyond the distal portion for some distance along the proximal (midsection) length or extend the
entire length of the catheter as shown in Figs. 3 and 4 (which shows the catheter of Fig. 1 in its
full length). Extending the outer tubular layer at least some length beyond the highly flexible
distal portion of the catheter allows for a controlled stiffness transition between the distal and
proximal portions of the catheter and for the formation of a robust joint between the outer tubular
layer and any additional outer jacket materials. Again, flexibility may be set during manufacture
by choosing some length of the coil to be embedded in the jacket or to be floating, as is the case

for any of the embodiments described with reference to Figs. 3 or 4.
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To form the corrugations in a tubular membrane, the membrane can first be positioned over the
helical reinforcing structure. On the application of heat, the outer tubular membrane will reflow
such that it forms around the helical structure. A tensioned wire can then be wound around the
outside of the tubular membrane such that it forces portions of the membrane into the grooves
between each loop of the supporting helical structure. The tubular membrane can then be heat
set to fix the corrugations in place. After this process the tensioned wire may be unwound

leaving eh corrugations behind.

The inner tubular layer can extend into the proximal portion of the catheter to provide an
uninterrupted lumen and to join or improve the joint strength between the highly flexible distal
portion of the catheter and the proximal portion of the catheter. The diameter of the inner
tubular layer can be constant (e.g. smooth surface). The inner tubular layer may form at least
part of or the entirety of the liner as shown in Figure 4. The inner tubular layer can be made

from a low friction material such as ePTFE or PTFE.

As explained above, the outer tubular layer of at least the distal portion is formed from a
polyurethane (e.g. Pellethane 80AE) and the inner tubular layer is formed from an ePTFE and/or
PTFE liner. It is necessary to attach these layers together and this is not easily achieved as

fluoropolymers do not form strong bonds with other materials.

To facilitate bonding between fluoropolymers (e.g. ePTFE and PTFE) and between
fluoropolymers and other polymers such as polyurethanes (e.g. Pellethane) the outer or bonding
surface of the fluoropolymer(s) may be chemically treated using a sodium-based etching solution
such as FluoroEtch. The etching solution removes fluorine atoms from the surface of the

fluoropolymer and prepares it for bonding.

The etched fluoropolymer can then be coated with a thin layer of urethane, such as ChronoFlex.
On the application of heat, this thin ChronoFlex layer flows and acts to tie the fluoropolymer to a
second etched fluoropolymer layer or to a different polymer layer as shown in Fig. 5. This

embeds the coil.

This diagram shows part of the cross-section of a catheter at its distal portion 150. This includes

a liner 151 of ePTFE or PTFE, a tie layer 152 of urethane or FEP tape or FEP powder. Also,

Penumbra, Inc., Ex. 1031, Page 331 of 776
Penumbra, Inc. v. RapidPulse, Inc.



10

15

20

25

30

WO 2019/115809 _14 - PCT/EP2018/085064

there is a Nitinol™ coil 153 in an outer jacket 154 of ePTFE, or urethane material. The nitinol
coil 153 is encapsulated between the outer tubular corrugated layer and the smooth inner tubular
layer 151. The tie layer 151 serves the purpose of attaching the liner 151 to the outer jacket
material. If the liner is of ePTFE material then it will need to be etched to strip the fluorine

atoms so that it will form a better bond with the tie layer.

Again, flexibility may be set during manufacture by choosing some length of the coil to be
embedded in the jacket or to be floating, as is the case for any of the embodiments described

below with reference to Figs. 6 and 7.

The ChronoFlex™ tie-layer 152 is so thin it does not cause any significant change in wall
thickness. An alternative form of tie-layer involves the use of FEP. The fluoropolymer may be
sputter coated with a FEP powder which under heat and pressure forms a bond between the
coated fluoropolymer layer and a second layer. An ultra-thin FEP tape may also be used in the

same application.

The helical support is encapsulated between the corrugations of the outer tubular layer and the
smooth inner tubular layer as shown in Fig. 5. The inner tubular layer and the outer tubular layer
are bonded together in the space between the adjacent loops of the helical support by such
mechanisms as a tie-layer. The helical support is bonded within the helical channel formed by
the corrugated outer tubular layer, i.e., the helical support is molecularly or physically attached
to the outer tubular layer. The helical support may also be bonded to the outside surface of the
smooth inner tubular layer. The distal portion of the catheter retains highly flexibility and kink
resistance because of the advantages inherent in a corrugated outer structure and using materials

of appropriate stiffness and thickness.

In the present configuration, the pitch of the helical support may vary over the length of the
catheter to influence the flexural stiffness of the catheter. For example, the helical support could

have a different pitch at the proximal loops compared to the distal loops.

If the outer tubular layer of the distal portion of the catheter is formed from a fluoropolymer such
as ePTFE or PTFE and the outer tubular layer of the proximal portion is formed from a different
polymer then achieving a good bond, especially one that resists delamination during tracking,

can be difficult. This may be overcome by sandwiching the outer layer of the proximal portion

Penumbra, Inc., Ex. 1031, Page 332 of 776
Penumbra, Inc. v. RapidPulse, Inc.



10

15

20

25

30

WO 2019/115809 _15- PCT/EP2018/085064

of the catheter between the inner and outer tubular layers of the distal portion of the catheter as

shown in Fig. 6.

Fig. 6 shows a portion 200 of a catheter, having an inner lumen 201 with a liner, an outer layer
203 of Pellethane 80AE material, and Nitinol coils 206. On the right hand sider the catheter has
a smooth outer surface 203, and distally in a transition section there are corrugations 204 with a
small depth, and more distally deeper corrugations 205 for more flexibility. The arrangement of
having a transition section between proximal and distal sections may be referred to as a

“sandwich arrangement”.

If the inner tubular layer of the distal portion of the catheter is formed from a different material
or different section of material from that of the inner tubular layer of the proximal portion then
the tubular layers can be joined by creating a small slit or window in one tubular layer and
pulling a spliced length of the other tubular layer through it as shown in Fig. 7. The helical

support is then wound around the outside of these layers thus keeping them together.

Fig. 7 shows a catheter section 250 with a proximal end 251, a transition section 252, and a distal

tip 253, and a spliced proximal layer 260 with a window 261.

In various embodiments the helical support is physically attached by being constrained or
embedded in the catheter wall to move with its surrounding wall material. Such embedding
might be achieved at an interface between the coil and solely the jacket material, or combination

of an interface of the jacket material and the inner liner.

The embedding can be achieved by a very tight fit between the coil and the surrounding material.
Generally, there is no gap between the surrounding wall material and the coil. Due to the three-
dimensional geometry of the coil, when within a surrounding material, it is unable to move

independently.

Due to the manufacturing technique in which the material may be moulded around the coil, there
is no play between the coil and jacket, meaning it cannot move independently. That is to say, the

coil is immovable without concurrent movement or deformation the surrounding jacket material.

Penumbra, Inc., Ex. 1031, Page 333 of 776
Penumbra, Inc. v. RapidPulse, Inc.



10

15

20

25

30

35

WO 2019/115809 216 - PCT/EP2018/085064

This lack of play, and tightness of fit means there is an interfacial friction between the coil and
surrounding material, further providing constraint, and meaning the coil and surrounding

material must move together.

In other embodiments, the coil may be floating, that is to say there is not a tight fit between the
material in the jacket and the helical coil. In these instances, there is some play between the
helical support and the jacket. This is particularly the case where the jacket material surrounding
the helical support is comprised of ePTFE. In this instance, even in the presence of a relatively
tight geometric fit, the material is quite supple and may allow movement of the helical support

relative to the ePTFE.

In general, the following are some preferred parameter ranges for aspects of the catheter.

For at least some of the length of the catheter the width of the corrugate is no more than 50% of

the pitch of the corrugate.

For at least some of the length of the catheter the width of the corrugate is between 5% and 49%
of the pitch of the corrugate, and more preferably the width of the corrugate is between 15% and

45% of the pitch of the corrugate.

For at least some of the length of the catheter the width of the corrugate is between 20% and

45% of the pitch of corrugate.

For at least some of the length of the catheter the width of the corrugate is at least 10% of the

jacket thickness.

For at least some of the length of the catheter the width of the corrugate is at least 20% of the

jacket thickness.

At the most distal region of the distal portion the width of the corrugate it at least 60% of the

jacket thickness.

At the most distal region of the distal portion the width of the corrugate it at least 60% of the

wall thickness and the depth of the corrugate is at least 70% of the wall thickness.

The ratio of the width of the corrugate to the depth of the corrugate is at least 0.5 in at least one

region of the catheter
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In the embodiments described below the coil may be either embedded or floating in some or all

regions of the catheter, unless stated otherwise.

Referring again to the construction of the catheter structure, we achieve a catheter with a highly
flexible distal tip, to ensure that a smooth transition in flexural stiffness and pushability is
achieved between the flexible distal portion and the proximal portion of the catheter, which may
be of more conventional construction. A smooth transition prevents areas of stress and strain
concentration within the catheter shaft. Such areas have potential for kinking of the catheter,

delamination of layers of material, and/or of damage to key bonds within the catheter.

Bench testing demonstrates the large difference between the stiffness of a conventional catheter
tip design and a highly flexible corrugated design. Smoothly bridging of this gap presents a

technical challenge.

Fig. 8 shows force measured at a 1 mm displacement in a 3-point bend test of a conventional
catheter design (0. 80A urethane jacket over a 0.005in NiTi coil 0.018in (0.45 mm) pitch over
on a 0.00lin (0.025mm) PTFE Liner), and highly flexible corrugated ePTFE design (inner and
outer 0.002in (0.05 mm) wall ePTFE 0.9g/cm3 density, with a 0.005 in (0.125 mm) NiTi coil,
0.018 in (0.45 mm) pitch.

It should be appreciated that while very good catheter shaft flexibility allows the catheter to
navigate extremely tortuous bends at low force and reduced potential for vessel damage, it can
also lead to some compromise in pushability. For clarity, pushability is understood as the
transfer of force and/or displacement applied at a proximal portion of a catheter, across a length

of the catheter, to a more distal portion.

Catheter flexibility may limit the transfer of a displacement applied at a proximal portion of the
catheter to a distal portion of the catheter. This implies a portion of the displacement is absorbed
through global deformation of the catheter as shown in Fig. 9. Fig. 9 shows behaviour of a
conventional catheter under compression when pushed against restriction. In this instance the
length of the catheter 600 has not changed. In general, it is this type of shortening which occurs

in catheters of conventional construction.
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Fig. 10 shows behaviour of a corrugated catheter 650 under compression when pushed against
restriction. In the case of a corrugated outer jacket with a thin inner and outer tubular layer, the
deformation may be accommodated by the catheter wall. The inner and or outer tubular layers of
the catheter can deform locally, particularly in the recess meaning the overall length is reduced.

Some of the global deformation of the catheter as shown in Fig. 9 would also be expected.

This soft compressive behaviour is advantageous at the distal tip as the catheter tip is limited in
its ability to move forward causing vessel damage or dissection. However, in cases in which the
distal tip is very long, some increased pushability in the proximal portion of the tip may be

preferable to allow the physician to navigate the catheter distally and proximally as intended.

In one configuration one or more regions of varying pushability and flexibility are present within
the catheter tip comprised of one or more of the regions of arib and recess construction. Fig. 11
shows in a catheter 700 use of progressively more flexible or less pushable sections of catheter
wall 701 within the distal tip, distally of a proximal portion 702. In one configuration the most

flexible region is on the distal tip of the catheter.

These regions of increased/decreased pushability/flexural stiffness are achieved by a number of
features such as embedding of the helical support, alterations to the inner and outer tubular layers
(wherein the helical support may or may not be floating between the inner and outer tubular

layers), or the use of an in-fill material.

The change in the stiffness or pushability via the transition region may be gradual change or via
multiple steps. Where it is stepped or gradually changed it may be achieved by having a
particular tubular layer terminated, or by a change to the degree of corrugation or a change in

material.

It is envisaged that any or all of these approaches may combined on some or all of the catheter
shaft. Examples are as follows:
A distal tip in which at least some is of corrugated material which embeds a helical
support, wherein the degree of corrugation is altered progressively proximally to achieve
in increase in stiffness. The most distal region may or may not have a liner. The liner is
ePTFE, transitioning to PTFE in a more proximal region. The most proximal portion

may not be corrugated.
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A distal tip in which at least some is comprised of a floating coil between ePTFE layers
with a corrugated design, wherein the thickness of the ePTFE material increases
progressively, or in steps proximally. This may be achieved by increasing the wall layer
thickness, or by the addition of layers material. The ePTFE liner transitions to PTFE in a

more proximal region. The most proximal portion may not be corrugated.

A distal region may be comprised of a floating coil between ePTFE layers of corrugate
design and more proximally a corrugated embedded portion, and more proximally again
of an un-corrugated portion. The ePTFE liner transitions to PTFE in a more proximal
region. A distal corrugated region may be combined with a more proximal corrugated
region with increasing wall thickness, or the addition of a layer of material to the wall to

increase stiffness. The most proximal portion may not be corrugated.

In one configuration the helical support is embedded by being bonded to the outer jacket, of for
example ePTFE material. This has the effect of stiffening the catheter wall construction, when
compared to a floating helical support, thus reducing the flexibility and increasing the

pushability.

In one configuration, in a catheter portion 750 the helical support 752 is embedded in a matrix
753 of continuous porous flexible material such as ePTFE. The outer wall has corrugated
surface, as shown in Fig. 12. An inner tubular layer, or liner 751, as shown in Fig. 12, may not

be required.

While ePTFE provides a very soft flexible material in the catheter construction it is also
compressible due to its porosity. Furthermore, when used as a thin tubular layer which deforms
easily locally, macro pushability can be compromised if an area of the catheter becomes impeded
particularly if the distal tip meets a resistance. To improve pushability while maintaining high
flexibility, an incompressible flexible material may be used for embedding instead of a porous
material such as ePTFE. This means it can accommodate deformation more readily than

materials which are not porous.

The corrugations allow localised deformation, while a region of continuous incompressible
material ensures the efficient transfer of axial force and displacement along the length of the

catheter. By reducing the depth of the corrugations, and correspondingly increasing the
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thickness of the continuous material, the pushability of the catheter can be increased, while the

flexibility is reduced. This may be described as a corrugated jacket design.

In one embodiment the inner tubular layer is comprised of ePTFE. In one configuration the
helical support is transposed from the inner liner such that it is not exposed to the liner. This is
to prevent movement or debonding of the helical support, and to prevent it placing local stress or
strain on the liner of the catheter. The corrugation geometry may be of semi-circular, U-shaped

groove, V-shaped, or square groove.

In one configuration the width of the corrugate at the surface of the catheter is at least 5% of the
wall thickness of the wall. Preferably, in at least one section the width of the corrugate at the
surface of the catheter is at least 10% of the wall thickness at the wall. Preferably, in at least one
region of the distal tip, the width of the corrugate at the surface of the catheter is at least 30% of

the wall thickness at the wall.

In one embodiment the corrugate depth is between 5% and 95% of the catheter wall thickness.
In one configuration the corrugate depth is at least 20% of the catheter wall thickness in at least

one section of the catheter.

In one embodiment, the corrugate depth varies along the corrugated region of the catheter from a
larger depth distally to smaller depth proximally. In one embodiment, the corrugate width varies
along the corrugated region of the catheter from a larger depth distally to smaller depth
proximally. In another embodiment, the corrugate depth varies from a larger depth distally to
smaller depth proximally, while the width is substantially constant along the length of the

corrugated section of the catheter.

In one embodiment the corrugate represents the impression of a circular helical wire wound from
a depth and width of no impression, i.e. no corrugate, to a depth of at least 50% of the wall
thickness. It should be appreciated in that instance that the width of the corrugate is varying
from O to a maximum width equivalent to the diameter of the helical wire, or impression which

remains following removal of the helical wire.

It should be appreciated that a tensile force on the wound cinch helical wire is required to create

the corrugations. For example, a 0.005in 304 Stainless Steel circular cross section wire at 1IN
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tension wound at a force 1N, on an 0.006in wall thickness 80A jacket with an ID of 0.088in will
achieve a 10-20% depth of corrugation. Increasing the tension to IN tension wound at a force
7N will achieve a 40-70% depth of corrugation. Varying levels of force will induce different
degrees of corrugation. It should be appreciated that corrugations of high depth D as shown in
Fig. 1 will allow the catheter section to flex at a relatively low force. This is because the global

bending of the catheter is actually concentrated within the recess of the corrugate.

However, if the corrugation has a very low width, even very deep and numerous corrugations
will have a limit to the degree of bending the catheter can accommodate. This is because
adjacent corrugations will start to touch one another. Therefore, the flexural stiffness will be low
until the adjacent corrugations contact one another, or “bottom-out”, at which point the flexure
stiffness will increase. Bending will then be accommodated by deformation of the rest of the

catheter wall (and no longer primarily within the recesses)

This bottoming-out means the catheter shaft has a lower limit of bend-radius which it can
achieve via deformation within the recess. Further bending deformation beyond the bottoming-
out limit is achievable but is not accommodated by deformation at the recess of the corrugation;
it is accommodated by pressing adjacent corrugations against one another. This is generally at a
very high force compared to the deformation which occurs at lower bend radii while the

deformation is focused in the recess.

The width of the corrugate should be controlled so as to be large enough to accommodate
sufficient deformation within the recess to reach the desired lower limit of bend-radius at
relatively low force of bending. This is important as physicians generally wish to be able to
navigate catheters at low forces so that the potential for vessel damage is reduced, and the

catheters are not deforming the vessels in order to travel forward.

While the width and depth of the corrugation contribute to the flexural stiffness of the catheter,
the width can dominate the lower limit of bend-radius to which the catheter can deform.

Accordingly a larger corrugate width enables a lower bend radius at a low force of bending.

Consider the example of an 0.088in ID (2.2 mm/catheter with a wall thickness of Qoo6in (0.15
mm) with an 0.005in (0.125 mm) diameter Nitinol helical support of 0.018in pitch embedded in
80A, over an ePTFE Liner. A sample with a 0.004in (O.Imm) corrugate width and 0.006in
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corrugate depth will yield a force in 3pt bending of 0.05N at Imm deflection, and a bottom out
bend radius of Smm. A sample with a 0.007in (0.175) corrugate width and 0.006in corrugate

depth will yield a similar force in 3pt bending but bottom out bend radius of 3.5mm.

In order to allow a large catheter to enter the cerebral vessels safely, and to accommodate lower
radii bends such as those of the carotid siphon, the width of the corrugate should be of a

minimum value relative to the pitch and or wall thickness.

In one embodiment the width of the corrugate is no more than 50% of the pitch of the corrugate
(same as the pitch of the helical support). Preferably the width of the corrugate is between 5%
and 49% of the pitch of the corrugate. More preferably the width of the corrugate is between
15% and 45% of the corrugate. More preferably the width of the corrugate is between 20% and

45% of the corrugate.

In one embodiment the width of the corrugate is at least 10% of the wall thickness. Preferably
the width of the corrugate is at least 20% of the wall thickness. In one embodiment at the most

distal section of the tip the width of the corrugate it at least 60% of the wall thickness.

In one embodiment at the most distal section of the tip the width of the corrugate it at least 60%

of the wall thickness and the depth of the corrugate is at least 70% of the wall thickness.

In another embodiment the corrugate represents the impression of a circular helical wire wound
from a depth and width of no impression, i.e. no corrugate, to a depth of at least 70% of the wall

thickness.

In one configuration, the inner tubular layer (liner) terminates in a region proximal to the distal
end of the catheter. This will further reduce the stiffness of the catheter for a corrugated or
uncorrugated configuration. In this instance, particularly in the case wherein the catheter wall is
comprised of a material such as a silicone, urethane or pebax, the region without a liner may be
tacky. In one embodiment the region of inner lumen of the catheter without a liner has
hydrophilic or hydrophobic coating to improve lubricity. This is shown in Fig. 13 for a catheter
portion 760 having a helical support 761 embedded in an outer jacket 762, and in which an inner

liner 763 extends for part of this length but terminates before the distal end (left side).
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In one embodiment the un-lined section is at least lem in length, preferably at least 2 cm in
length. The termination of the liner is advantageous in allowing a more flexible section of the
catheter. However, this can also form a sudden change in flexural stiffness and potential location
for kinking or high stress or strain. This may be managed using a change in corrugation
parameters, or by skiving the liner. In another embodiment, the termination of the liner is a

skive, or angular cut.

In one configuration a section of the un-lined jacket material adjacent to the liner proximally is
less corrugated than the section of unlined jacket distally and proximally. This may be achieved
by decreasing the depth of the corrugation. In another configuration a corrugated section of the
lined jacket adjacent to the unlined jacket has a longer pitch than the section of unlined jacket

distally and proximally.

In one configuration the helical support is transposed from the inner liner such that it is not
exposed to the inner lumen of the catheter as shown in Fig. 14, having a helical support 771 in an
outer jacket 772. This is to prevent pop-out the helical support into the catheter lumen during
bend of the catheter. In one embodiment the distance from the inner lumen to the helical support

is at least 0.005mm.

Referring to Fig. 15, in a catheter portion 780 there is a helical support 781, and an outer jacket
782 and an inner liner 783. The outer jacket 783 has a proximal part 784 without corrugations,
distal part 785 with corrugations. The inner liner 783 terminates proximally of the distal end at
786. This is an example of a configuration n which the most distal section of the distal tip is
comprised of a corrugated jacket without a liner, a more proximal section is corrugated and
contains a liner, at least one section even more proximally is more corrugated, and at least one
section even more proximally again is un-corrugated. In one embodiment all sections of the
jacket are of the same material durometer. In one embodiment the material is urethane of
durometer 80A. In another embodiment more proximal jackets are of a stiffer urethane or pebax
are present. The liner is comprised of ePTFE. In a more proximal section of the shaft, the liner
may transition to PTFE. In one embodiment this transition takes place in a more stiff durometer

material than that of the jacket of the corrugated distal tip.

In one embodiment, a catheter portion 800 has a liner 751, a helical support 752, and an outer

jacket 753 as for the catheter portion 750. However, in this case there is an outer tubular layer
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801 added to the outside of the corrugated structure which embeds the helical support to further
increase the stiffness of a section of the catheter proximally of the distal end, as shown in Fig.
16. This layer may be of the same or different material as the material used to encapsulate the
helical support. Materials of higher stiffness such as PET or Nylon pr PEEK or other polymer
can be used in this instance without significantly adding to the profile. In one embodiment a
layer of PET is added which has a thickness of 0.05 mm or less, preferably 0.025 or less, and

more preferably 0.0125 mm or less.

In order to manufacture a corrugated polymer jacketed catheter section a number of approaches

may be taken. The following steps may be used as shown in Fig. 17:

A conventional catheter construction containing a coil 752 embedded within a polymer
jacket 753 is bonded to a PTFE liner 751 is built to form a base assembly.

An outer liner 811 which will not bond to the polymer jacket is then placed over the
jacketed coil. Fluoro polymers of high flexibility such as FEP or PTFE or more
preferably ePTFE may be used.

A wire 810 is wound in a helix onto the outside of the outer liner under tension imparting
a corrugate geometry on the construction. This may be termed a “cinch wire”

The construction is heated to reflow or anneal the material, setting it into the corrugate
geometry

The assembly is cooled

The cinch wire 810 is removed

The outer liner 811 is peeled off the assembly to complete the process.

An in-fill material may also be used to manage flexibility and increase pushability, and where it
is used it embeds the coil. Fig. 18 shows a catheter portion 850 with a liner 851, a coil 852 and

inner and outer tubular layers 853 and 854 respectively and in-fill for increased stiffness

In one embodiment the material is used only to partially fill the space around the helical support
as shown in Fig. 18. In another embodiment the in-fill material completely fills the helical
channel around the helical support between the inner and outer tubular layers. In yet another
embodiment the in-fill material is melted to form a layer of material on all surfaces within the

helical channel.

In one embodiment the outer and inner tubular layer are comprised of ePTFE or PTFE, and the

in-fill material is PET, PEEK or FEP
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The helical channel may be formed using a helically wound wire (cinch wire) placed temporarily
on the outside of the outer tubular layer. To permanently form the helical channel, the
construction may then be heated such that the in-fill layer melts to flow between the helical
support, the outer tubular layer, and the inner tubular layer. Upon cooling and removal of the
helically wound cinch wire on the outer tubular layer, the corrugate configuration is maintained,

and an adhesive chemical bond is achieved between the components via the in-fill material.

In one configuration the in-fill material may be a polyurethane, pebax, PET, silicone, latex,
TecoThane, Nylon, PET, Carbothane, SIBS, Tecoflex, Pellethane, PGLA or Kynar, Polyethylene
and cyclic olefin copolymers, PEEK.

In one configuration the inner tubular layer and outer tubular layer of ePTFE are bonded to one
another via sintering. It must be appreciated that in the case of a fluoropolymer, and in particular
ePTFE or PTFE for use as the inner and outer tubular layers, the temperature required for the
sintering can exceed 500°C. In this instance it may be preferable to use materials for in-fill with
a high processing and degradation temperatures such as PET, FEP, or PEEK. Other materials

such as urethane or pebax will degrade at lower temperature and are not suitable.

As PET is arelatively stiff material it can be introduced in small volumes to stiffen the corrugate
structure without significant impact on catheter profile or completely filling of the helical

channel. This may provide regions of floating and of embedded coil.

In one configuration an increase in the pushability or stiffness is achieved by changing the
thickness of one or both of the tubular layers. An increase in thickness increases the intrinsic
stiffness of the wall. It also means a reduction in the available space for localised material
bending and deformation. Therefore, the flexibility may be reduced. Furthermore, as the
thickness increases the axial cross-sectional area along the axis of transmission of force and

displacement along the catheter increases.

In one embodiment, both the inner and outer tubular layer thickness are increased, as shown in
Fig. 19 for the catheter portion 950 as compared to the catheter portion 900. In the catheter
portion 900 there is an inner liner 901, a coil 902 and an outer tubular layer 903. In the catheter

portion 950 there is a thicker inner liner 951, a coil 952, and a thicker outer tubular layer 953. In
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another embodiment the inner tubular layer thickness alone is increased. In yet another

embodiment the outer tubular layer thickness alone is increased.

In another configuration the total outer tubular wall thickness may be altered by the addition of
one or more layers of the same material. Referring to Fig. 20 a catheter portion 1000 has a liner
1001, an outer jacket layer 1002 underneath a coil 1005, and two layers 1003 and 1004 outside
the coil 1005.

The total inner tubular layer wall thickness may be increased by the addition of one or more
layers. These layers may be of the same or different materials. In the case of ePTFE, the
combined thickness of the inner tubular layers in an unconstrained configuration may be between

0.025 mm to 0.3 mm, preferably between 0.05 mm and 0.2 mm.

In one configuration the inner and outer tubular layers are comprised of multiple layers of
ePTFE, wherein there is at least one layer between an outer tubular layer and an inner tubular
layer. The total thickness of (for example, ePTFE) tubular layers which are comprised of one or
more layers may be between 0.025 mm to 0.3 mm, preferably between 0.05 mm and 0.2 mm.

The density of the material (again, such as ePTFE) may be approximately 0.9g/cm’

. Increasing
or decreasing the density of the material will necessitate a bigger or smaller wall thickness to

achieve the same effect.

In another embodiment the inner tubular layer thickness is constant along the length of the tip,
but the outer tubular layer thickness is larger in at least one region. In another embodiment the

outer tubular layer thickness is increased proximally at least once along the length of the catheter

tip.

In order to achieve a controlled change in stiffness of the distal tip, multiple layers may be
overlapped to achieve a precise level of stiffness as shown in Fig. 2 1 in which an additional outer
layer 1010 is present for part of this catheter portion. This principle may be used for any number
of layers, to achieve a desired variation in stiffness. Similarly, single thicker layers may be used

proximally, connected to a thinner layer more distally to achieve the same effect.

In one embodiment the tip has one outer tubular layer of 0.025 mm to 0.075 mm across the
length of the tip. A second additional outer tubular layer of thickness 0.025 mm to 0.075 mm is

present in a region more proximally. A third additional outer tubular layer of thickness 0.025 to
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0.075 mm is present in a region even more proximally. A fourth additional layer of thickness

0.025 to 0.075 mm is present in a region even more proximally.

In one embodiment the distal tip comprises an outer tubular layer of 0.05 mm across the length
of the tip. A second additional outer tubular layer of thickness 0.05 mm is present in a region
more proximally. A third additional outer tubular layer of thickness 0.05 mm is present in a
region even more proximally. A fourth additional layer of thickness 0.05 mm is present in a

region even more proximally.

In one configuration the tubular layers are bonded to one another. The bond may be present
across the entire interface of the tubular layers. Alternatively, the bond may only be present at
recesses of the corrugations, in the area where the inner and outer tubular layer are in contact. In
yet another embodiment, the bond is present between the layers at the rib and recess regions of
the corrugations. In another embodiment the material of the inner or outer tubular layer may be

changed to one with a higher stiffness to increase the stiffness of the wall.

It should be noted that some variation in the thickness of the tubular layers may be present
locally following bonding of inner and outer tubular layers, or their constituent layers, due to the
use of local compression (pressure) to ensure a strong bond between tubular layers. This is
particularly so with ePTFE because it is a porous compressible material. This localised

compression may reduce the wall thickness in that area.

To evaluate a subset of the embodiments described above, 8F catheter samples of inner diameter
0.088in were built and tested in a Three Point Bend Test. The force at a Imm displacement was
measured using a SON Load Cell on a Zwick Roel tensile test machine. The distance between
the supports was 20mm. Clear changes in stiffness were achievable using the various

configurations outlined above.

It can be appreciated that the embodiments described above can be used to alter the stiffness of
the catheter wall as desired. For comparison, a 6F Microvention Sofia Plus catheter indicated for
use in neurovasculature is included. Fig. 22 shows results of 3-point bend tests to evaluate

stiffness of various embodiments described above.
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In the neurovasculature, when entering delicate vessels such as Ml, M2, ICA, vertebral and
basilar arteries, an atraumatic tip of critical importance. It is preferable that the distal tip has a
minimum length of its most flexible section such that the catheter tip will deflect or absorb

deformation rather than causing vessel damage.

In one embodiment the distal and flexible sections of the catheter of corrugate rib and recess
design is a minimum of lecm in length and is comprised of inner and outer tubular layers in a
corrugate configuration, with a floating helical support within a helical channel. 1In one
embodiment for an 8F catheter distal tip, the force in 3-point bend test, for a span of 20mm, at

Imm deflection, should not exceed 0.1N.

As shown in Fig. 23, in one configuration, the distal-most end 1050 of the distal portion is
finished by inverting an inner tubular layer 1051 over the helical support to form a continuous

element.

Referring to Fig. 24, in another embodiment, in a distal end 1060 the softness of the distal tip end
is improved by extending inner and outer tubular layers 1061 and 1062 beyond the last coil of

the helical support.

As shown in Fig. 25A, in a distal portion 1070 an inner tubular layer 1071 is inverted at the distal
end 1072 to return as a continuous element. Inner and outer tubular layer are comprised of the
same piece of material and are continuous. An extension of ePTFE at the end 1072 of the
corrugated section is present to improve tip softness. Preferably, an extension beyond the last
coil is between 0.5 and 5.0 mm. More preferably the extension beyond the last coil is between
1.0 and 0.3 mm. The distal portion 1070 also has an outer tubular layer 1073 terminating before
th distal end 1072, and a concentric further outer tubular layer 1074 around the layer 1073 for
part of the length of the layer 1073. This staggered overlapping arrangement provides a

transition portion with stepped changes in flexural stiffness.

Fig. 25B shows a catheter distal portion 1080 with an inner liner 1081 which extends out at the
distal tip to form an extension. In this case there are also overlapping staggered outer tubular

layers 1083 and 1084.

Penumbra, Inc., Ex. 1031, Page 346 of 776
Penumbra, Inc. v. RapidPulse, Inc.



10

15

20

25

30

35

WO 2019/115809 _29._ PCT/EP2018/085064

In the catheter 1070 two or more layers are achieved by using the same piece of material inverted
and returned along the length or a portion of the catheter. In one instance two pieces of ePTFE

are used to achieve one inner tubular layer, and three outer corrugated tubular layers.

In the catheter 1080 additional layers are added discretely. In another embodiment, a
combination of inverted continuous layers and discrete layers is used. The proximal portion of

the catheter (shown un-corrugated) may be corrugated or un-corrugated.

PTFE material is a relatively stiff material compared to eTPFE and so is therefore preferable to
avoid the use of PTFE as an inner tubular layer (liner) particularly in areas which will be subject
to significant bending during passage through tortuous vessels. In one embodiment, as shown in
Fig. 26 , in a catheter 1100 having a proximal end 1101 and an intermediate portion 1102 an
inner tubular layer is of ePTFE material and this extends along the entire length of the catheter

including a distal end 1103, where it is bent back to be continuous with the outer tubular layer.

In one configuration, the inner tubular layer is ePTFE in a distal portion and PTFE in a more
proximal portion of the catheter as shown in Fig. 27 for a catheter 1150 having a proximal end
1151, an intermediate portion 1152, a distal portion 1153. There is a transition region 1154 in
which the outer jacket alayer is merged into and joined with an outer jacket of PTFE material in
the intermediate portion and the transition region. The transition from ePTFE to PTFE may be
achieved by a “butt” joint, in which the inner tubular layers of PTFE and ePTFE are in contact

without overlap.

In another embodiment, a transition from inner tubular layer of ePTFE to PTFE occurs in a
region of the catheter which is not subject to significant bending during use. In one
configuration the device dimensions are suitable for placement in the neurovasculature,
including M2, M1 and distal internal carotid arteries. Preferably, the transition from ePTFE to
PTFE occurs proximal to the petrous segment of the ICA. In one configuration, the transition
from an ePTFE to PTFE inner tubular layer occurs between 3 and 40cm from the distal end of
the catheter, preferably between 5 and 30cm from the distal end, and more preferably at least

10cm from the distal end.

In one configuration, the transition from inner tubular layer of ePTFE to PTFE occurs in a region

proximal to a region of the catheter of rib and corrugation recess. In another configuration the
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transition from inner tubular layer of ePTFE to PTFE occurs proximal to the most flexible region
of arib and recess corrugate design, but still within a region of stiffer rib and recess corrugate

design.

In one embodiment the proximal region of rib and recess corrugate has an outer tubular layer
comprised of a polymer material, as shown in Fig. 28. In one configuration the polymer material
is a urethane or pebax. In one embodiment the polymer material is 80A urethane. Fig. 40 shows
a catheter 1200 having a proximal end 1201, an intermediate portion 1202, a distal portion 1203,
and a transition region 1204. An ePTFE inner tubular layer (liner) 1207 transitions to a PTFE
jacket 1205 in the intermediate portion within a corrugated section of the distal tip. A lap joint is

used in which the PTFE tubular layer 1208 is concentric within the ePTFE tubular layer 1207.

In another embodiment the transition from ePTFE to PTFE may be achieved via a “lap” joint
wherein there is overlap of the tubular layers of ePTFE and PTFE. In one configuration the
overlap between the PTFE and ePTFE is between Imm and 30mm in length. The use of an

overlap increases the area of interface for bonding thus improving the bond strength.

In one instance for a distance the ePTFE is concentric within the PTFE, as shown in Fig. 29. In
this diagram a catheter 1250 has a proximal end 1251, and intermediate portion 1252, and a
distal portion 1253. An inner liner 1260 is bent over at the distal end to form part of the outer
jacket of the distal portion 1253. At a transition region between the intermediate portion 1252
and the distal portion 1253 the inner liner 1260 is within a tube of PTFE material 1261 with an
overlap length of at least 2mm, preferably at least Smm. The tubular layer 1261 extends
proximally within a jacket material 1262 in the intermediate portion 1252. This provides a
configuration with an ePTFE inner tubular layer (liner) transitions to PTFE within a corrugated
section of the distal tip. A lap joint is used in which the ePTFE tubular layer 1260 is concentric
within the ePTFE tubular layer. 1261

In one configuration, a maker comprised of a helical coil of Platinum is present on the distal tip.

In one embodiment, the helical support may be comprised of a radiopaque material such as
Platinum wire. In another embodiment, to leverage the super elastic properties of Nitinol with
radiopacity, the helical support may be comprised of drawn Nitinol tubing filled (such as
Nitinol#l DFT, Fort Wayne Metals) with Platinum or other radiopaque material. This would

allow the physician to observe the distal tip behaviour under x-ray through the procedure. In one
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embodiment the helical support tube is comprised of at least 10% Platinum. Fig. 30 shows such
an arrangement in which a catheter portion 1280 has a radiopaque helical coil 1281 around

which there is a coating 1282, and there is a tubular layer 1283 over the outer jacket.

In one configuration, the radiopacity of the distal tip is further enhanced via a region in which

the helical support pitch is reduced such that an area of greater density of radiopacity is achieved.

Fig. 31 shows catheters with radiopaque markers 1270 at various positions along its length.
Advantages and novel aspects are that allow the physician to ensure that more stiff regions the
catheter are not placed in more delicate region of the vasculature. For example, a proximal
marker at the start of the flexible distal tip can be used to define the region of the proximal
catheter which should not be placed beyond the cervical Cl segment of the internal carotid
artery. An intermediate marker can further be used to differentiate the end of a region of
intermediate flexibility which should not be placed before, within, or beyond the cavernous
segment C4. The region between the intermediate marker and distal marker establishes the
region of highest flexibility which is suitable for placement in the C4-C7 regions of the internal

carotid artery, and more distal vessels.

In one embodiment, in which the device is suitable for placement in the neurovasculature, the
distal flexible tip length is at least 10 cm, and the un-lined distal section is at least 3cm in length.
In another embodiment in which the device is suitable for placement in the peripheral

vasculature, the

Aspiration Device including the Catheter.
A catheter of any example may be used for example for thrombectomy.
Recent clinical data has demonstrated that use of flow arrest using a balloon guide catheter can
improve outcomes during thrombectomy procedures. This is done by:
Reducing flow towards the clot while the balloon is inflated proximal to the clot in the
ICA. Reducing the flow reduces the potential for distal emboli to break off, or be carried
distally, during the clot retrieval using a stentriever or aspiration catheter.
Providing a lumen for aspiration as the clot enters the BGC after it has been captured by a

stentriever or aspiration catheter, and is dragged from the target site.
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The prior art setup of balloon guide catheter in a thrombectomy procedure is shown
schematically in Fig. 32, with a balloon 1300 and a tip 1301. Balloon guide catheters for use in
thrombectomy procedures must facilitate the insertion of a microcatheter, and distal access
catheter. In order to do this, the balloon guide must have an inner diameter in the range of 5F or

greater. Additionally, the catheter typically has an outer diameter in the range of 8F or 9F.

Existing catheter technology, at the dimensions described above, is extremely stiff. This is due
to the catheter materials, design and architecture used. Therefore, the distal tip of the balloon
guide catheter cannot be placed beyond the petrous segment. Excessive stiffness means the
catheter is not flexible enough to track through the tortuosity of the distal ICA and other target
vessels where the clot may be located, and there is a high potential for vessel damage or

perforation.

Ideally, the tip of the balloon guide catheter should be as close to the clot as possible. This
reduces the distance over which the clot must be dragged from the target vessel to the location of
the balloon guide catheter tip. It may also enable the physician to directly aspirate the clot

locally as the tip of the catheter can now engage the clot.

In some scenarios, remote aspiration of the clot is being performed using balloon guide catheters,
while the balloon is inflated. Remote aspiration is a procedure in which the clot is aspirated
without contact of the catheter tip with the clot. This works particularly well in a closed system
where alternative flow pathways are not present. The success of this technique is often limited

by the fact that the tip of the catheter can be a long distance from the clot.

A balloon catheter, whether used for PTA or embolic protection, is typically of a dual lumen,
double layer construction along the length proximal to the balloon. This ensures there are two
lumens; one for the passage of guide wires, catheters, or fluids, and one lumen for inflation. This

dual layer construction is not always as flexible as desired, and is prone to kinking.

There is therefore a need for a balloon guide catheter which can provide flow arrest, but which
also incorporates a very flexible distal portion which can track through a tortuous vessel, such as

the distal ICA or as far as the M I or other vasculature.
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In one embodiment a shaft or section with enhanced flexibility compared to the proximal section
is present distal to the balloon of a balloon catheter. This flexible section enables the tip of the
balloon to be placed more distally in the vasculature. This section of enhanced flexibility may be
comprised of the types described in U.S. Application No. 15/647763, filed July 12,2017, titled
"HIGH FLEXIBILITY, KINK RESISTANT CATHETER SHAFT,” and U.S. Provisional No.
62/599560, filed December 15, 2017, tiled "HIGH FLEXIBILITY, KINK RESISTANT
CATHETER SHAFT" (both included in the Appendix), corrugate construction or other design.

This device may be designed so that the distal tip is flexible enough to reach and touch the clot
for vacuum aspiration. The part which is distal of the flow restrictor (such as the balloon)
includes the distal portion and preferably at least some of the transition portion. There may also

be some of the transition portion proximally of the flow restrictor.

The length of this flexible section may vary such that it can reach specific anatomical locations,
such as the distal internal carotid artery, terminus of the internal carotid artery, proximal MI,
distal MI, proximal M2, distal M2, basilar, or vertebral vessels. This length may also help
ensure that that while the tip of the catheter can reach the target vessel, the balloon does not pass
the cavernous, or petrous segment of the ICA. Inflation of the balloon beyond these segments
can cause vessel damage. The length of the flexible section may be between Ilcmn and 20cm,

preferably between 3cm and 15cm.

The outer diameter of this flexible tip may differ from the outer diameter of the proximal section
of the catheter. In one embodiment the distal section has a larger diameter than the proximal
section. In yet another embodiment the outer diameter has a diameter smaller than the diameter
of the proximal section of the catheter. Variations such as a taper in the diameter of the distal
section may also be used. Differing diameter distal sections can help to ensure access to specific

vessels beyond the area to land the balloon.

Fig. 33 shows a device 350 with a flexible distal catheter tip 1351 extending from a balloon
1352, and proximally of which there is a catheter main section 1353 extending from a Y-piece
1354. Fig. 10 shows the balloon 352 inner layer inflation lumen 1360 and the balloon outer layer

inflation lumen 1361.
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In one configuration, the outer layer of balloon inflation lumen may of enhanced flexibility while
the inner layer of the balloon inflation lumen may be of a conventional construction comprising a
single layer material, braided extrusion, coiled extrusion or other construction. These layers are
shown schematically in Fig. 34, inner layer 1360 and outer layer 1361. In this way the
pushability of the catheter may be maintained by the inner layer, while the outer layer mitigates
compromise in terms of flexibility. Furthermore this construction will help to prevent kinking,
since mechanics dictate that as the ratio of the inner diameter to the outer diameter of a tube
increases, kink resistance is reduced. Use of the enhanced flexibility construction for the outer

layer, traditionally more prone to kinking will solve this issue.

In another embodiment, a balloon catheter of dual layer construction comprises both inner and
outer layer of the balloon inflation lumen of the enhanced flexibility construction. This will

represent an ultra-flexible and kink resistant balloon catheter.

In other configurations, the proximal section may utilise other constructions to inflate the balloon
such as a single lumen design with a vent hole and teak proof seal, a coaxial lumen or other

design.

It should be noted that a balloon guide catheter, with a long distal tip capable of reaching a clot
may be used as a thrombectomy device as follows:
Perform an angiogram to determine location of occlusion, and distance between petrous
or cavernous carotid, and occlusion
Choose a balloon catheter with distal tip length suitable to reach the clot, while ensuring
the balloon inflation does not land beyond the petrous or cavernous carotid
Navigate the distal tip of the catheter to the clot.
Inflate the balloon such that flow arrest is enabled, and alternative flow pathways which
could reduce the effectiveness of the aspiration are minimised
Apply a vacuum to the inner lumen of the catheter to aspirate the clot.
If the clot is retrieved, perform another angiogram through the balloon guide catheter or a
diagnostic catheter.
Remove the balloon guide catheter.

Procedure is finished.
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It may be noted that in the above method, the use of a large diameter distal tip, close to that of

the target vessel will maximise the potential of complete clot ingestion.

In yet another embodiment, enhanced catheter shaft flexibility and kink resistance may be
achieved without additional helical wire support, but instead using a simple tubular construction
with a corrugate architecture. The corrugations may be defined as adjacent circular depressions
in the wall thickness of the tube, or as a continuous helical depression as shown in Figs. 35 and
36 respectively. In these diagrams the tip has an outer layer 1400 with corrugations 1401 (Fig.

35) and an outer layer 1450 with more shallow corrugations for desired flexibility.

The device may be designed so that the distal tip is flexible enough to reach and touch a clot for

vacuum aspiration. The typical target vessels are the M1, M2, M3, distal ICA.

The distal tip should be long enough to reach the target vessel, while also ensuring that the
balloon does not pass the petrous segment of the internal carotid artery (known as C2). This is
because the vessels and surrounding tissue beyond the petrous segment are prone to damage

which can have catastrophic consequences.

It is preferable to ensure that the location of the balloon when inflated is within C1 segment of
the carotid artery. It is also preferable that the balloon be distal to the external carotid artery to
ensure effect flow restriction and or flow reversal. The length of the flexible section may be

between Icm and 20cm, preferably between 3cm and 20cm.

Fig. 37 left image shows an Angiogram demonstrating the external carotid, common carotid and
internal carotid artery (ICA), including the C1 and C2 segments, and right image shows
acceptable positioning of the balloon (2282, in a catheter 2280 proximal of a distal end 2281. It
should not be inflated past the C2 segment. The distal tip length of the catheter should be long
enough to reach the clot while ensuring safe position within or proximal to the C2 segment of the

ICA.

Any or all the embodiments described above to refine the transition from the stiffness of the

proximal portion of the distal tip to the most distal portion may be used.
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The proximal shaft must serve two functions and have at least two lumens; one for balloon
inflation and a main lumen for delivery of fluids and devices, and for aspiration. The flexible tip
only requires one lumen, therefore has potential to have a larger lumen than the proximal section.
In one embodiment the inner diameter of the flexible tip is the same inner diameter as the

proximal shaft.

In another embodiment the proximal and distal shaft have the same outer diameter, and the
proximal shaft has two concentric lumens, in which the central lumen diameter is less than that
of the flexible distal tip as shown in Fig. 38. This drawing shows a balloon guide catheter 2300
with a flexible corrugated distal tip 2302 and a balloon 2301. In this incidence the inner
diameter of a proximal shaft lumen 2303 is less than that of the flexible corrugated distal tip

2302. The proximal and distal shafts have the same outer diameter.

In another embodiment the inner diameter of the proximal shaft is the same as that of the flexible
distal tip. In yet another embodiment, the outer diameter of the distal tip is smaller than that of
the proximal shaft. The distal tip inner diameter may be the same as, or smaller than, the inner
diameter of the proximal shaft. Fig. 39 shows a catheter 1400 with a balloon 2401 and a distal

portion 2402 having a smaller outer diameter than the proximal portion 2403.

In one configuration, the distal tip is comprised of a flexible corrugate section distally, and a
non-corrugated section proximally. Fig. 40 shows a catheter 1500 with a non-corrugated

proximal region 2501 of the distal region 2502.

In one configuration, as shown in Fig. 41 for a catheter device 2600 a radiopaque marker is
present at the distal end of the flexible distal tip. Markers are also present immediately distal and
or proximal to the balloon to define its location. An additional intermediate distal marker may
be present within he distal tip to define a proximal region of increased stiffness unsuitable for

placement in distal to the C2 segment of the ICA.

In one configuration, the balloon catheter is suitable for use via direct carotid access. In this case
a shorter proximal shaft will improve ergonomics for the physician. In this instance the length of
the catheter shaft proximal to the balloon does not exceed 40cm, and preferably does not exceed

30 cm.
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Flow Restriction Using Larger Bore Catheter via Near Vessel Occlusion or Wedging

The embodiments described above enable the physician to place larger bore catheters more
distally than has been possible using conventional catheter technology. However, it may not be
possible to place a larger catheter in the target vessel due to the vessel diameter being smaller

than the catheter itself. In this instance a larger catheter may be used to achieve flow restriction.

In some instances, additional vessels are present which perfuse the treatment area. For example,
in the case of the anterior cerebral artery, proximal occlusion using a balloon guide catheter
placed in the ICA does not prevent inflow to the target treatment site. This is also a problem in
posterior stroke where there are two significant inflow vessels (left vertebral artery and right
vertebral artery), and the target treatment site is the basilar artery or posterior communicating

artery.

In one embodiment a system is comprised of a “mother” and “daughter” catheter, in which
significant flow restriction, or flow arrest, may be achieved by placing or wedging a large bore
highly flexible mother catheter in a vessel location proximal to the target treatment site. A
smaller daughter catheter may then be passed through the parent catheter to the treatment site. In
this instance a proximal balloon for flow restriction is not required. Near occlusion of the vessel,
without wedging the catheter, will dramatically reduce flow also. This is shown in Fig. 42, in
which there is a large catheter 2702 and a smaller catheter 2703 for aspiration of a clot 2701.

Large bore highly flexible catheters can enable the most distal flow arrest possible

In other instances, such as embolization, flow restriction using a larger bore catheter may also be
advantageous. For example, in embolization, where embolization of non-target vessels is a
major concern, additional embolization procedures are often used occlude adjacent non-target
vessels. Non-target embolization can cause non-target vessel occlusion, or the delivery of a drug
to non-target tissue. This may be avoided if a larger bore highly flexible catheter is placed
distally in the vessel feeding the target region of delivery of the embolic such that the catheter tip
is wedged. Upon injection of the embolic, the wedged condition prevents retrograde flow of the
embolic, thus preventing non-target embolization. Furthermore, the pressure gradient within the
vessel is a reflection of the proximal injection pressure, rather than the hemodynamic pressure,

giving the physician full control of the delivery of the embolic.
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Fig. 43 shows such a configuration, in a catheter 2800 having a distal portion 2801, Left shows
the use of a small catheter unable to reach a distal target vessel (right side vessel) during delivery
of a drug or embolic and the resulting undesired delivery to a non-target vessel (top left vessel)
The right hand diagram shows the use of a method wherein a highly flexible large diameter
catheter is chosen to effectively occlude the target vessel, and can be placed beyond the non-
target vessel, so delivery of the embolic only occurs to the target vessel. It is preferable that the

catheter is wedged in the target vessel.

Furthermore, the distal nature of the vessels targeted in embolization procedures means that
often, only microcatheters are capable of entering the vessels today. This limits the type of
embolic which can be used (e.g. 018 microcoils may need to be used where larger 035 coils or a
plug would e preferred, or the desired particle becomes clogged in the only microcatheter
capable of entering the vessel). The technical success of these procedures (in particular

embolization for BPH) is also limited by the inability to place larger support catheters distally.

A corrugated catheter section with or without a transition arrangement may be used as a
proximal section of a catheter in order to provide flexibility about a particular bend, for
example, as an access sheath to provide controlled flexibility about the iliac arch. The
configurations may could also be incorporated into a more flexible a urethral stent design or

Foley-style catheter, and for a flexible endoscope of corrugate wall.

The device may be used to block blood flow before precise delivery of an embolic agent to

region of the vasculature, tumour, or organ.

Aspiration System with Pressure-Controlling Pump

Aspiration has been shown to be safe for the retrieval of clots from the cerebral vasculature.
However, technique suffers from a number of limitations. In particular, it is frequently the case
that the clot cannot be ingested at the target treatment site. This is particularly the case for

harder, larger diameter, and longer clots.

If not completely ingested, the physician will attempt to withdraw catheter and attached clot
from the patient under continuous vacuum. This manoeuvre carries risk, is time-consuming, and

means the physician has lost access to the target vessel.
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If following angiography the physician determines that the target region has not been reperfused,
additional attempts must be made to retrieve the clot. Up to five attempts, known as passes are
typically required. On average two attempts are required. In 20% to 30% of cases, aspiration is
not successful after multiple attempts, and physicians will switch to the use of a stent retriever
(Almandoz et al. 2015; Lapergue et al. 2017; Blanc et al. 2017; Mohlenbruch et al. 2016).

This further increases procedural time and cost.

As the physician withdraws the catheter proximally towards the access site (typically femoral or
radial artery), there is a likelihood that some or all of the clot may break off. These fragments of
clot, are known as emboli. Distal emboli lead to poor reperfusion outcomes when assessed under
angiography or other imaging. Poor reperfusion, as defined by the TICI scale, is associated with

worse patient outcomes.

Another limitation of the aspiration technology is that it is not always possible to advance the
catheter tip to the face of the clot. This is due to the extreme tortuosity which may be present in
the patient, meaning that often only small diameter catheters such as microcatheters can reach
the clot. Larger bore catheters are known to have a greater potential to aspirate the clot, but are
frequently too stiff to navigate to the clot face. In this instance, the physician may use a smaller

bore catheter, but is less likely to successfully aspirate the clot.

Depending on internal diameter of the catheter, and properties of the clot (diameter, length,
hardness/durometer, elasticity etc.), there is a limit to the amount of clot which can be aspirated
into the catheter lumen. At this limit the catheter may be described as being clogged. Large
lumen catheters can aspirate more clot than small lumen catheters without becoming clogged.
During aspiration, the limit to the amount of clot which can be aspirated may be reached before a
complete vacuum is reached. This implies that the application of further vacuum does not
necessarily increase the amount of clot which is aspirated once a certain limit is reached. This is
shown schematically in Figs. 44(a) to 44(e), showing a catheter tip 3500 being used to attempt
aspiration of a clot 3501. As illustrated, there is incomplete aspiration. It is a limitation of
existing vacuum technology (vacuum pumps and syringes) that the applied vacuum is not

engineered to prevent clogging, or maximise efficiency of aspiration.
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Based on the problems outlined above, it is desirable to enable the clot to be ingested at the
target site in a single manoecuvre. This will save time, reduce procedural complexity, and

minimise potential for clot fragmentation during clot retrieval.

A pump is disclosed, for use in connection with a catheter such as described above in any
embodiment, to aspirate clots or other materials from a blood vessel or other region of the body.
An aspiration device is shown schematically in Fig. 45, having a catheter 3500, a guide 3502,

tubing 3503, and a pump and reservoir assembly 3504.

The invention utilises control and/or, variation of the vacuum pressure and/or, fluid displacement
during aspiration to improve the efficiency of aspiration. Variations in pressure and/or fluid
displacement at the catheter tip can help achieve the following:

- Prevent clogging of the catheter

- Promote maceration and deformation of the clot to enable it to travel through the lumen

The pump 3504 may provide a negative fluid displacement thereby decreasing pressure
(enabling a vacuum) or positive displacement, thereby increasing pressure. The pump is
connected to a catheter, enabling application of a positive or negative pressure the catheter

lumen. The pump incorporates a sensor which measures the pressure in the catheter lumen.

The magnitude of this pressure may be used to decide whether a vacuum or pressurizing signal
should be applied to the catheter. Based on the measured pressure, the pump may change

direction hence altering the pressure and fluid displacement.

In one embodiment, shown schematically in the form of a state diagram in Fig. 46, the pump
uses defined upper and lower limits to decide whether to apply a vacuum or pressurize. These
limits enable the catheter to cyclically ingest and if required expel, at least some of the clot. This
deformation of the clot improves the efficiency of the aspiration, and prevents clogging of the

catheter.

For the purposes of explanation, the initial pressure is defined as O in-Hg in all diagrams before
the pump is switched on Fig. 47 (a). In reality, a non-zero pressure is present due to blood

pressure. This may be in the region of 60 to 120 mm-Hg (2.4-4.8 in-Hg).
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The pump will continuously measure the pressure within the catheter lumen during the
procedure. This measurement will be arterial pressure if the pump is switched off. Once the
pump is switched on, and it begins to draw some vacuum a negative pressure will be measured,
Fig. 47 (b). In the absence of an occlusion or partial occlusion of the catheter tip, this will be a
nominal reading, representing free-flow of fluid through the catheter). Once the catheter is

advanced and engaged with the clot, an increase in the vacuum is observed, Fig. 47 (¢).

Initially when switched on the pump applies a vacuum enabling the catheter to ingest some of
the clot, Fig. 47 (d). While further increases in the vacuum ingest more of the clot, Fig. 47 (e),
the efficiency of increases in the vacuum pressure in ingesting more clot is reduced, Fig. 47 (f).
For this reason, the pump will reverse at some Low Limit of pressure, Fig. 47 (g). The Low
Limit is defined such that during vacuum, a portion of the clot has been aspirated but not so
much that the clot has become irreversibly clogged. An important aspect is that the lower limit
of vacuum can be set well above the full vacuum pressure of -760mmHg to prevent ingestion of
too large a clot that could clog the catheter. In one embodiment, the Lower Limit is set to
between -100 rnm-HG and -200 mm-Hg. In another embodiment the Lower Limit is set to
between -200 mm-HG and -300 mm- Hg. In another embodiment the Lower Limit is set to
between -400 mm-HG and -500 mrn-FIg. In another embodiment the Lower Limit is set to

between -600 mrn-HG and -700 mm-Hg.

The direction of fluid displacement of the pump is now reversed. Upon reversal, the catheter
will begin to pressurize, thereby increasing the pressure measured, Fig. 47 (g). As the catheter is
pressurized (vacuum is reversed), the load which was applied to ingest the clot will be reduced,
thereby unloading the clot, and even allowing some or all of the clot to be pushed distally
towards the catheter tip Fig. 47(h). During this loading/unloading the clot is being macerated

and accordingly becomes more “free” within the catheter.

The pressure is further increased until a High Limit is reached. In one embodiment this High

Limit is defined such that the ingested clot may not be completely expelled from the catheter.

Additional cycling of the clot between the Low Limit and high limit (Fig. 47 (i) to (j)) further
macerates the clot enabling a greater amount of the clot to be ingested for the same Low Limit of

vacuum (Fig. 47 (m)), with eventual complete ingestion of the clot, Fig. 47 (n).
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In one embodiment the High Limit is a negative pressure. In another embodiment, the high limit
may be 0 mmHg. In yet another preferred embodiment, the High Limit is a positive pressure

(Fig. 48 (a) to (¢).

In the absence of a pressure signal from the pump the presence of intra-vascular blood pressure
means there is a force present which supports transport of material from the distal tip of the
catheter towards the pump. In one embodiment, an initial blood pressure reading may be taken
before the procedure is initiated. This reading may be used to calculate the precise High Limit
value required. The mean blood pressure, systolic blood pressure, or diastolic blood pressure
may be used. A novel aspect of this pump system is the incorporation of feedback into the pump
algorithm in order to produce more effective pressure cycling. That is to say, the ability of the
pump to measure the condition in the pump (e.g. pressure or fluid displacement), and continue or

alter its behaviour.

In one embodiment, the applied pressure signal incorporates an oscillation or "shake" signal.
The shake signal implies the application of pulse cycling between two pressure limits as shown
in Figs. 50(a) and (b). The signal provides acute aspiration of the clot in order to cause
deformation and, or, fragmentation of the clot to improve transport through the catheter.
Another aspect is the incorporation of rate based cycling of a negative and positive pressure
signal. Oscillating frequencies can be defined that may cause the elastic modulus of a clot to be

exceeded, thereby, fragmenting the clot in the catheter and promoting easier transport.

The addition of this oscillation is shown in the form of the state diagram in Fig. 49.

In one embodiment the shake signal may be initiated for a predefined number of cycles. In
another embodiment, the shake signal may be used until the pressure has returned to blood
pressure. In this instance the material in the catheter can effectively flow without significant
resistance. In another embodiment, this shake signal may be initiated based on a specific
pressure indicative of catheter occlusion or partial occlusion, and terminated based on

measurement of pressure within the catheter indicative of free-flow, or partial occlusion.

While the figures generally show a triangular wave form of pressure with respect to time, it
should be pointed out that this may not be the case in reality. The graphs are intended to

illustrate the directional changes in pressure which are initiated and controlled by the invention.
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For example depending on the clot properties, and speed of activation or reversal of the pump,
the signals may be more square, saw-tooth, or sinusoidal in form. Furthermore, the resulting

pressure - time relationship may not have any repeating unit at all.

In one embodiment the invention includes both an oscillation or shake signal in the vacuum and
positive pressurize signals. This is shown schematically in Figs. 51(a) and 51(b). In yet another

embodiment, the system my incorporate only a vacuum oscillation.

A range of Lower Pressure and Higher-Pressure limit values may improve efficiency of clot
transport compared to static aspiration technology. In one embodiment it is preferable to specify
a Lower Pressure limit such that the amount of clot which can be ingested is maximised for a
single cycle. In another embodiment, it is preferable that the Lower Pressure limit is specified
such that the amount of clot which is ingested in a single cycle is not maximised, but instead
represents an intermediate condition between a small amount of clot ingestion and maximum clot

ingestion. Real numbers will be added in the future based on experiment.

In another embodiment, the lower limit may be defined in real-time. In one embodiment, a
change in the rate of change of the pressure during the vacuum cycle may be used. For example,
as the catheter becomes clogged, there is generally arapid increase in the vacuum pressure. This
sudden change in vacuum pressure may be used as a signal to switch the direction of the pump.
Similarly, the upper pressure may be defined based on a sudden change in the pressure during
the pressurize cycle. In one embodiment this may be defined in order to identify a condition

where the catheter is de-clogged.

It should be appreciated that the upper and lower limits may be defined by a combination of rate

of change in pressure, or specific pressure value, or a combination of both.

In another configuration, a flow displacement, or flow meter is incorporated. This may be used
to define upper and lower limits to establish the direction of the pump (aspiration or vacuum). In
one embodiment the flow meter can detect if there is no fluid displacement, which is suggestive

of catheter clogging.

In another embodiment, the pump may use positive and negative fluid displacement to

alternately infuse and aspirate the catheter. In one embodiment, the ratio of the infuse-to-

Penumbra, Inc., Ex. 1031, Page 361 of 776
Penumbra, Inc. v. RapidPulse, Inc.



10

15

20

25

30

WO 2019/115809 _44 - PCT/EP2018/085064

aspirate cycle may be between 0.01 and 0.99. Preferably the ratio will between 0.1 and 0.9, or

more preferably between 0.4 and 0.9.

In one configuration, the pump is a sterile unit, which can be used within the sterile field, or on
the patient table adjacent to the patient. This enables the physician to perform all manoeuvres
without the requirement of a technician outside the sterile field. The unit may be single use and

disposable.

In one configuration, the pump incorporates a peristaltic pump mechanism. This ensures that
there is no blood contact with the pump parts. The pump may incorporate a reservoir for
collection of aspirate. Figs. 53(a) and 53(b) show a pump and components. Shown are a
housing connecting a tube, an on-off switch, a battery pack, a pulsatile pump, and a
motherboard. The pressure sensor is connected to the tube-lumen, which is connected to the

catheter, thereby enabling pressure measurement within the catheter.

In one embodiment the pump incorporates a series of LEDs or indicators. These are intended to
provide feedback to the physician based on the catheter tip and clot interaction condition. This is
provided by the pressure within the catheter. For example, the pressure range associated with

free-flow within the catheter, or partial occlusion, or complete occlusion, aspirating or clogged.

Furthermore, the indicators may be used to indicate to the physician that the pump is in the

oscillation or shake condition.

A method is disclosed whereby the physician uses the feedback from the indicators to define the

required adjustment of the catheter tip.

Place catheter tip adjacent to the clot. Switch on the pump. If the pump indicates free flow is
observed the catheter should be moved distally to further engage the clot. If the catheter is
aspirating with partial or complete occlusion the physician waits until the pump has free-flow
again. The physic again moves the catheter tip distally to engage the next piece of clot. In this
way the entire vessel can be cleaned of clot. In the event that the pump becomes clogged, a
signal may be provided to the physician that the traditional catheter withdrawal technique may

be appropriate.
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The embodiments described within this filing are in general aimed at enabling the physician to
access regions of the body which provide a challenging anatomy, with highly flexible corrugated
catheters. The catheter designs are optimised by way of transitions, and the addition of other
elements, such as flow restrictors and a highly effective pump. The ability to make larger
catheters while maintaining this type of controlled flexibility enables improved therapy, such as

clot removal, embolic delivery to the body.

The invention is not limited to the embodiments described but may be varied in construction and

detail.
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Claims

A catheter (1) comprising a jacket defining a lumen and comprising a helical support in
jacket material along at least some of its length, the catheter comprising at least a
proximal portion (2) and a distal portion (3), said distal portion having for at least some

of its length a corrugated outer surface (15).

A catheter as claimed in claim 1, wherein the catheter comprises a transition portion (53,
54, 204,782) between said proximal portion (1152) and said distal portion (1153), said
transition portion (1154) having a flexural stiffness which is less than that of the distal

portion and more than that of the proximal portion.

A catheter (780) as claimed in claim 2, wherein the transition portion has a corrugated
outer surface in which at least some corrugations of the corrugated outer surface have a

smaller depth than corrugations of the surface of the distal portion.

A catheter as claimed in claims 2 or 3, wherein the transition portion has a higher flexural

stiffness than the distal portion by the corrugations having a different pitch.

A catheter as claimed in any of claims 2 to 4, wherein the transition portion has a higher

flexural stiffness than the distal portion by the corrugations having a larger width.

A catheter as claimed in any of claims 2 to 5, wherein the transition portion is configured
to provide a gradual controlled stiffness transition between the distal portion and the

proximal portion.

A catheter as claimed in any of claims 2 to 6, wherein the transition portion has a reduced

depth of corrugations which is less than that of the distal portion (782).

A catheter as claimed in any of claims 2 to 7, wherein the transition portion includes an
additional outer tubular layer (801) along at least some of its length, and said outer

tubular layer is not present in the distal portion.

A catheter as claimed in claim 8, wherein said outer tubular layer has a thickness of 0.05

mm or less, preferably 0.025mm or less, and more preferably 0.0125 mm or less.
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A catheter as claimed in claims 8 or 9, wherein said outer tubular layer is of PET

composition.

A catheter as claimed in any of claims 2 to 10, wherein in said transition portion an

increase in stiffness is achieved by a change in thickness of the jacket.

A catheter as claimed in any of claims 2 to 11, wherein the jacket includes an inner liner
(1071) defining said lumen, and in said transition portion an increase in stiffness is
achieved by a change in thickness of the outer jacket material (1073, 1074) around the

helical support or of the inner liner.

A catheter as claimed in any preceding claim, wherein the jacket includes an inner liner
(1071) defining said lumen, and wherein the thickness of the inner liner is between 0.025

mm to 0.3 mm, preferably between 0.05 mm and 0.2 mm.

A catheter as claimed in any preceding claim, wherein the thickness of the jacket is

between 0.025 mm to 0.30 mm, preferably between 0.05 mm and 0.2 mm.

A catheter as claimed in any preceding claim, wherein width (W) of the corrugate is at
least 10% of the jacket thickness, and preferably the width of the corrugate is at least 20%

of the jacket thickness.

A catheter as claimed in any preceding claim, wherein in the distal portion the width of

the corrugate it at least 60% of the jacket thickness.

A catheter as claimed in any preceding claim, wherein in the distal portion the width of
the corrugate it at least 60% of the jacket thickness and the depth of the corrugate is at

least 70% of the jacket thickness.

A catheter as claimed in any preceding claim, wherein the jacket includes an inner liner
(1071) defining said lumen, and the inner liner thickness is constant along the length of

the distal portion, but the outer jacket thickness is larger in at least one region.

A catheter as claimed in any of claims 2 to 18, wherein the jacket thickness is increased
proximally at least once along the length of the catheter distal portion and/or transition

portion.
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A catheter as claimed in any of claims 2 to 19, wherein the transition portion has a
controlled change in stiffness arising from a plurality of layers (1073, 1074) which are
overlapped in a staggered configuration with at least one tubular layer terminating

proximally of termination of another tubular layer.

A catheter as claimed in any preceding claim, wherein the distal-most end (1050) of the
distal portion is provided by an inverted part of a jacket tubular layer forming a
continuous surface at the distal end of the distal portion, said layer being folded over at

the distal end to overlap itself.

A catheter as claimed in claim 21, wherein said inverted layer (1051) overlies the helical

support.

A catheter as claimed in any preceding claim, wherein said distal portion includes an
extension (1082) of a tubular layer extending distally of other layers and of the helical
support and being folded over to form a distal end edge, thereby providing a distal

extension of lower stiffness.

A catheter as claimed in claim 23, wherein the jacket includes an inner liner defining said

lumen, and said extension (1072, 1082) is all or part of the inner liner.

A catheter as claimed in claims 23 or 24, wherein said extension has a length in the range

of 0.5 mm and 5.0 mm, more preferably between 0.5 mm and 0.3 mm.

A catheter as claimed in any of claims 2 to 25, wherein the transition portion includes a

region without corrugations.

A catheter as claimed in any of claims 2 to 26, wherein the jacket includes an inner liner
defining said lumen, and wherein the transition portion includes a joint (1154) between

the inner liner and outer jacket material.

A catheter as claimed in claim 27, wherein said joint is between an inner liner of ePTFE

material and an outer jacket of PTFE material.

A catheter as claimed in any of claims 2 to 28, wherein said transition portion jacket

includes a lap joint (1207, 1208) between concentric tubular layers.
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A catheter as claimed in claim 29, wherein said lap joint is between a tubular layer of

ePTFE material and a tubular layer of PTFE material.

A catheter as claimed in claims 29 or 30, wherein said lap joint has a length of between

Imm and 30 mm.

A catheter as claimed in any of claims 2 to 31, wherein the degree of corrugation in the
transition portion is altered progressively proximally to achieve in increase in stiffness,
the jacket includes an inner liner and said inner liner extends distally and terminates
before the most distal region of the distal portion, said inner liner is of ePTFE

composition, and at least part of the proximal portion is not corrugated.

A catheter as claimed in any preceding claim, wherein the distal portion includes a region

of the helical support being floating in the jacket material.

A catheter as claimed in any preceding claim, wherein the jacket includes material of
ePTFE composition surrounding at least part of the helical support, and thickness of the
ePTFE material increases distally, and the jacket includes PTFE proximally of the ePTFE

material.

A catheter as claimed in any of claims 2 to 34, wherein the transition portion includes a
distal region in which the helical support is floating between jacket material ePTFE
layers, and a proximal region in which the helical support is embedded in the jacket

material.

A catheter as claimed in any preceding claim wherein, at least one region of the helical
support (6) is embedded in jacket material, whereby it is constrained from moving

relative to said jacket material.

A catheter as claimed in a claim 36, wherein the helical support (752) is embedded in the
jacket in a matrix (753) of continuous porous flexible material such as ePTFE, or in a

matrix of a non-compressible material such as a urethane.

A catheter as claimed in any preceding claim, wherein the jacket includes a liner defining

said lumen, and the jacket comprises at least one layer around said liner, and an in-fill
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material (851/854) between said inner liner and said jacket layer, or between a plurality

of tubular layers of material of said jacket.

A catheter as claimed in claim 38, wherein the in-fill material is used only to partially fill

a space around the helical support.

A catheter as claimed in claims 38 or 39, wherein the in-fill material completely fills a

helical channel around the helical support.

A catheter as claimed in claim 40, wherein the in-fill material is melted to form a layer of

material on all surfaces within the helical channel.

A catheter as claimed in any preceding claim, wherein the jacket includes an inner liner
defining said lumen, and a helical channel in the jacket includes melted and cooled in-fill
material between the helical support and the jacket, and in which there is an adhesive

chemical bond at interfaces with the in-fill material.

A catheter as claimed in any preceding claim, wherein the jacket includes an inner liner
defining said lumen, and the inner liner and an outer tubular layer of the jacket are

bonded to one another by sintering.

A catheter as claimed in any preceding claim, wherein the jacket includes an inner liner

(5) defining said lumen.

A catheter as claimed in claim 44, and said inner liner extends between the distal portion

and the proximal portion.

A catheter as claimed in claim 44 or 45, wherein the diameter of the inner liner is

constant, with a smooth lumen surface.

A catheter as claimed in any of claims 44 to 46, wherein the inner liner comprises a low

friction material such as ePTFE.

A catheter as claimed in any of claims 44 to 47, wherein in at least the distal portion the
jacket material comprises polyurethane (e.g. Pellethane 80AE) and the inner liner

comprises ePTFE.
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A catheter as claimed in any of claims 44 to 48, wherein an outer tubular layer of the

jacket is bonded to the inner liner or a tie layer around the inner liner.

A catheter as claimed in claim 49, wherein the distal portion comprises a tie layer

attaching the inner liner to the outer jacket material.

A catheter as claimed in claim 50, wherein the tie layer comprises a fluoropolymer which
is sputter coated with FEP powder which under heat and pressure forms a bond between

the coated fluoropolymer layer and a second layer.

A catheter as claimed in claims 50 or 51, wherein the tie layer comprises FEP or a

urethane.

A catheter as claimed in any of claims 44 to 52, wherein the helical support is bonded to

the outside surface of the inner liner or to a tie layer around said liner.

A catheter as claimed in any of claims 44 to 53, wherein an outer tubular layer of the
jacket of the proximal portion is sandwiched between the inner liner and another outer

tubular layer.

A catheter as claimed in any of claims 44 to 54, wherein the inner liner of the distal
portion is formed from a different material from the inner liner of the proximal portion,
and the liner materials are joined by creating a small slit or window in one layer and
pulling a spliced length of the outer jacket through the slit or window, and the helical

support is wound around the outside of these layers thus keeping them together.

A catheter as claimed in any of claims 44 to 55, wherein the helical support (771) is

spaced apart or transposed from the inner liner such that it is not exposed to the liner.

A catheter as claimed in any preceding claim, wherein the corrugate at the surface of the

jacket is at least 5% of the thickness of the jacket.

A catheter as claimed in any preceding claim, wherein in at least one region the width of

the corrugate at the surface of the catheter is at least 10% of thickness at the jacket.

A catheter as claimed in any preceding claim, wherein in at least one region of the distal

portion, the width of the corrugate is at least 30% of the wall thickness.
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A catheter as claimed in any preceding claim, wherein the corrugate depth is between 5%
and 95% of the jacket thickness in at least one region of the catheter, and preferably the
corrugate depth is at least 20% of the catheter wall thickness in at least one region of the

catheter.

A catheter as claimed in any preceding claim, wherein the corrugate depth varies along a
corrugated region of the catheter from a larger depth distally to a smaller depth

proximally.

A catheter as claimed in any preceding claim, wherein the corrugate width varies along a

corrugated region of the catheter from a larger depth distally to smaller depth proximally.

A catheter as claimed in any of claims 2 to 62, wherein in the transition portion the
corrugate depth varies from a larger depth distally to a smaller depth proximally, while

the corrugation width is constant in said region.

A catheter as claimed in any preceding claim, wherein the corrugate represents the
impression of a circular helical cinch wire wound around jacket material during

manufacture.

A catheter as claimed in claim 64, wherein the corrugate represents the impression of a
circular helical cinch wire wound from a depth and width of no impression with no

corrugate, to a depth of at least 50% of the jacket thickness.

A catheter as claimed in claim 65, wherein the corrugate represents the impression of a
circular helical cinch wire wound from a depth and width of no impression with no

corrugate, to a depth of at least 70% of the jacket thickness.

A catheter as claimed in claim 66, wherein the corrugate represents the impression of a
circular helical wire wound from a depth and width of no impression with no corrugate,

to a depth of at least 95% of the jacket thickness.

A catheter as claimed in any of claims 44 to 67, wherein the inner liner terminates in a

region proximal of the distal end of the distal portion.
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A catheter as claimed in claim 68, wherein a region (760) of inner lumen of the catheter
without said inner liner (763) has hydrophilic or hydrophobic coating to improve

lubricity.

A catheter as claimed in claims 68 or 69, wherein the un-lined section is at least lcm 1in

length, and preferably at least 2 cm in length.

A catheter as claimed in any of claims 67 to 70, wherein a sudden change in flexural
stiffness at said liner termination is reduced by a change in corrugation parameters, or by

skiving the liner with an angular cut.

A catheter as claimed in any of claims 68 to 71, wherein a region of the un-lined jacket
material adjacent to the liner proximally is less corrugated than in a region of unlined

jacket distally and proximally.

A catheter as claimed in any of claims 68 to 72, wherein a corrugated region of the lined
jacket adjacent to a region of unlined jacket has a longer pitch than a region of unlined

jacket.

A catheter as claimed in any of claims 44 to 73, wherein the jacket (783) has a proximal
part (784) in a catheter proximal portion without corrugations, a distal part (785) in the
catheter distal portion with corrugations, and the inner liner (783) terminates proximally

of the distal end (786).

A catheter as claimed in any of claims 2 to 74, wherein the jacket material comprises

regions of different materials having different durometer values.

A catheter as claimed in any preceding claim, wherein the catheter has a plurality of
radiopaque markers (1270) along its length, and optionally at least part of the helical

support comprises aradiopaque marker.

A catheter as claimed in claim 76, wherein the helical support comprises a radiopaque

material such as Platinum wire.

A catheter as claimed in either of claims 76 or 77, wherein the helical support (6)

comprises drawn Nitinol tubing or wire filled with radiopaque material.
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A catheter as claimed in claim 76 or 77 or 78, wherein the helical support (1281) includes

at least 10 w/w % Platinum.

A catheter as claimed in any of claims 76 to 79, wherein radiopacity of the distal portion

is enhanced by having a length of reduced helical pitch.

A catheter as claimed in any preceding claim, wherein for at least some of the length of

the catheter the width of the corrugate is no more than 50% of the pitch of the corrugate.

A catheter as claimed in any preceding claim, wherein for at least some of the length of
the catheter the width of the corrugate is between 5% and 49% of the pitch of the
corrugate, and more preferably the width of the corrugate is between 15% and 45% of the

pitch of the corrugate.

A catheter as claimed in any preceding claim, wherein for at least some of the length of

the catheter the width of the corrugate is between 20% and 45% of the pitch of corrugate.

A catheter as claimed in any preceding claim, wherein for at least some of the length of

the catheter the width of the corrugate is at least 10% of the jacket thickness.

A catheter as claimed in any preceding claim, wherein for at least some of the length of

the catheter the width of the corrugate is at least 20% of the jacket thickness.

A catheter as claimed in any preceding claim, wherein at the most distal region of the

distal portion the width of the corrugate it at least 60% of the jacket thickness.

A catheter as claimed in any preceding claim, wherein at the most distal region of the
distal portion the width of the corrugate it at least 60% of the wall thickness and the depth

of the corrugate is at least 70% of the wall thickness.

A catheter as claimed in any preceding claim, wherein the ratio of the width of the

corrugate to the depth of the corrugate is at least 0.5 in at least one region of the catheter.
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A method of manufacturing a catheter of any preceding claim, wherein the jacket is
formed in at least some regions by positioning a membrane over a helical structure,
applying heat so that the membrane reflows such that it forms around the helical
structure, winding a tensioned cinch wire around the outside of the membrane such that it
forces membrane material into grooves between each loop of the helical structure, heat
setting the membrane to fix the corrugations in place, and unwinding the tensioned cinch

wire leaving the corrugations behind.

A method as claimed in claim 89, wherein the jacket includes fluoropolymers and said
fluoropolymers are bonded with each other and/or with other polymers at bonding

interfaces.

A method as claimed in claims 89 or 90, wherein chemical treatment is applied at said

interfaces using an etching solution.

A method as claimed in claim 91, wherein the etched fluoropolymer is coated with a thin
layer of urethane such as Chornoflex, and on the application of heat, this layer flows and
acts to tie the fluoropolymer to a second etched fluoropolymer layer or to a different

polymer layer.

A method as claimed in any of claims 89 to 92, wherein the method comprises providing
the helical support (752) within a polymer jacket (753) which is bonded to a liner (751)
to form a base assembly, placing an outer liner (81 1) which will not bond to the polymer
jacket over the jacketed coil, winding the cinch wire (810) in a helix onto the outside of
the outer liner under tension thereby imparting a corrugate geometry, heating to reflow or
anneal the material to set said material into the corrugate geometry, cooling the assembly,

removing the cinch wire (810), and peeling off the outer liner (811).

An aspiration device (1350) comprising a catheter (1353) of any of claims 1to 88 and a

flow restrictor (1352), in which the distal portion (1351) is distal of the flow restrictor.

An aspiration device as claimed in claim 94 wherein the catheter comprises a transition
portion (1400) between said proximal portion and said distal portion, said transition

portion having a flexural stiffness which is less than that of the distal portion and more
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96.

97.

98.

99.

100.

101.

102.

103.

than that of the proximal portion, and at least part of said transition portion extends

distally of the flow restrictor.

An aspiration device as claimed in either of claims 94 or 95, wherein the flow restrictor
comprises a balloon (1352) and the balloon is arranged to inflate to block blood flow

before aspiration of a clot into the catheter distal portion.

An aspiration device as claimed in any of claims 94 to 96, wherein length of the distal
portion (1351) is suited to reach specific anatomical locations such as the distal internal
carotid artery, terminus of the internal carotid artery, proximal MI, distal MI, proximal
M2, distal M2, basilar, or vertebral vessels, wherein the flow restrictor remains in or

proximal of the C1 segment of the ICA.

An aspiration device as claimed in claims 94 to 97, wherein the outer diameter of the
distal portion (2402) differs from the outer diameter of the proximal portion (2403) of the

catheter.

An aspiration device as claimed in claims 94 to 98, wherein the distal portion (2402) has

a larger internal diameter than the proximal portion (2403).

An aspiration device as claimed in any of claims 94 to 99, wherein there is a taper in the

diameters of the distal and proximal portions.

An aspiration device as claimed in any of claims 94 to 100, further comprising a balloon
inflation lumen (2403) and the outer layer of the balloon inflation lumen is of enhanced

flexibility in comparison with a balloon inflation lumen inner layer.

An aspiration device as claimed in any of claims 94 to 101, wherein the catheter
comprises a proximal portion (2301) having at least two lumens, including a first lumen
(2403) for balloon inflation and a second lumen for delivery of fluids and devices, and

the distal portion (2302) is for aspiration.

An aspiration device as claimed in any of claims 94 to 102, wherein said distal portion
lumen has a larger internal width dimension than the internal width dimension of the

second lumen of the proximal portion.
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104.

105.

106.

107.

108.

109.

110.

111.

112.

An aspiration device as claimed in claims 102 or 103, wherein the proximal portion first

and second lumens are concentric.

An aspiration device as claimed in any of claims 94 to 104, wherein the device is for
direct carotid access and the length of the catheter proximal of the flow restrictor does not

exceed 40 cm, and preferably does not exceed 30 cm.

An aspiration device as claimed in any of claims 94 to 105, wherein the flow restrictor

comprises part of the catheter proximal portion.

An aspiration device as claimed in any of claims 94 to 106, wherein the catheter
comprises first (2702) and second (2703) shafts, in which the first shaft is configured to
perform significant flow restriction at a vessel location proximal to a target treatment site,
and the second catheter shaft has a smaller diameter and may then be passed through the

first catheter shaft to the treatment site.

An aspiration device as claimed in any of claims 94 to 107, wherein the flow restrictor

includes a funnel, open at the distal side.

An aspiration device as claimed in any of claims 94 to 108, wherein the flow restrictor is

deployable, or activated, but remains attached to the catheter.

An aspiration device as claimed in claim 109, wherein the flow restrictor is a deployable
funnel, the open side of the funnel is pointing distally, and the catheter is movable

proximally with the funnel while the funnel continues to perform flow restriction.

A method of use of an aspiration device of any of claims 94 to 110, the method
comprising steps of deploying a device of any of claims 94 to 110 in a patient’s blood
vessel, navigating the distal portion to a clot in the vessel, causing the flow restrictor to
block blood flow, and applying a vacuum to the catheter so that the clot is aspirated into

the distal portion.

A method as claimed in claim 111, wherein the method comprises:
performing an angiogram to determine location of an occlusion, and distance

between petrous or cavernous carotid and the occlusion,
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113.

114.

115.

116.

117.

choosing a catheter with a distal portion length suitable to reach a clot causing the
occlusion, while ensuring that the flow restrictor does not land beyond the
cervical carotid, and with a distal tip with an outer diameter as large as will
comfortably fit in the target vessel,

navigating the distal portion of the catheter to the clot,

activating the flow restrictor such that flow arrest is enabled, and alternative flow
pathways which could reduce the effectiveness of the aspiration are minimised,
apply a vacuum to the lumen of the catheter to aspirate the clot,

if the clot is retrieved, perform another angiogram through the balloon guide
catheter or a diagnostic catheter, and

removing the catheter.

An aspiration system (3500) comprising a catheter of any of claims 1 to 88, a pump
(3504) linked with the catheter proximal portion (3503), and a controller configured to

vary aspiration pressure during aspiration of a clot.

An aspiration system as claimed in claim 113, wherein the system comprises a lumen
pressure senor and the controller is configured to vary aspiration pressure according to

sensed pressure within the catheter lumen.

An aspiration system as claimed in claims 113 or 114, wherein the system comprises a
lumen fluid flow sensor, and the controller is configured to vary aspiration pressure

according to sensed fluid displacement in the lumen.

An aspiration system as claimed in any of claims 113 to 115, wherein the controller is
configured to improve the efficiency of aspiration by preventing clogging of the catheter,
and/or to promote maceration and deformation of a clot to enable it to travel through the

lumen.

An aspiration system as claimed in any of claims 113 to 116, wherein the controller is
configured to provide a vacuum or a positive pressure based on measured pressure, and to

change direction hence altering the pressure and fluid displacement.
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118.

119.

120.

121.

122.

123.

124.

125.

An aspiration system as claimed in any of claims 113 to 117, wherein the controller has
defined upper and lower limits of pressure or displacement to decide whether to apply a

vacuum or pressurize.

An aspiration system as claimed in any of claims 113 to 118, wherein the controller is
configured to cause the catheter to cyclically ingest and if required expel, at least some of
a clot, whereby there is deformation of the clot to improve efficiency of aspiration and

prevent clogging of the catheter.

An aspiration system as claimed in any of claims 113 to 119, wherein the controller is
configured to begin to draw some vacuum so that a negative pressure is measured and in
the absence of an occlusion or partial occlusion of the catheter tip, this will be a nominal
reading, representing free-flow of fluid through the catheter, and once the catheter is

advanced and engaged with the clot, an increase in the vacuum is observed.

An aspiration system as claimed in any of claims 113 to 120, wherein the controller is
configured to increase a vacuum to ingest more of a clot and to reverse at a low limit of
pressure defined such that during vacuum, a portion of the clot has been aspirated but not
so much that the clot has become irreversibly clogged and the lower limit of vacuum can
be set above a full vacuum pressure to prevent ingestion of too large a clot that could clog

the catheter.

An aspiration system as claimed in claim 121, wherein the controller is configured to set
the low limit between -100 mm-HG and -200 mm-Hg, preferably between -200 mm-HG
and -300 mm- Hg, more preferably between -400 mm-HG and -500 mm-Hg, and more
preferably between -600 mm-HG and -700 mm-Hg.

An aspiration system as claimed in any of claims 113 to 122, wherein the controller is
configured to cause direction of fluid displacement of the pump to be reversed thereby

increasing the pressure measured, and unloading a clot.

An aspiration system as claimed in any of claims 113 to 123, wherein the controller is
configured to allow some or all of a clot to be pushed distally towards the catheter tip so

that the clot is macerated and accordingly becomes more free within the catheter.

An aspiration system as claimed in any of claims 113 to 124, wherein the controller is

configured to increase pressure until a sensed pressure high limit is reached.
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126.

127.

128.

129.

130.

131.

132.

133.

134.

An aspiration system as claimed in claim 125, wherein the controller is configured to set
the high limit such that an ingested clot may not be completely expelled from the

catheter.

An aspiration system as claimed in either of claims 124 or 126, wherein the controller is
configured to store an initial blood pressure reading before a procedure is initiated, and to

read this pressure to calculate the high limit value.

An aspiration system as claimed in any of claims 113 to 127, wherein the controller is
configured to use patient mean blood pressure, systolic blood pressure, or diastolic blood

pressure for pump control.

An aspiration system as claimed in any of claims 113 to 128, wherein the controller is
configured to apply pulse cycling between two pressure limits, or rate based cycling of a
negative and positive pressure signal, using defined oscillating frequencies that may
cause the elastic modulus of a clot to be exceeded, thereby fragmenting the clot in the

catheter and promoting easier transport.

An aspiration system as claimed in any of claims 113 to 129, wherein the controller is
configured to initiate a shake signal for a predefined number of cycles, or until the

pressure has returned to blood pressure.

An aspiration system as claimed in any of claims 121 to 130, wherein the controller is
configured to set the low limit in real time, preferably with a change in the rate of change

of the pressure.

An aspiration system as claimed in any of claims 113 to 131, wherein the controller is
configured to recognize a sudden change in pressure of the catheter as a signal to switch

direction of the pump.

An aspiration system as claimed in any of claims 113 to 132, wherein the controller is

configured to receive feedback from a flow meter.

An aspiration system as claimed in any of claims 113 to 133, wherein the controller is
configured to use positive and negative fluid displacement to alternately infuse and

aspirate the catheter.
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135. An aspiration system as claimed in any of claims 113 to 134, wherein the system
comprises an output indicator and the controller is configured to provide feedback to a
physician based on the catheter and clot interaction condition, for example pressure
within the catheter, pressure range associated with free-flow within the catheter, or partial
occlusion, or complete occlusion, aspirating or clogged, to indicate to the physician that

the pump is in the oscillation or shake condition.
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