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Approved for use through 03/31/2026. OMB 0651-0033
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

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

REISSUE PATENT APPLICATION TRANSMITTAL

Address to: Attorney Docket No.

NBUS.001C1RE1

Mail Stop Reissue First Named Inventor

Robert E. Wright

Commissioner for Patents Original Patent Number

10,736,688

P.O. Box 1450

Alexandria, VA 22313-1450 (Month/Day/Year)

Original Patent Issue Date

08/11/2020

Priority Mail Express® Label No.

APPLICATION FOR REISSUE OF:

(Check applicable box) m Utility Patent

D Design Patent D Plant Patent

APPLICATION ELEMENTS (37 CFR 1.173)

1. |:| Fee Transmittal Form (PTO/SB/56)
2. Applicant asserts small entity status. See 37 CFR 1.27

3. |:| Applicant certifies micro entity status. See 37 CFR 1.29.
Applicant must attach form PTO/SB/15A or B or equivalent.

4, Specification and Claims in double column copy of patent format
{amended, if appropriate)

5. Drawing(s) (proposed amendments, if appropriate)

6. Reissue Oath/Declaration or Substitute Statement
(37 CFR 1.175) (PTO/AIA/05, 06, or 07)

7.|v" Application Data Sheet NOTE: Benefit claims under 37 CFR 1.78
and foreign priority claims under 37 CFR 1.55 MUST be set forth in an
Application Data Sheet {(ADS).

8. Original U.S. Patent currently assigned? Yes D No

{if Yes, check applicable box(es))
Written Consent of all Assigness (PTO/AIA/53)
37 CFR 3.73(c) Statement (PTO/AIA/96)

9. \:‘ CD-ROM or CD-R in duplicate, Computer Program {Appendix) or large
table

u Landscape Table on CD

10. Nucleotide and/or Amino Acid Sequence Submission
(if applicable, items a. —c. are required)

ACCOMPANYING APPLICATION PARTS

12.
13, ]

Statement of status and support for all changes to the
claims. See 37 CFR 1.173(c).
Power of Attorney

Information Disclosure Statement (IDS)
PTOSB/08 or PTO-1449

I:‘ Copies of citations attached

English translation of Reissue Oath/Declaration
(if applicable)

Return Receipt Postcard (MPEP § 503)

{Should be specifically itemized)

Preliminary Amendment (37 CFR 1.173; MPEP § 1453)

14.[ ]
1. ]
16.
17.[ ]

Other:

a. D Computer Readable Form (CRF)

b. ‘:I Specification Sequence Listing on:
i D CD-ROM (2 copies) or CD-R (2 copies); or
ii.l:‘ Paper

c. \:‘ Statements verifying identity of above copies

I:' This is a continuation reissue or divisional reissue application
(i.e., a second or subsequent reissue application for the same
issued patent). (Check box if applicable.)

18. CORRESPONDENCE ADDRESS

\Z The address associated with Customer Number; 148468

OR |:| Correspondence address below

Name

Address

City State

Zip Code

Country

Telephone

Email

7

Signature

/ M.C. Phillips /

Date

2026 April 30

\.

Name (Print/Type) Matthew C. Phl”lps

Registration No.

43,403

A Federal agency may not conduct or sponsor, and a person is not required to respond to, nor shall a person be subject to a penalty for failure to comply with an
information collection subject to the requirements of the Paperwork Reduction Act of 1995, unless the information collection has a currently valid OMB Control
Number. The OMB Control Number for this information collection is 0651-0033. Public burden for this form is estimated to average 30 minutes per response,
including the time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the
information collection. Send comments regarding this burden estimate or any other aspect of this information collection, including suggestions for reducing this
burden to the Chief Administrative Officer, United States Patent and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-1450 or email

InformationCollection@uspto.gov. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. If filing this completed form by mail, send to: Commissioner for

IPR2024-01212
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Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.



Doc Code: ADS PTO/AIA/14 (03-26)
Document Description: Application Data Sheet Approved for use through 11/30/2027. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

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

Attorney Docket Number | NBUS.001C1RE1

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention METHODS AND SYSTEMS FOR SPINAL RADIO FREQUENCY NEUROTOMY

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

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

Secrecy Order 37 CFR 5.2:

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

Inventor Information:

Inventor 1

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Robert E. Wright

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

City Sippy Downs Country of Residence i AU

Mailing Address of Inventor:

Address 1 Suite 3, Floor 2, 1 Courage Street

Address 2

City Sippy Downs ‘ State/Province ‘

Postal Code 4556 ‘ Countryi ‘ AU

Inventor 2

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Scott A Brandt

Residence Information (Select One) () US Residency (0 Non US Residency () Active US Military Service

City | Denver State/Province | CO | Country of Residencd | US

Mailing Address of Inventor:

Address 1 7400 E. Caley Ave., #150

Address 2

City Centennial ‘ State/Province ‘ CO
Postal Code ‘ 80111 ‘ Countryi ‘ us

All Inventors Must Be Listed - Additional Inventor Information blocks may be
generated within this form by selecting the Add button.

Correspondence Information:

IPR2024-01212
Avanos v. Stratus
Stratus Ex. 2052
PC.3.2.26 Page 2 of 198



PTO/AIA/14 (03-26)

Approved for use through 11/30/2027. OMB 0651-0032

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

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

Attorney Docket Number | NBUS.001C1RE1

Application Data Sheet 37 CFR 1.76 —
Application Number

Title of Invention METHODS AND SYSTEMS FOR SPINAL RADIO FREQUENCY NEUROTOMY

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

[ ] An Address is being provided for the correspondence Information of this application.

Customer Number 148468
Email Address docket@lpiplaw.com
Email Address mphillips@lpiplaw.com

Application Information:

Title of the Invention METHODS AND SYSTEMS FOR SPINAL RADIO FREQUENCY NEUROTOMY

Attorney Docket Number| NBUS.001C1RE1 Small Entity Status Claimed

Application Type Nonprovisional

Subject Matter Utility

Total Number of Drawing Sheets (if any) 19 Suggested Figure for Publication (if any) | 2A

Filing By Reference:

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

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). )
1
Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country
filed application

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

Request Not to Publish. | hereby request that the attached application not be published under
35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires

publication at eighteen months after filing.

Representative Information:

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

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

|IPR2024-0

Please Select One: (® Customer Number (O US Patent Practitioner | (O Limited Recognition (37 CRRafds). Str

e =
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PTO/AIA/14 (03-26)

Approved for use through 11/30/2027. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Data Sheet 37 CFR 1.76

Attorney Docket Number

NBUS.001C1RE1

Application Number

Title of Invention

METHODS AND SYSTEMS FOR SPINAL RADIO FREQUENCY NEUROTOMY

Customer Number

148468

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.

When referring to the current application, please leave the “Application Number” field blank.

Prior Application Status | Patented
Application - Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
reissued of 15/098673 2016-04-14 10736688 2020-08-11
Prior Application Status | Abandoned
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
15/098673 Continuation of 12/940974 2010-11-05
Prior Application Status | Expired _
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
12/940974 Claims benefit of provisional 61/347351 2010-05-21
Prior Application Status | Expired
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
12/940974 Claims benefit of provisional 61/280557 2009-11-05

by selecting the Add button.

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

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX)i the information will be used by the Office to

automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2).
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

Under the PDX program, applicant bears the ultimate

Application Number

Countryi

Filing Date (YYYY-MM-DD)

Access Codei (if applicable)

IPR2024-01212

PC.3.2.26

Avanos v, Stratus

Stratus Ex. 2052
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PTO/AIA/14 (03-26)

Approved for use through 11/30/2027. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

. . Attorney Docket Number
Application Data Sheet 37 CFR 1.76

NBUS.001C1RE1

Application Number

Title of Invention METHODS AND SYSTEMS FOR SPINAL RADIO FREQUENCY NEUROTOMY

Add button.

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

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

Applications

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March

[] 16, 2013.

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

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

PC.3.2.26

IPR2024-01212
Avanos v. Stratus
Stratus Ex. 2052
Page 5 of 198



PTO/AIA/14 (03-26)

Approved for use through 11/30/2027. OMB 0651-0032

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

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

. . Attorney Docket Number | NBUS.001C1RE1
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention METHODS AND SYSTEMS FOR SPINAL RADIO FREQUENCY NEUROTOMY

Authorization or Opt-Out of Authorization to Permit Access:

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

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

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate.

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

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide any foreign intellectual property office participating with the
USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign application claiming priority
to the instant patent application is filed, access to: (1) the instant patent application-as-filed and its related bibliographic
data, (2) any foreign or domestic application to which priority or benefit is claimed by the instant application and its
related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)(1).

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked,
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search
results from the instant patent application when a European patent application claiming priority to the instant patent
application is filed. See 37 CFR 1.14(h)(2).

The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention) requires applicants to submit a
copy of search results from the instant application without delay in a European patent application that claims priority to
the instant application.

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

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

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

IPR2024-0

212

Avanos v. Stratus
Stratus Ex. 2052
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PTO/AIA/14 (03-26)

Approved for use through 11/30/2027. OMB 0651-0032

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

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

Attorney Docket Number | NBUS.001C1RE1

Application Data Sheet 37 CFR 1.76 —
Application Number

Title of Invention METHODS AND SYSTEMS FOR SPINAL RADIO FREQUENCY NEUROTOMY

Applicant Information:

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

Applicant 1

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

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

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

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

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here.

Organization Name | gyt Medical, LLC

Mailing Address Information For Applicant:

Address 1 32303 FM-2978

Address 2

City Magnolia State/Province TX
Country | US Postal Code 77354
Phone Number Fax Number

Email Address

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

Assignee Information including Non-Applicant Assignee Information:

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

IPR2024-01212

Avanos v. Stratus

Stratus Ex. 2052

PC.3.2.26 Page 7 of 198



PTO/AIA/14 (03-26)

Approved for use through 11/30/2027. OMB 0651-0032

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

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

. . Attorney Docket Number | NBUS.001C1RE1
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention METHODS AND SYSTEMS FOR SPINAL RADIO FREQUENCY NEUROTOMY

Assignee 1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication. An assignee-applicant identified in the "Applicant Information”" section will appear on the patent application

publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

If the Assignee or Non-Applicant Assignee is an Organization check here.
Organization Name

Stratus Medical, LLC

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1 32303 FM-2978

Address 2

City Magnolia State/Province TX
Countryi Postal Code 77354
Phone Number Fax Number

Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by
selecting the Add button.

Signature:

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in
subsection 2 of the “Authorization or Opt-Out of Authorization to Permit Access” section, then this form must
also be signed in accordance with 37 CFR 1.14(c).

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given
power of attorney (e.g., see USPTO Form PTO/AIA/81) on behalf of all joint inventor-applicants.

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

Signature |/ M.C. Phillips / Date (YYYY-MM-DD)| 2026-04-30

First Name | Matthew Last Name | Phillips Registration Number | 43,403

Additional Signature may be generated within this form by selecting the Add button.

IPR2024-01212
Avanos v. Stratus
Stratus Ex. 2052

PC.3.2.26 Page 8 of 198



PTO/AIA/14 (03-26)

Approved for use through 11/30/2027. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number

NBUS.001C1RE1

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention METHODS AND SYSTEMS FOR SPINAL RADIO FREQUENCY NEUROTOMY

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

PC.3.2.26

IPR2024-01212
Avanos v. Stratus
Stratus Ex. 2052
Page 9 of 198



Doc Code: REIS.DECL

Document Description: Reissue Qath or Declaration PTO/AIADS (09-20)
Approved for use through 03/31/2026. OMB 0651-0033

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

Under the Paperwork Reduction Act of 1895, no persons are required 10 respond to a coltection of information untess it displays a valid OMB control number.

Docket Number (optional)
REISSUE APPLICATION DECLARATION BY THE ASSIGNEE NBUS.001C1RE1

| hereby declare that:
The residence and mailing address of the inventor or joint inventors are stated below.
Name of the Assignee:

Stratus Medical, LLC

I am authorized 1o act on behalf of the assignee (if the assignee is a juristic entity).

The entire title 1o the patent identified below is vested in said assignee, or if there are multiple assigneesfowners, alt
assignees/owners have executed a Reissue Application Declaration to account for the entire title of the patent identified
below.

Inventor Robert E. Wright
Residence: City State Country

Sippy Downs Queensland AU
Mailing Address

Suite 3, Floor 2, 1 Courage Street

City State Zip Country
Sippy Downs Queensland 4556 AU
Additional Inventors are named on separately numbered sheets attached hereto.
Patent Number 10,736,688 Patentlssue Date  Aygust 11, 2020

| believe said inventor(s) to be the original inventor or original joint inventors of the subject matter which is described and
claimed in said patent, for which a reissue patent is sought on the invention titled:

METHODS AND SYSTEMS FOR SPINAL RADIO FREQUENCY NEUROTOMY

the specification of which

is attached hereto.

] was filed on as reissue application number

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

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

| believe the original patent to be wholly or partly inoperative or invalid, for the reasons described below.
{Check all boxes that apply.)

D by reason of a defective specification or drawing.
[:l by reason of the patentee claiming more or less than he had the right to claim in the patent.

by reason of other errors.

{Page 1 of 2}

A Federal agency may not conduct or sponsor, and a persosn is not required ta respond to. nor shalt 3 person be subject to 3 penalty for laifure to comply with an
information coltection subject to the requirements of the Paperwork Reduction Act of 1995, unless the information collection has a curently valid OMB Control
Number. The OMB Control Number for this information collection is 0651-8033. Public burden for this form is estimated to average 46 minutes per response,
including the time for reviewing instructions. searching existing data sources. gathesing and maintaining the data needed. and completing and reviewing the
information coflaction. Send camments ragarding this burden estimate ar any other aspect of this information colfection. including suggestions for reducing
this burden to the Chie! Administrative Officer, United States Patent and Trademark Office. P.O. Box 1450, Alexandria. VA 22313-1450 or email
InfosrmationCollection@uspto.gov. 8O NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Cc isgi for Patents, P.O.
Box 1480, Alexandria, VA 22313-14560.

IPR2024-01212
Avanos v. Stratus
Stratus Ex. 2052
Page 10 of 198

if you need assistance in completing the form, call 1-800-PT(-8188 and sefect aption 2.



PTO/AIAIQE (09-20)
Approved for use through 03/31/2026. OMB 0651-0033
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Linder the Paperwork Reduction Act of 1885 no persons are required to respond fo a collection of information unless it displays a valid OMB control number.
REISSUE APPLICATION DECLARATION BY THE ASSIGNEE I Docket Number (Optionat}

At least one error upon which reissue is based is described below. If the reissue is a broadening
reissue, a claim that the application seeks to broaden must be identified and the box below must be checked:

Failure to include claims that recite one or more of the following: (1) Needle outer diameter less than or equal to 16 gauge, {2}
a radio frequency (RF) neurotomy needie, and {3) a spinal RF neurotomy procedure to ablate a medial branch nerve.

[Attach additional sheets, if needed.}

The application for the original patent was filed under 37 CFR 1.48 by the assignee of the entire interest.

| hereby appoint:
Practitioners associated with Customer Number. 148468

OR
[ ] Practitioner(s) named below:

Name Registration Number

as my/our attomey(s) or agent(s) to prosecute the application identified above, and to transact all business in the United
States Patent and Trademark Office connected therewith.

Correspondence Address: Direct alf communications about the application to:

¥ | The address associated with Customer Number
i 148468

Firm or
] individua
Name

Address

Gity | state | | zip |
Country
Telephone I Email l

WARNING:
Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card
numbers {other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by
the USPTO to support a petition or an application. If this type of personal information is included in documents submitted to
the USPTO, petitioners/applicants should consider redacting such personal information from the documents before submitting
them to the USPTO. 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 referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card
authorization forms PTQO-2038 submitted for payment purposes are not retained in the application file and therefore are not

publicly available. 7

Signature // W Date {Optionat) Aﬁ,' / 427, ,?026
A 4

Legal name of perstn signice™” Bret Boudousquie, CEQ
Address of Assignee .
32303 FM-2978, Magnolia, TX 77354
{Page 2 of 2}
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PTO/AIA/SS (12-22)

Appraved far use thraugh 03/31/2026. OMB 0851-0033

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

Under the Paperwark Reduction Act of 1998, no persons are required 1o respond to a collection of information untess it dispiays a valid OMB control number.

Dacket Number (Optional)
REISSUE APPLICATION: CONSENT OF ASSIGNEE; NBUS.001C1RE1
STATEMENT OF NON-ASSIGNMENT )

"This IS part of the application fof a reissue patent based on the ofiginal patent identiiied Delow.

Name of 5atentee(s)
Robert E. Wright, et al.

Patent Number Date Patent Issued
10,736,688 08/11/2020

Title of Invention

METHODS AND SYSTEMS FOR SPINAL RADIO FREQUENCY NEUROTOMY

1. D] Filed herein is a statement under 37 CFR 3.73(c). (Form PTO/AIA/96)

2. D Ownership of the patent is in the inventor(s), and no assignment of the patent is in effect.

One of boxes 1 or 2 above must be checked. If multiple assignees, complete this form for each assignee. If
box 2 is checked, skip the next entry and go directly to “Name of Assignee.”

The written consent of all assignees and inventors owning an undivided interest in the original
patent is included in this application for reissue.

The assignee(s) owning an undivided interest in said original patent is/are
Stratus Medical, LLC

and the assigneegsz consents {o the accomganzing application for reissue.

Name of assignee (if assigned)/inventor (if not assigned)

Stratus Medical, LLC

Signature Date

fpc[ 27, 2026

Typed or printed name and title of person signing for assignee (if assigned) ¥
Bret Boudousquie, CEO

A Federal agency may not conduct or sponsar, 3nd a person is not required te respond to, nor shall 3 person be subject to a penalty for failure to comply with
an information colfection subject to the requirements of the Paperwork Reduction Act of 1995, unless the information collection has a cusrently valid OMB
Control Number. The OMB Control Number for this information collection is 0651-0033. Public burden for this form is estimated to average 30 minutes per
response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and completing and
reviewing the information collection. Send comments regarding this burden estimate or any other aspect of this information collection, including suggestions
for reducing this burden to the Chief Administrative Officer, United States Patent and Trademark Office, £.0. Box 1450, Alexandria, VA 22313-1450 or amall
tnformationCollection@uspto.gov. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. If filing this completed form by mail, send to:
Commissioner for Patents, .0, Box 1450, Alexandria, VA 22313-1450.

if you need assistance in completing the form, calf 1-800-PT0-9198 and select oplion 2.

IPR2024-01212
Avanos v. Stratus
Stratus Ex. 2052
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PTO/AIA/BC (07-17)

Approved for use through 03/30/2025. OMB 0651-0035

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

Under the Paperwork Reduction Act af 1895, no person is required to respand to a8 collection of information unless it displays a valid OMB contral number

{ POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO ]

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

| hereby appoint:
Practitioners associated with Customer Number: | 148468
OR

D Practitioner{s} named below (if more than ten patent practitioners are to be named, then 3 customer number must be used):

ion s "
Registratiol Name Registration

Name Number Number

As attorney{s) or agent(s} to represent the undersigned before the United States Patent and Trademark Office {(USPTO} in connaction with
any and all patent applications assigned only to the undersigned according to the USPTO assignment records or assignment documents
attached to this form in accordance with 37 CFR 3.73{c).

Please change the correspondence address for the application identified in the attached statement
under 37 CFR 3.73(c) to:

The address associated with Customer Number: 1 48468
OR

l l Firm or individual name

Address

City State Zip

Country

Telephone Emait

Assignee name and address: g« madica LLC

32303 FM-2078

Magnotia, TX 77354
A copy of this form, together with a statement under 37 CFR 3.73{c} (Form PTO/AIA/96 or equivalent) is required to be
fited in each application in which this form is used. The statement under 37 CFR 3.73{c} may be completed by one of the
practitioners appointed in this form, and must identify the application in which this Power of Attorney is to be filed.

SIGNATURE of Assignee of Record

title is supplied below is authorized to act on behalf of the assignee.

Date 410{1 / Z 7 2026
Telephone 2’81-253—8863{

The individy,
. <
Signature

e

Name Bret Bmusquie
Title CEOQ

A Federal agency may not condutt or sponsar, and 3 person i not required to respond to, nor shall a person be subject to a panalty for falure 1o comply with an
information collection suhject to the requirements of the Paperwork Reduction Act of 1995, untess the information colfection has a currently valid OMB Control
Number. The OMB Cantrol Number for this information collection is 0651-0035. Public burden for this form is estimated to average 30 minutes per response,
including the time for reviewing instructions, seasching existing data sources, gathering and maintaining the data needed, and compieting and reviewing the
information collection. Sead comments regarding this burden estimate or any ather aspect of this information coliection, including suggestions for reducing this
burden to the Chief Administrative Officer, United States Patent and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-1450 or email
InformationCollection@uspto.gov. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. If filtng this completed form by mail, send to: Commissioner for
Patents, P.Q. Box 1450, Alexandria, VA 22313-1450.
if you need assistance in completing the form, calt 1-800-PT0-2199 and select option 2. IPR2024-01212
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PTO/AIA/96 (11-23)

Approved for use through 11/30/2027. OMB 0651-0031

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

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

STATEMENT UNDER 37 CFR 3.73(c)

First Named Inventor/Patent Owner:Robert E. Wright

Application No./Patent No.: 10,736,688 Filed/Issue Date: 2020 August 11
Titled: METHODS AND SYSTEMS FOR SPINAL RADIO FREQUENCY NEUROTOMY

Stratus Medical, LLC La limited liability company

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

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

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

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

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

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

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

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

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

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

B. A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:
1 From: Robert E. Wright and Scott A. Brandt To: Nimbus Concepts, LLC

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

Reel 39717 , Frame 0072 , or for which a copy thereof is attached*.
> From: Nimbus Concepts, LLC To: Biomerics, LLC

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

Reel 51813 , Frame 0965 , or for which a copy thereof is attached*.

[Page 1 of 2]
A Federal agency may not conduct or sponsor, and a person is not required to respond to, nor shall a person be subject to a penalty for failure to comply with
an information collection subject to the requirements of the Paperwork Reduction Act of 1995, unless the information collection has a currently valid OMB
Control Number. The OMB Control Number for this information collection is 0651-0031. Public burden for this form is estimated to average 15 minutes per
response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and completing and
reviewing the information collection. Send comments regarding this burden estimate or any other aspect of this information collection, including suggestions
for reducing this burden to the Chief Administrative Officer, United States Patent and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-1450 or email
InformationCollection@uspto.gov. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450)PR2024-01212
Alexandria, VA 22313-1450. Avanos V. Stratus
Stratus Ex. 2052
If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2. Page 14 of 198



PTO/AIA/96 (11-23)

Approved for use through 11/30/2027. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

3. From:

4. From:

5. From:

6. From:

STATEMENT UNDER 37 CFR 3.73(c)

Biomerics, LLC To: Stratus Medical, LLC

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

Reel 52837 , Frame 0846 , or for which a copy thereof is attached*.
To:

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

Reel , Frame , or for which a copy thereof is attached*.
To:

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

Reel , Frame , or for which a copy thereof is attached*.
To:

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

Reel , Frame , or for which a copy thereof is attached*.

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

*As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the

assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

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

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

/M.C. Phillips /

Signature

2026 April 30

Date

Matthew C. Phillips 43,403

Printed or Typed Name

Title or Registration Number

[Page 2 of 2]
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METHODS AND SYSTEMS FOR SPINAL
RADIO FREQUENCY NEUROTOMY

RELATED APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 12/940,974, filed on Nov. 5, 2010, which is
hereby inceorporated by reference in its entirety and which
claims the benefit of U.S. Provisional Patent App. No.
61/280,557, filed on Nov. 5, 2009, and U.S. Provisional
Patent App. No. 61/347.351, filed on May 21, 2010, both of
which are hereby incorporated by reference in their entirety.

FIELD OF THE INVENTION

The present invention relates to thermal ablation systems
and methods and, more specifically, to improved systems
and methods for performing Radio Frequency (RF) neu-
rotomy. The invention is particularly apt for spinal RF
neurotomy procedures.

BACKGROUND OF THE INVENTION

Thermal ablation involves the creation of temperature
changes suflicient to produce necrosis in a specific volume
of tissue within a patient. The target volume may be, for
example, a nerve or tumor. A significant challenge in abla-
tion therapy is to provide adequate treatment to the targeted
tissue while sparing the surrounding structures from injury.

RF ablation uses electrical energy transmitted into a target :

volume through an electrode to generate heat in the area of
the electrode tip. The radio waves emanaie from a non-
insulated distal portion of the electrode tip. The introduced
radiofrequency energy causes molecular strain, or ionic
agitation, in the area surrounding the electrode as the current
flows from the electrode tip to ground. The resulting strain
causes the temperature in the area surrounding the electrode
tip to rise. Temperature calibration or measurement devices,
for example thermocouples, in the electrode may provide
feedbhack and allow precise control of the temperatures
produced at the electrode tip.

RF neurotomy uses R} energy to cauterize a target nerve
to disrupt the ability of the nerve to transmit pain signals to
the brain. Known RF neurotomy methods typically use a
single RF probe generating a gencrally oval or oblate
spheroid lesion. The RE probe is positioned in an attempt to
include the target nerve within the oval or oblate spheroid
lesion. In various procedures, access 1o a target nerve may
be limited (e.g., limited to a restricted angular range),
thereby raising significant challenges to medical personnel
to create sufficient lesions to provide optimat clinical out-
comes. Additionally, anatomical variations of the nerve
location relative to anatomical landmarks provide additional
challenges.

SUMMARY OF THE INVENTION

The present invention is directed toward improved meth-
ods, systems, and related apparatuses for performing thermatl
ablation in general, and in particular. improved methods,
systems, and related apparatuses for performing RF neu-
rotomy, specifically in the region of the spine of a patient.

In one aspect, a needle is provided for use (e.g., insertion
into a patient) during an RF ablation procedure that com-
prises a hub, an elongate member fixed to the hub, a tip fixed
to the elongate member at a distal end thereof, and a plurality
of filaments disposed within at least a portion of the elongate
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member. The needle may further include an actuator inter-
connected to the plurality of filaments, wherein the actuator
may move relative to the hub so as to move the plurality of
filaments relative to the tip of the needle.

In one approach, the tip and first and second ones of the
plurality of filameuts are operable as a single monopolar RF
elecirode. By way of example, in one implementation the
needle may include a tumen disposed within the elongate
member, wherein the lumen and tip are configured to receive
an RF probe, wherein the tip and the first and second
filaments may be electrically connected to the RF probe for
delivery of an RF energy signal. In another implementation,
an RF probe may be integrated into the needle structure for
communication of an RF signal to the tip and plurality of
filaments.

{n another approach, the tip and the plurality of filaments
may be operable in a bipolar manner. For example, the tip
and/or one or more of the plurality of filaments may be
electrically interconnected to an RF energy source to com-
binatively operate as an active RF electrode. In turn, one or
a plurality of additional ones of the plurality of {ilaments
may be electrically interconnected to combinatively func-
tion as a return RIY electrode.

In a further aspect, the actuator may be operable to move
the plurality of filaments relative to the tip between a
retracted position and a deployed position, wherein in the
deploved position the plurality of filaments extend out-
wardly from the tip. In this regard, each filament may
comprise a distal end, wherein in a deployed position the
distal ends of the filaments each define a point, and wherein
the average of all the points is offset from a central longi-
tudinal axis of the elongate member.

In one embodiment, the average of distal end points of
first and second filaments may be at midpoint between such
distal ends. In certain embodiments, the distal end of each of
the plurality of filaments defines a vertex of a polygon,
wherein an average of corresponding points 1s a centroid of
the polygon.

In certain embodiments, a first filament and a second
filament may have corresponding distal ends which, together
with a distal end of the tip, define a potygon therebetween.
In this regard, in various implementations the plurality of
filaments may be disposed asymmetrically about a central
longitudinal axis of the clongate member in their deployed
position.

{n another aspect, a method for performing R} neurotomy
in a patient is provided (e.g., spinal RF neurotomy), and
includes the steps of moving a tip of a needle to a first
position proximate to a target nerve along the spine of a
patient, and after achieving the first position, advancing a
plurality of filaments relative to the tip to a deployed
position. After such positioning, the method may include the
step of applying RF energy to the tip and/or at least one of
the phurality of filaments, wherein said RF energy applica-
tion generates heat to ablate at least a portion of the target
nerve.

In one approach, the RF energy may be applied to the
needle tip and each of the plurality of filaments to yield
monopolar operation. In another approach, the RF energy
may be applied to the tip and/or one or more of the plurality
of filaments to define an active electrode, while one or more
additional one of the plurality of filaments are electrically
1solated to function as a return elecirode for bipolar opera-
tion.

In relation to the present invention it is recognized that, as
R} energy penetrates biological tissue, protein and water
melecules oscillate in response to the RF current and the
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tissue adjacent to the active needle tip heats secondary to
ionic friction. As the tissue heats, and coagulates, the bio-
physical properties of the tissue change. These lissue
changes limit penetration of the R} energy beyond a leading
edge defined by the shape and size of the active needle tip.
The size of a radiofrequency lesion using conventional
needle technology is limited regardless of the duration of
lesion or maximum temperature delivered.

The described invention overcomes this obstacle and
expands the effective area of RF energy delivery by increas-
ing the overall active tip surface area from which the RF
cnergy emanates. The vse of multiple filaments provides
additional conduits for RF energy creating a multipolar RF
field eflect. The size and specific conformation of the RF
lesion may be dictated by the location and orientation of the
filaments, and may be beneficially modified to suit a specific
anatomical application by changing the size, placement, and
number of filaments.

Additional aspects and advantages of the present inven-

tion will become apparent to one skilled in the art upon
consideration of the further description that follows. It
should be understood that the detailed description and
specific examples are intended for purposes of illustration
only and are not intended 1o limit the scope of the invention.
Furthermore, any of the above arrangements, features and/or
embodiments may be combined with any of the above
aspects where appropriate.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present inven-
tion and further advantages thereof, reference is now made
to the following Detailed Description of the Invention taken
in conjunction with the accompanying drawings, wherein:

FIG. 1 is a schematic diagram ol an RF neurotomy system
being used to perform RF neurotomy on a patient.

F1G. 2A s a perspective view of a needle that may be used
in an RF neurotomy procedure.

FIG. 2B is a cut away perspective view of a portion of the
needle of FIG. 2A.

FIG. 2C is a cut away view of a portion of an alternate
embodiment of a needle that may be used in an RF neu-
rotony procedure.

FIG. 3A is a detailed view of a tip of the needle of FIG.
2 A with filaments disposed in a fully deployed position.

FIG. 3B is a detailed view of a tip of the needle of FIG.

A with filaments disposed in a retracted position.
FIG. 3C is a detailed view of an alternate tip of the needle

of FIG. 2A with filaments disposed in a deployed position. 3

FIG. 4 is a schematic diagram of an RF probe assembly.

FIG. § is an end view of the needle of FIG. 2A.

F1G. 6 1s a side view of the tip of the needle of I'IG. 2A.

FIG. 7 is an end view of another alternate embodiment of
the needle of FIG. 2A.

FIG. 8 is an end view of another alternate embodiment of
the needle of FIG. 2A.

FIG. 9 is an end view of another aliernate embodiment of
the needle of I'IG. 2A.

FIG. 10 is a side view of another alternate embodiment of
the needle of FIG. 2A.

FIG. 11A is an illustration of an exemplary set of iso-
therms that may be created with the needle of FIG. 2A.

FIG. 11B is an ilustration of an exemplary lesion that
may be created with the needle of FIG. 2A.

FIG. 11C is an illustration of an exemplary lesion that
may be created with a single-filament needle.
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F1G. 12 is a perspective view of the needle of FIG. 2A
positioned relative to a lumbar vertebra for performing RF
neurotomy.

FIG. 13 is an illustration of a sacrum including target
lesion volumes for performing Sacroiliac Joint (SIJ) RF
neurotomy.

FIG. 14 is a perspective view of the needle of FIG. 2A
positioned relative to a thoracic vertebra for performing RF
neurotomy.

FIG. 15 is a perspective view of the needle of FIG. 2A
positioned relative to the C2/3 cervical zygapophyseal joint
(z joint) for performing cervical medial branch RF peu-
rotomy on the third occipital nerve.

DETAILED DESCRIPTION OF THE
INVENTION

in the following description, the invention is set forth in
the context of apparatus and methods for performing RF
ablation. More particularly, the systems and methods may be
used te perform RF neurotonmyy 1o ablate pertions of target
nerves. Even more particularly. the systems and methods
may be used to perform spinal RI' neurotomy to ablate
portions of target nerves along the spine of a patient to
relieve pain. For example, embodiments of methods and
apparatuses described herein relate to lumbar RF neurotomy
to denervate a facet joint between the [.4 and L5 lumbar
vertebrae. Denervation is achieved by application of RF
energy to a portion of a medial branch nerve to ablate or
cauterize a portion of the nerve, thus interrupting the ability
of the nerve to transmit signals to the central nervous
system. In another example, embodiments described herein
relate to sacroiliac joint RF neurotomy.

FIG. 1 is an illustration of an RF neurctomy system 100
for performing RF neurotomy on a patient 101. The patient
101 may be positioned face down on a table 109 or surface
to allow access along the spine of the patient 101. The table
109 may be made of radiolucent materials substantially
fransparent to x-rays. such as carbon fiber.

The system 100 may include an RF generator 102 capable
of generating an RF energy signal sufficient to ablate target
tissue (e.g. cause lesions in targeted volumes; cauterize
targeted portions ol target nerves). The RF generator 102
may, for example, be capable of delivering RF energy of
about 460,000-500,000 Hz. A needle 103 capable of con-
ducting (e.g., transmitting or directing) RF energy may be
interconnected to the RF generator 102 and may be used to
deliver an RF energy signal to a specific site within the
patient 101. Where the needle 103 is a monopolar device, a
return electrode pad 104 may be attached to the patient 101
to complete a circuit from the RF generator 102, through the
needle 103, through a portion of the patient 101, and back to
the RF generator 102 through the return electrode pad 104.
In other bipolar arrangements the needle 103 may comprise
at least one supply electrode and at least one return electrode
to define the circuit.

The RF generator 102 may be operable to control the RF
energy emanating from the needle 103 in a closed-loop
fashion. For example, the needle 103 and/or an RF probe
disposed within the needle 103 may contain a temperature
measurement device, such as a thermocouple, to measure the
temperature at the target tissue. Data may also be available
from the RF generator 102, such as power level and/or
impedance, which may also be used for closed-loop control
of the needle 103.

Tuming to FIG. 4, an exemplary RE probe assembly 400
compatible with the needle 103 is illustrated. The RF probe
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assembly 400 includes an RF probe 401 that may be inserted
into a patient (e.g., through needle 103) and may direct RF
energy to the target tissue. The RIF probe 401 may include
a thermocouple operable to measure temperature at a distal
end 402 of the RF probe 401. The RF probe assembly 400
may include a connector 403 and a cable 404 for use in
connecting the RF probe 401 to the RF generator 102.

Returning to FIG. 1, the system 100 may include an
imaging system 105 capable of producing internal images of
the patient 101 and the needle 103 to facilitate navigation of
the needle 103 during a procedure. The system 100 may
further include a display for displaying the generated images
to a physician performing the RF ablation procedure. In one
example, the imaging system 105 may be a fluoroscope
capable of generating real-time (wo dimensional images of
the needle 103 and internal structures of the patient 101. As
such, the imaging system may include an X-ray source 106,
an X-ray detector 107 and a controller 108. The X -ray source
106 and X-ray detector 107 may be mounted on a movable

structure (e.g., a C-arm), to facilitate capturing a variety of :

images of the patient 101 (e.g., at various angles or projec-
tion views). Alternatively, the imaging sysiem 105 may be
any ather appropriate imaging system, such as, for example,
a computed tomography (CT) scanner.

FIG. 2A is a detailed view of the needle 103 of the system
100 for performing RF neurotomy. The needle 103 may
include a tip 201 that tapers to a point 301 capable of
piercing the skin of 4 patient. The needle 103 may further
include an elongate member 203 connected to the tip 201 at

a distal end 202 of the needle 103 and connected to a hub :

204 at a proximal end 205 of the needle 103. The needle 103
includes a central longitudinal axis 223 that is disposed
along the center of the elongate member 203.

The needle 103 may iuclude a self-coutained mechanical
mechanism, in the form of deployable filaments 2064, 2065,
operable to expand the volume of effective RF energy
delivery as compared to known single-clectrode RF probes.
The filaments 206a, 2065 may be at least partially disposed
within the elongate member 203 and may be operable to
emerge through a side wall of the needle 103 proximate to
the distal end 202 of the needle 103. Alternatively, the needle
103 may include a single filament or three or more filaments.
The filaments 2064, 2065 allow oflsetting and/or contouring
of the lesion geometry produced using the needle 103 to
match a desired target volume. The filaments 2064, 2065
may be deployable and/or retractable by moving an actator
216 relative to the hub 204.

As will be further described, the needle 103 may further
include a tube 207 that includes a lumen therethrough. The

lumen may be used to transport fluids to and/or from the 3

target volume. The lumen may also accept the RF probe 401
for delivery of RF energy to the target volume. In an
alternate embodiment, the RF probe 401 may be integrated
into the needie 103. In such an embodiment, the tube 207

need not be present for RF energy delivery, although it may s

be included to facilitate ftuid delivery. The filaments 206a,
2065 may include lumens therethrough for the transportation
of fluid to and/or from the target volume. The filaments
206a, 2065 may function as thermocouples.

As RIY energy penetrates biological tissue, protein and
water molecules oscillate in response to the RF current and
the tissue adjacent to the RF electrode is heated. As the tissue
heats and coagulates, the biophysical properties of the tissue
change. These tissue changes limit penetration of the RF
energy beyond a leading edge defined by the shape and size
of an active needle tip. Accordingly, the size of a radiotre-
quency lesion using conventional single needle technology
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6
is thus practically limited after achievement of a certain
temperature delivered for a certain time.

The needle 103 with deployable filaments 206a, 2065
overcomes this obstacle and expands the effective area of RF
energy delivery by providing multiple locations {e.g., tip 201
and filaments 206a. 2065) from which the RF energy
emanates. The use of multiple filaments 206a, 2065 provides
additional conduits for RF energy creating a multiple elec-
trode RV field effect. The size, shape and location of a lesion
created with the needle 103 may be established by the
quantity, location and orientation of the filaments, and may
be beneficially modified to suit a specific anatomical appli-
cation by changing various aspects of the filaments as
discussed below.

Where it is desired to creale a lesion offset from the
central longitudinal axis 223, the lesion may be preferen-
tially offset in a desired direction trom the central longitu-
dinal axis 223 by rotationally orienting the needle 103.
Moreover, the needle 103 may be used to create a lesion
offset from the central longitudinal axis 223 in a first
direction. Then, the filaments 206, 2065 may be retracted,
the needle 103 rotated, and the filaments 206a, 2065 re-
deployed to create a lesion offset from the central longita-
dinal axis 223 in a second direction.

FIGS. 3A and 3B are detailed views of the distal end 202
of the needle 103 that includes the tip 201. The tip 201 may
include the sharpened point 301 for piercing the skin of a
patient and facilitating advancement through tissue. The tip
201 may further include a tapered portion 302 that transi-
tions the tip 201 from the point 301 to a body portion 303.
The body portion 303 is the portion of the tip 201 that is
disposed proximal to the tapered portion 302. The body
portion 303 may be cylindrical as illustrated, or it may be of
any other appropriate shape. The body portion 303 may have
a cross-section that coincides with the cross section of the
elongate member 203.

The tip 201 may act as an RF energy delivery clement. As
stch, the tip 201 may be made from a conductive material
such as, for example, stainless steel. The tip 201 may be
coated. The tip 201 material and optional coating may be
selected to improve radiopacity, improve and/or alter RF
energy conduction, improve lubricity and/or reduce tissue
adhesion.

The tip 201 may include filament port or slot 304a (not
visible in the views of FIGS. 3A and 3B) and filament port
or slot 3045. The geometry of the filament slots 304a, 3045
may be selected to allow filaments 206a, 2065 to be
adequately retracted (e.g., such that they are disposed within
a cross-sectional envelope of the body portion 303 of the tip
201) while the needle 103 is inserted into the body, so that
the filaments 206a, 2065 do nol cause any unintended
damage to the patient. Such positioning of the filament slots
304a, 3045 avoids baving filament exit features on the
tapered portion 302 and thus avoids potential coring that
could be caused by such positioning.

The internal geometry of the filament slots 304a, 3045
may be designed such that the filaments 206a, 2065 may be
easily retracted and advanced. For example, the internal
geometry of the filament slots 304a, 3045 may include a
transition region 305 that meets the outer surface of the body
portion 303 at an angle of about 30 degrees. The transition
region 305 may, for example, be curved or planar. Thus,
when the filaments 2064, 2065 are in the form of a member
without a pre-set bias (e.g., substantially straight), advance-
ment of the filaments 206a, 2065 relative to the filament
slots 304a, 3045, will cause the filaments 2064, 2065 to be
deflected outwardly as the filaments 206a. 2065 move
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distally along the transition region 305. Depending on the
positioning of the transition region 305 relative to where the
filaments 2064, 2065 are confined (e.g., in the needle 103 of
FIG. 3A the filaments 206a, 2065 are confined to only
longitudinal movement where they enter into the elongate
member 203} and on the mechanical properties of the
filaments 206a, 2065, various deployment angles of the
filaments 206a, 2065 relative to the central longitudinal axis
223 may be achieved. Generally, the portions of the fila-
ments 2064, 2065 that extend owtwardly away from the
filament slots 304a, 3045 may be unrestrained and thus may
take any appropriate form. For example, where there is no
pre-set bias, the portions of the filaments that extend out-
wardly away from the filament slots (and therefore from the
tip) may be substantially straight, such as shown in FIGS.
2A, 3A, 3C, 6, 11A-11C and 14. Where a pre-set bias is
present. the portions of the filaments that extend outwardly
away from the filament slots may take any appropriate
shape, such as, lor example, curved as shown in FIG. 10.
The radial orientation of the filament slots 304a. 3045
may be selected such that a center point beiween the filament
slots 304qa, 3045 does not coincide with the central longi-
tudinal axis 223. For example, as shown in FIGS. 2ZA, 3A
and 3B, the filament slots 304a, 3046 may be positioned
such that they are about 120 degrees apart about the cir-
cumference of the tip 201. Other filament slot configurations
may be configured to achieve the filament placements dis-
cussed below. These configurations may be achieved by

varying the quantity of filament slots, the placement of :

filament slots about the circumference of the tip 201, and/or
the placement of filament slots along the center longitudinal
axis 223 to achieve the filament placements discussed below.

As noted above, and illustrated in FIGS. 3A and 3B, the
needle 103 may comprise a tube 207 that includes a lumen
222 therethrough, The lumen 222 may be employved
accept the RF probe 40 for delivery of RF energy and/or for
the transport of fluids. In this regard, the tip 201 may further
include a fluid port 210 that may be in fluid communication
via a channel through the tip 201 with the lumen 222. The
fluid port 210 may be centrally located or it may be located
offset from the center longitudinal axis 223 as shown in
FIGS. 2A and 3A. The fluid port 210 may be used to transfer
fluid between the region of the tip 201 and the proximal end
205 of the needle 103. For example. during an RF neu-
rotomy procedure, an anesthetic and/or an image enhancing
dye may be introduced into the region of tissue around the
tip 201 through the fluid port 210. In an alternate embodi-
ment, the fluid pert 216 may be located along the body
portion 303 of the tip 201.

As may be appreciated, the channel throvgh the tip 201
may be sized to accommodate a tip of the RF probe 401 that
may be inserted into the needle 103. The channel may be
sized such that RF energy from the inserted RF probe 401 is
satisfactorily passed from the RF probe 401 to the tip 201
and Hlaments 206q, 2065,

The elongate member 203 may be in the form of a hollow
tube (e.g., sheath, cannula) interconnecting the tip 201 with
the hub 204. The elongate member 203 may be configured
with adequate strength to allow the needle 103 to pierce the
patient’s skin and advance to a target area through various
tissue types, including, for example, fat and muscle tissue.
The elongate member 203 may also be capable of resisting
kinking as it is advanced. In an alternate embodiment, the
clongate member 203 may be a rod with a plurality of
lumens along its length to accommodate filaments 206a,
2065h, the RF probe 401, and/or a fluid passage.
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The elongate member 203 houses portions of the fila-
ments 206a, 20656 and the tube 207, and allows for relative
movement of the filaments 206a, 2065. The eclongate mem-
ber 203 may be of any appropriate size and internal con-
figuration to allow insertion into the patient 101 and o house
componentry therein. In an exemplary embodiment, the
elongate member 203 may, for example, be a 16 gauge round
tube or smaller. For example, the elongate member 203 may
be 18 or 20 gauge. For example, the elongate member may
have a maximum cross dimension of at most about 1.7 mm.
In another example, the elongate member may have a
maximum cross dimension of at most about 1 mm. The
elongate member 203 may have a length selected for per-
forming a specific spinal RF neuvrotomy procedure on a
particular patient. The elongate member 203 may be con-
structed from an insulative material to reduce the amount of
RF energy emitted along the length of the elongate member
203 when the RF probe 401 is disposed therein. For
example, the elongate member 203 may be constructed from
polvmeric, ceramic or other insulative material. The elon-
gate member 203 may include a coating that may improve
radiopacity to aid in visualization of the position of the
needle 103 using fluoroscopy. The elongate member 203
may include a coating to improve its insulative properties.
The elongate member 203 may include a lubricious coating
to improve its ability to be inserted and positioned within the
patient and to reduce tissue adhesion. The elongate member
203 may include markers 224 along its length to assist in
determining the depth to which the needle 103 has entered
into the anatomy. Such markers 224 may be radiopaque so
that they may be viewed under tluoroscopy. A collar (not
shown) may be disposed about the elongate member 203 to
assist in placement of the tip 201 of the needle 103. For
example, the tip 201 may be positioned in a first position, the
collar may then be placed against the patient’s 101 skin, and
then the needle 103 may be withdrawn a certain distance.
Such a distance will be indicated by the distance between the
collar and the patient’s 101 skin.

The elongate member 203 may be fixedly interconnected
to the tip 201 and hub 204 in any appropriate manner. For
example, the tip 201 may be press fit into the clongate
member 203 and the elongale member 203 may be press [it
into the hub 204. Other possible methods of attachment
include adhesive bonding and welding. In an alternate
embodiment, the elongate member 203 and the tip 201 may
be a single unitary structure. The elongate member 203 may
be steerable and incorporate controlling mechanisms allow-
ing the elongate member 203 1o be deflected or steered after
insertion into the anatomy.

The tube 207 containing the lumen 222 may be con-
structed from any appropriate material. For example, the
tube 207 may be constructed from a conductive material,
such as stainless steel, such that when the RF probe 401 is
inserted within the tube 207, the RF energy emitted by the
RF probe 401 may be conducted through the tube 207 and
into and through the tip 201 and filaments 206A, 2065. The
tube 207 may be interconnected to the tip 201 such that the
lumen 222 s in sealed, fluid communication with the
channel through the tip 201. This may be accomplished by
a press fit, weld, or any other appropriate method.

As noted, the lumen 222 may be in fluid communication
with the tip 201 at the distal end 202. A proximal end of the
lumen 222 may be disposed at the proximal end 205 of the
needle 103. In this regard. the lumen 222 may run from the
distal end 202 to the proximal end 205 with the only access
being at the distal and proximal ends. Furthermore, the
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himen 222 may be the only lumen of the needle 103
disposed along the elongate member 103.

Accordingly, the RI* probe 401 inserted into the lumen
222 may be positioned such that an end of the RF probe 401
is proximate the tip 201. For example, the RF probe 401 may
be positioned such that the distal end 402 of the RF probe
401 1s in the lnmen 222 near the tip 201 or in the chanunel
through the tip 201. Thus, RF energy transmitted through the
RF probe 401 may be conducted by the tip 201 and filaments
206a, 2065. The size of the lumen 222 may be selected to
accommodate a particular size of RF probe 401. For
example, for a 22 gauge RF probe 401, at least a 21 gauge
or larger lumen 222 may be employed. For example, the
lomen 222 may have a maximum cross-dimension of less
than about 0.85 mm.

The proximal end of the tube 207 may be operable to
receive the RY probe 401. Moreover, the proximal end ot the
tube 207 and the actuator 216 may be configured to accept
a connector, such as a Luer fitting, such that a fluid source
may be connected to the tube 207.

As ilustrated in FIGS. 2A and 3A, the needle 103
includes two filaments 206a, 2065 disposed within and
along elengate member 203. Distal ends of the filaments
206a, 2065 are disposed proximate to the tip 201 and
proximal ends of the filaments 2064, 2065 are fixed to a
filament hub 221 discussed below. The filaments 2064, 2065
are movable along the central longitudinal axis 223 between
a fully deployed position as illustrated in FIGS. 2A and 3A
and a retracted position illustrated in FIG. 3B. Moving the
filaments 206a, 2065 distally from the retracted position
moves the filaments 2064, 2065 toward the fully deployed
position, while moving the filaments 206a, 2065 proximally
from the deployed position moves the filaments 206a, 2065
toward the retracted position. The filaments 2064, 2065 may
be deployed in intermediate positions between the fully
deployed positions and the retracted positions.

In the fully deployed position as shown in FIG. 3A, the
distal ends of the filaments 2064, 2065 are disposed away
from the tip 201. In the refracted position as shown in FIG.
3B, the distal ends of the filaments 2064, 2065 are disposed
entirely within an outer perimeter (e.g.. circumference
where the non-tapered portion 303 of the tip 201 is round)
of the tip 201. In the deployed position, the filuments 2064,
206b act as broadcast antennae for the RF probe 401 (e.g.,
RF energy passes from the RF probe 401 to tip 201 and
filaments 2064, 2065, and into a target volume within the
patient 101). In this regard, together, the RF probe 401
inserted into the tumen 222, the tip 201, and the filaments
206a, 2065, may form a monopolar electrode for application

of RF energy to the target volume. The filaments 2064, 2065 3

allow the RF energy {rom the RF probe 401 to be dispersed
over a larger volume than would be possible with the tip 201
alone.

The filaments 206a, 2065 may be constructed from a
material operable to conduct RF energy, e.¢., a metal such as
stainless steel, Nitinol or shape memory alloy. The filaments
2064, 2065 may be coated to enhance their ability to conduct
RF energy. The filaments 2064, 2066 may include a lubri-
cious coating to aid in insertion and/or reduce tissue adhe-
sion. The distal ends of the filaments 2064, 2065 may be
shaped (e.g., pointed) to improve their ability to move
through tissue.

The positioning of the filaments 206a, 2065 of the
embodiment illustrated in FIGS. 2A and 3A will now be
described in relation to FIG. 5. FIG. 5 is an end view of the
tip 201 and deployed filaments 206a, 2065 of the embodi-
ment illustrated in FIGS. 2A and 3A. The filaments 2064,
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206b are positioned at a filament angle 503 of about 120
degrees apart from each other about the central longitudinal
axis 223. This coincides with the positions of the filament
slots 304a. 3045 discussed above since the filaments 206q,
2065 emerge from the filament siots 304a, 304b. Accord-
ingly, a filament-free angle 504 of about 240 degrees is
defined as the largest angle about the circumference of the
tip 201 that is free of ilaments 2064, 2065. In an embodi-
ment consisting of two filaments, the filament angle 503 may
be less than 180 degrees and the filament-free angle 504 may
be correspondingly greater than 180 degrees (e.g., greater
than 200 degrees or greater than 240 degrees).

In FIG. 5, the central longitudinal axis 223 is perpendicu-
lar to the plane of the illustration. A midpoint 502 is defined
between distal ends 501a, 5015 of the filaments 2064, 2065,
respectively. The midpoint 502 is offset from the central
longitudinal axis 223. For example, in an embodiment, the
midpoint 502 may be offset from the central longitudinal
axis 223 by about 2 mm. Accordingly, when RF energy is
transmitted from the tip 201 and filaments 2064, 2065, it will
be transmitted asymmelrically with respect to the cenltral
longitudinal axis 223 as energy will be emitted from the tip
201 and the filaments 206a, 2065. As oriented in I[F1(3. 5, the
energy will be biased in an upward direction in the direction
from the point 301 toward the midpoint 502. Thus, when R
energy is transmitted during an RF neurotomy procedure, a
lesion will be created that is correspondingly offset from the
central longitudinal axis 223 in the direction from the point
301 toward the midpoint 502.

FIG. 6 is a side view of the tip 201 and filaments 2064,
2064 oriented such that deployed filament 2065 is disposed
entirely within the plane of the figure. The filaments 206q,
206b extend from the tip 201 at a common distance, or
location, along the central longitudinal axis 223. The fila-
ment 2065 is deflected radially outwardly from the central
longitudinal axis 223. The filament 2065 emerges from the
tip 201 at an angle 601 of about 30 degrees as dictated by the
positioning of the transition region 305 relative to where the
filament 2065 is confined and on the mechanical properties
of the filament 2065 (as previously discussed). Also, it is
noted that the distal tips 501a, 5015 are positioned distally
beyond the point 301 by a distance 602 and are disposed at
a distance 603 from the central longitudinal axis 223. In the
embodiment illustrated in FIG. 6, the distance 602 may be
about 3.5 mm and the distance 603 may be about 3 mm.
Such an arrangement may distally offset a lesion created by
the needle 103 as compared to a lesion created with a tip
without filaments or a lesion created with the needle 103
with the filaments 206a, 2065 in the retracted position.

Accordingly, the filament 2064, 2065 arrangement illus-
trated in FIGS. 2A, 3A, 3B, 5 and 6 may be operable to
produce lesions that are radially offset from the central
longitudinal axis 223 and distally offset from the poiat 301
as compared to a lesion created by the tip 201 without the
filaments or a lesion created with the needle 103 with the
filaments 2064, 2065 in the retracted position.

Variations of filament positions and configurations from
those illustrated in FIGS. 2A, 3A, 3B, 5 and 6 will now be
addressed. Varations in the relative shapes, positions and
sizes of lesions created with the needle 103 may be achieved
by repositioning the filaments. For example. as noted above,
the lesion produced by the needle 103 will be in different
positions depending on whether the filaments are in the
deploved or refracted positions. Accordingly, intermediately
shaped, positioned and/or sized lesions may be achieved by
positioning the filaments in intermediate positions between
the fully deployed or refracted positions. Thus, for any given
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configuration of deployable filaments discussed herein, the
positions and/or sizes of lesions created by those configu-
rations may be varied by varying the positioning of the
filaments to intermediate positions between the fully
deployed and retracted positions. As noted above, the needle
103 with deployed filaments is operable to produce larger
lesion volumes than the needle 103 with retracted filaments.
For example, the needle 103 with {ully deployed {ilaments
may be operable to produce lesion volumes of about 500
mm?.

Further variation in the shape, position and/or size of
lesions created by needles with deployable filaments may be
achieved by different configurations of filaments. Variations
may include variations in materials, the number of filaments,
the radial positioning of the filaments, the axial positioning
of the filaments, the length of the filaments, the angle at
which the filaments exit the tip, and the shape of the
filaments. By varying these parameters the needle may be
configured to produce lesions of various sizes and shapes

that are positioned at various locations relative to the tip. :

Such variations may be specifically tailored to be used in
specific procedures, such as RF neurotomy procedures of
particular nerves adjacent to particular vertebrae.
Variations of the materials used for the tip and/or the
filaments may be selected to achieve particular lesion sizes,
positions and/or shapes. For example, the tip may be made
form a material that does not conduct RF energy. In such an
embodiment, RF energy {rom the RF probe 401 may be
conducted by substantially only the deployed filaments.

Such an arrangement may provide for a lesion with a larger :

offset from the central Jongitudinal axis 223 than would be
produced where the tip conducts RF energy and acts as an
electrode along with the filaments.

Aunother material-related variation that may affect lesion
shape, size and/or position is the addition and placement of
ingulation over the lip and/or filaments. For examiple, by
placing a layer of insulation over the proximal half of the
portions of the filaments that extend from the tip when in the
deployed position, the shape of the lesion may be altered
since RF energy may primarily emanate from the distal,
non-insulated portion of the filaments. Similarly, insulation
may be added to the tip to alter the RF energy delivered from
the tip.

Moreover, the materials used in making the filaments and
tip may be selected based on RI conductivity. For example,
by using a material for the tip that is less conductive of RF
energy. the proportion of RF energy emanating from the tip
as compared to that emanating from the filaments may be
altered resulting in a corresponding change in lesion size,
position and/or shape.

The RF needles and RF probes discussed herein may be
constructed from materials that are Magnetic Resonance
Imaging (MR}) compatible. As such, MRI equipment may
be used to verify the positioning of such RF needles and/or

meonitor the progress of an ablation procedure (e.g., RF 3

neurotomy) using such RF needles.

Variations of the nomber of filaments used for needle may
be selected to achieve particular lesion sizes, positions
and/or shapes. For example, as illustrated in FIG. 7, & third
filament 701 may extend from tip 201" in a position between
filaments 206a, 2065. The tips 501a, 5015 of the filaments
206a. 206b and a tip 702 of filament 701 may form a
polvgon 703 that has a centroid 704. The centroid 704 is
offset {rom the central longitudinal axis 223. Suvch an
arrangement may produce a lesion that is offset from the
central longitudinal axis 223 to a ditferent degree than, and
shaped differently than, a lesion created by the needle of
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FIG. 5. In general, where a centroid of a polygon formed by
the tips of filaments (or, in the case where there are two
filaments, the midpoint between them) is offset from the
central longitudinal axis 223, a lesion created by such a
configuration will be correspondingly oflset from the central
longitudinal axis 223. The filaments 206a, 2065, 702 are
positioned within the same filament angle 503 of about 120
degrees as in the embodiment of FI1G. 5. Furthermore, the
embodiment of FIG. 7 has a filameunt-free angle 504 of about
240 degrees, also the same as in the embodiment of FIG. 5.
In general, where the filaments are positioned within an arc
that is less than 180 degrees, resultant lesions will be offset
from the central longitudinal axis 223 in the direction of the
filaments. In general, in an embodiment consisting of three
or more filaments where the filaments are positioned within
an arc that is less than 180 degrees, the filament-free angle
may be correspondingly greater than 180 degrees (e.g.,
greater than 200 degrees or greater than 240 degrees).

Variations in the radial positioning of filaments of a
needle may be selected to achieve particular lesion sizes,
positions and/or shapes. For example, as illustrated in FIG.
8, four filaments 8014-801d are positioned about a tip 201".
The tips of the filaments 801¢-8014 may form a polygon 802
that has a centroid 803. Such an arrangement may produce
a lesion whose center is offset from the central longitudinal
axis 223 in the direction of the centroid 803. The filaments
801a-801d are positioned within a filament angle 804 of
about 200 degrees. Furthermore, the embodiment of FIG. 8
has a filament-free angle 805 (i.e., the largest angle about the
circumference of the tip 201" that is free of filaments) of
about 160 degrees. It will be appreciated that, as illustrated
in FIG. 8, a configuration capable of producing a lesion
offset from the central longitadinal axis 223 may have a
filament-free angle that is less than 180 degrees.

In the above-described embodiment of FIGS. 2A, 3A, 3B,
5, and 6 with two filaments, a midpoint 502 between the
filaments was discussed. In embodiments with more than
two filaments, a centroid of a polygon formed by the distal
ends of the filaments was discussed. Both the midpoints and
the centroids may be considered to be “average™ points of
the filaments for their particular configurations. In such
embodiments, the midpoint between filaments in two-fila-
ment embodiments and the centroid of the polygon in
embodiments with more than two filaments may be offset
from the central longitudinal axis of the elongate member.
For example, the midpoint or centroid may be offset from
the central longitudinal axis by 1 mm or more. In embodi-
ments, the polygon may lie in a plane perpendicuvlar to the
central longitudinal axis.

As illustrated in, for example, FIGS. 2A, 3A,3C, 5,7, 8
and 9 the distal ends of the filaments when fully deployed
may be disposed in a common plane. In an embodiment, the
common plane may be disposed perpendicular to the central
longitudinal axis. Such a common plane for the distal ends
of deployed filaments may be disposed distally from the
distal end of the tip.

As illustrated 1n, for example, FIGS. 2A, 3A, 3C, 5 and 7
the filaments of the needle may be deployed on a common
side of a central plane of the needle (where the central
longitudinal axis is disposed entirely within the central
plane). In such embodiments, the distal ends of the fully
deploved filaments may all be disposed on a common side
of the central plane. Such a configuration may enable the
needle to be used to create a lesion that is offset from the tip
of the needle to the same side of the central plane as the
deployed filament ends.
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As illustrated, inter alia, in FIG. 2A. the filaments when
fully deployed may point in an at least partially distal
direction. In this regard, a vector extending axially from the
distal end of a filament and coinciding with a central axis of
the filament at the end of the filament has at least some distal
component. Accordingly, the fully deployed filaments
embodiments shown in FIGS. 2A, 3A and 10 all point in an
at least partially distal direction.

In another variation of the radial positioning of filaments
of a needle, the filaments may be uniformly distributed about
the circumference of the tip. Such an embodiment is illus-
trated in FIG. 9. The needle of FIG. 9 includes 3 equally
distributed filaments 901a, 9015, 901¢. Consequently, the
angles 902a, 9025, 902¢ between the filaments 901a, 9015,
901¢ may each equal 120 degrees. Such a needle may be
operable to produce a lesion that is generally centered along
the central longitudinal axis 223. However, the position of
the produced lesion axially along the central longitudinal
axis 223 may be determined by the configuration of the

filaments. For example, relatively longer filaments may be :

operable to produce lesions that are positioned distal to
lesions produced by configurations with relatively shorter
filaments.

Variations in the axial positioning of where deployed
filaments emerge from the tip of a needle may be selected to
achieve particular lesion sizes, positions and/or shapes. For
example, returning to FIG. 7, if the third filament 701 of the
embodiment of FIG. 7 were axially positioned such that it is
distal to filaments 206q, 2065, the resultant lesion may be

produced may be longer along the central longitudinal axis :

223 than that of an embodiment where the filaments 2064,
2065, 701 are positioned at the same point along the central
longitudinal axis 223. In another variation, as deployed, two
or more filaments may be disposed at the same radial
position and at different axial positions. Such embodiments
may include multiple rows of filaments.

The lengths of filaments beyond the tip (when the fila-
ments are in the deployed position) in a needle may be
varied to achieve particular lesion sizes, positions and/or
shapes. For example, increasing the length of the deployed
portions of the filaments 206a and 2065 of the embodiment
illustrated in FIGS. 5 and 6 may result in a needle capable
of producing lesions that are more distally positioned than
those created by the embodiment as shown in FIGS. 5 and
6. The effects of lengthening or shortening the deployed
length of the filaments are similar to those discussed above
with respect to partially deploying filaments.

Embodiments of a needle may include deployed filaments
of different lengths. Where all of the filaments of a particular

needle are moved by a common actuator, such variations 3

may be achieved by varying the overall length of the
filaments. In such an embodiment, the end points of the
shorter filaments may be retracted further into the tip or
elongate member than longer filaments. The effects of

lengthening or shortening the deployed length of the fila- s

ments are similar (o those discussed above with respect Lo
variations in the axial positioning of where deployed fila-
ments emerge from the tip of the needle.

The angle (such as angle 601 of FIG. 6) at which a
filament exits a tip may be varied to achieve particular lesion
sizes, positions and/or shapes. For example, an embodiment
similar to the embodiment of FIGS. 5§ and 6, but where the
deployed filaments are at a 60 degree angle instead of the 30
degree angle shown in FIG. 6, may be operable to produce
a lesion that has a larger maximum cross-sectional dimen-
sion in a plane perpendicular to the central longitudinal axis
223 than the embodiment of FIGS. 5 and 6. This may be due
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to the filaments emanating RF energy at a distance further
away from the central longitudinal axis than the embodiment
of FIGS. 5 and 6. A particular embodiment of the needle may
include deployed filaments at different angles relative to the
central longitudinal axis.

The shapes of the portions of the filaments that extend
away from the tip may be varied to achieve particular lesion
sizes, positions and/or shapes. For example, FIG. 10 illus-
trates the tip 201 and filaments 1001a, 10015, where the
portions of the filaments 10014, 10015 that extend beyond
the tip 201 are curved. Such curvatures may be achieved by,
for example, filaments that comprise a shape memory alloy
(e.g., Nitinol) or spring material. When the filaments 10014,
10015 are retracted, the shape of the tip 201 and/or elongate
member 203 may keep the filaments 1001q, 10015 in a
constrained straightened position. As the filaments 1001a,
10015 are advanced toward the fully deployed position, they
become unconstrained and return to their curved shape as
shown in FIG. 10. The deployed shape of the filaments
1001e, 10015 may be predetermined, or the filaments
10014, 10015 may be made from a material that may be
shaped by a user prior to insertion.

The curved filaments 1001a, 10015 of FIG. 10 are posi-
tioned within planes that include the central longitudinal
axis 223. In other embodiments, the filaments 1001a, 10015
may be curved in other directions, such as in a corkscrew
arrangement. This may be beneficial to assist the filaments
in remaining anchored to the tissue during delivery of RF
energy. The curved filaments 1001a, 10015 of FIG. 10 may
be operable to produce a flatter (in a plane perpendicular to
the central longitudinal axis 223) lesion than the straight
filaments 2064, 2065 of FIG. 6.

FIG. 3C is a detailed view of the distal end 310 of a needle
309 that is an alternate embodiment of the needle 103. The
distal end 310 includes a tip 311 that may include a sharp-
ened point 312 for piercing the skin of a patient and
facilitating advancement through tissue. The tip 311 may
further include a tapered portion 313 that transitions the tip
311 from the point 312 to a first body portion 314. The first
body portion 314 may be connected to a second body portion
315 at an angle 316. In an exemplary embodiment, the angle
316 may be about 15°. The second body portion 315 may be
aligned with an elongate member 317. The elongate member
317 may be similarly configured as the elongate member
203 of FIGS. 3A and 3B. The angle 316 between the first
body portion 314 and the second body portion 315 may aid
the physician in navigating the needle 309 to a desired
position. For example, by rotating the needle 309 such that
the first body portion 314 is pointing in a desired direction,
subsequent advancement of the needle 309 may result in the
needle 309 following a non-straight path biased toward the
desired direction.

The first and second body portions 314, 315 may be
cylindrical as iltustrated, or they may be of any other
appropriate shape. The first and second body portions 314,
315 may have cross-sections that coincide with the cross
section of the elongate member 317.

The tip 311, or a non-insulated portion thereof, may act as
an RF energy delivery element. As such, the tip 311 may be
made from a conductive material such as, for example,
stainless steel. The tip 311 may be coated. The tip 311
material and optional coating may be selected to improve
radiopacity, improve and/or alter RF energy conduction,
improve lubricity and/or reduce tissue adhesion.

The tip 311 may include filament slot 318« and filament
slot 3185. The geometry of the filament slots 318a, 3186
may be selected to allow filaments 319a, 3196 to be
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adequately retracted (e.g., such that they are disposed within
a cross-sectional envelope of the second body portion 315)
while the needle 309 is inserted into the body, so that the
filaments 319a, 3195 do not cause any unintended damage
to the patient. Such positioning of the filament slots 318a,
3185 avoids having filament exit features on the tapered
portion 313 and on the first body portion 314 and thus avoids
potential coring that could be caused by such positioning.

The iaternal geometry of the filament slots 318, 3185
may be designed such that the filaments 3194, 3195 may be
retracted and advanced. For example, the internal geometry
of the filameut slots 3184, 3185 may be configured such that
advancement of the filaments 319a, 3194 relative to the
filament slots 318a, 318b. will cause the filaments 3194,
31954 (o be deflected outwardly as the [ilaments 319a, 3195
move distally relative to the second body portion 315.
Depending on the configuration of the filament slots 3184,
3185 and on the mechanical properties of the filaments 3194,
3195, various deplovment angles of the filaments 319a,

3195b relative to a central longitudinal axis of the second :

body portion 315 may be achieved.

The configuration and orientation of the filament slots
318a, 3186 may be selected such that deployed filaments
319a, 319H may achieve the positioning illustrated in FIG.
3C. In FI1G. 3C, the filaments 3194, 3195 are generally
positioned in a plane that is perpendicular to a plane that
includes the angle 316 between the first and second bhody
portions 314, 315. As illustrated, the filaments 319qa, 3194
may be positioned such that they extend at an angle relative

to the plane that includes the angle 316. Other filament slot :

318a, 3185 configurations may be configured to achieve
other desired filament 3194, 3195 placements. These con-
figurations may be achieved by varying the quantity of
filament slots and filaments, the placement of filament slots
about the circumterence of the tip 311, the angle at which the
filaments extend away from the first and second body
portions 314. 315, and/or the placement of filament slots
along the first and second body portions 314, 315.

Similar to the embodiment of FIGS. 3A and 3B, the
needle 309 may comprise a tube that includes a lumen
therethrough. The humen may be employed to accept an RF
probe for delivery of RF energy and/or for the transport of
{luids. In this regard, the tip 311 may further include a floid
port 320 that may be in fluid communication via a channel
through the tip 311 with the lumen. The flmid port 320 may
be used to transfer fluid between the region of the tip 311 and
a proximal end of the needle 309.

In the deployed position as shown in FIG. 3C, the distal
ends of the filaments 319a, 3195 are disposed away from the

tip 311. In a retracted position (not shown, but similar to as 3

shown in FIG. 3B), the distal ends of the filaments 319a,
3195 are disposed entirely within an outer perimeter (e.g.,
circumference where the second body portion 315 of the tip
311 is round) of the tip 311. In the deployed position, the

filaments 319a, 3195 act as broadcast antennae for an RF 5

probe inserted into the needle 309. In this regard, together,
the RF probe inserted into the lumen, the tip 311, and the
filaments 319¢, 3195, may form a monopolar electrode for
application of R¥F energy to the target volume. The filaments
319aq, 3196 may allow the R¥ energy from the RF probe to
be dispersed over a larger volume than would be possible
with the tip 311 alone.

The filaments 3194, 3195 may be constructed in a manner
similar to as described with respect to the filaments 2064,
2065.

In general, any or all of the above variables may be
incorporated into a particular embodiment of a needle to
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yield a needle capable of producing a lesion with a particular
size, position and shape relative to the tip of the needle. Such
custom sizes, positions and shapes may be designed lor
specific procedures. Yor example, a particular lesion size,
position and shape may be selected to enable a physician to
navigate the needle to a particular landmark (e.g., proximate
ortouching a bone visible using fluoroscopy) and then orient
the needle such that deployed filaments will be operable to
produce a lesion at a particular location relative to the
landmark. By navigating to a particular internal landmark, as
opposed to attempting to visualize a relative position of a
needle offset from a landmark, a more accurate and/or
consistent positioning of the needle may be achieved. In this
regard, the skill level required to accurately position the
needle for a particular procedure may be reduced.

The lesion shapes achievable through selection of the
above variables may include, for example, generally spheri-
cal, oblong, conical, and pyramidal shapes. The orientation
relative to, and the amount of oflset from, the tip of such
shapes may be selectable. In an embodiment, the tips of the
deploved filaments may be positioned distally relative to the
point of the tip to provide for a facile positioning of the
lesion relative to the tip. Such capability may allow for the
needle to be inserted directly toward a target volume. In
other embodiments, the tips of the deployed filaments may
be positioned at the same axial position along the central
longitudinal axis as the point of the tip or the tips of the
deployed filaments may be positioned proximally relative to
the point of the tip. In other embodiments, some filament
endpoints may be located distal to the point of the tip while
others are disposed proximal to the point of the tip.

In the embodiment of FIGS. 2A, 2B, 3A, 3B, 5 and 6, the
filaments 206a. 206d have been illustrated as running the
entire length of the elongate member 203 from the filament
hub 221 to the tip 201. In an embodiment, a single member
may run along at least part of the elongate member 203 and
the filaments may be interconnected to the single member at
some point proximal to the tip 201. Furthermore. the fila-
ments 206a, 2065 have been illustrated as being straight
within the elongate member 203. In alternate embodiments,
the filaments within the eclongate member 203 may be
braided, wrapped or twisted together. Such embodiments
may have increased column strength, providing resistance to
buckling and/or bending within the elongate member 203.

The filaments discussed herein may be encased within
lumens sized to help prevent buckling or bending of the
filaments within the elongate member 203. Such lumens
may be part of the elongate member or they may be separate
members (c.g., tubes within the elongate member). Such
lumens may be formed by an inner member {(not shown}
within the elongate member where the inner member
includes chaanels along 1its periphery in which the filaments
may lie with the elongate member forming a portion of the
lumens. Lumens used for filaments may also serve as lumens
for the transfer of liquid to and/or {rom the region surround-
ing the tip. In another variation, the filaments may be hollow
and may be used for transfer of liquid to and/or from the
region surrounding the tip.

The illustrated embodiments show all of the filaments of
a given embodiment as commonly deployed or refracted. In
a variation, one or more filaments may be separately
deploved and/or refracted such that the physician could
selectively engage a desired number of elements. In another
variation, a plurality of filaments may exit from the tip at a
common location and form a fan-like arrangement as they
are deployed.
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Deployment of filaments discussed above has been
described as the filaments moving relative to a stationary tip.
Alternatively, embodiments may be deployed by pulling the
tip back relative to the filaments. Such embodiments may be
beneficial where the needle is initially advanced such that it
is in contact with bone to ensure proper positioning. Then
the tip may be withdrawn, leaving the filaments (e.g., curved
shape memory filaments) in a precise, known position.

Returning to FIGS. 2A and 2B, as noted, the hub 204 may
be fixedly attached to the elongate member 203. The hub 204
may be the primary portion of the needle 103 gripped by the
physician during insertion and manipulation of the needle
103. The hub 204 may have an asymmetric feature, such as
indicator 225, that is oriented in a known fashion relative to
the asymmetry of the tip 201. In this regard, the indicator
225 may be used to communicate to the physician the
orientation of the tip 201 within the patient 101. Internally,
the hub 204 may include a cavity 213 sized to house a
protrusion 218 of the actuator 216. The hub 204 may inctude

a hole through which a projection 215 may project into the :

interior of the cavily 213 to control the motion of the
actuator 216 relative to the hub 204 and to secure the
actuator 216 to the lab 204. The hub 204 may be made from
any appropriate material, e.g., a thermoset plastic.

The actuator 216 may be used to control the motion to
deploy and/or retract the filaments 206a, 2065. The actuator
216 is operable to move along the central longitudinal axis
223 relative to the hub 204, elongate member 203 and tip
201. The actuator 216 includes the protrusion 218 extending

into the cavity 213 of the hub 204. The outer surface of the :

protrusion 218 includes a helical track 219 sized to accom-
modate the projection 215. In this regard, as the actuator is
rotated relative to the hub 204 (e.g., by a physician to deploy
the filaments 2064, 2065), the helical track 219 and projec-
tion 215 combine to cause the actuator 216 to move axially
along the central longitudinal axis 223. The actuator 216 has
an interface portion 217 that may be gripped by a user when
twisting the actuator 216. The interface portion 217 may be
knurled or otherwise textured to enhance the physician’s
ability to twist the actuator 216. The protrusion 218 may
include an inner cavity 226 sized to accept the filament hub
221 and to allow the filament hub 221 to rotate freely
relative to the actuator 216. In this regard, the linear motion
of the actuator 216 may be transmitted to the filament hub
221 while the rotational motion of the actuator 216 may not
be transmitted to the filament hub 221.

The actuator 216 may include a Luer fitting 220 or any
other appropriate fitting type on a proximal end thereof. The
Luer fitting 220 may be in fluid communication with the

tomen 222 and provide a connection such that fluid may be 3

delivered into the lumen 222 and to the fluid port 210 of the
tip 201. The Luer fitting 220 may also be configured to allow
for the insertion of the RF probe 401 into the lumen 222. The
actuator 216 may be made from any appropriate material.

The filaments 206a, 2065 may be fixedly interconnected 5

to the filament hub 221. In this regard, the axial movement
of the filament hub 221 due to the actuator 216 may be
communicated to the filaments 206a, 2065 to deploy and
retract the filaments 2064, 2065 when the actuator 216 is
rotated. The filament hub 221 may be made from any
appropriate material.

Thusly, the physician may be able to deploy or retract the
filaments 206a, 2065 by twisting the actuator 216. For
example, as illustrated, a counterclockwise (as seen from the
viewpoint of FIG. 5) rotation of the actuator 216 relative to
the hub 204 will result in the deployment (extension) of the
filaments 2064, 2065. Relatedly, a clockwise rotation of the
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actuator 216 relative to the hub 204 will result in the
retraction of the filaments 2064, 2065. Additionally, by
partially rotating the actuator 216 relative to the hub 204, the
filaments 206a, 2065 may be partially deployed or refracted.
The actuator 216 and/or the hub 204 may include markings
to indicate the position of the filaments 2064, 2065 (e.g., the
depth of deployment). The actuator 206 and/or hub 204 may
include detents to provide a tactile feedback of the position
of the filaments 2064, 2065.

Other types of mechanisms may be used to control the
deployment and retraction of the filaments 2064, 2065. For
example, a spring loaded mechanism may be used. Such a
configuration may use a spring that acts upon the filaments
206a, 2065 to bias the filaments 206a, 2065 toward a
predetermined position (e.g., either deployed or retracted).
Such a mechanism may be analogous to a spring loaded
mechanism used in retractable ballpoint pens. In another
example, a roll clamp mechanism may be incorporated. A
roller wheel could be incorporated into the hub 204 such that
as the wheel is rotated with the user’s thumb. the filaments
206a, 2065 would advance or retract. In another example,
the hub 204 and actuator 216 may interact via complimen-
tary threaded features. As the actuator 216 is threaded into
the hub 204, the filaments 2064, 2065 would advance. As the
actuator 216 is threaded out of the hub 204, the filaments
206, 2065 would retract. In another example, a Touvhy-
Borst type mechanism could be incorporated to control the
deployment and retraction of the filaments 2064, 2065. Any
other appropriate mechanism for controlling linear motion
of the filaments 206a, 2065 may be incorporated into the
needle 103.

FIG. 2C is a cut away view of a portion of an alternate
embodiment of a hub 231 and actuator 232 that may be part
of RF needle 103 used in an RF neurotomy procedure. The
hub 231 may be fixedly attached to the elongate member
203. The hub 231 may be the primary portion of the needle
103 gripped by the physician during insertion and manipu-
lation of the needle 103. The hub 231 may have an asym-
metric feature, such as indicator 233, that is oriented in a
known fashion relative to the asymmetry of the tip 201. In
this regard, the indicator 233 may be used to communicate
1o the physician the orientation of the tip 201 within the
patient 101. Internally, the hub 231 may include a cavity 234
sized to house a protrusion 235 of a slide member 236. The
protrusion 235 may include a keyway or key slot 237 that
may run along a longitudinal direction of the protrusion 235.
The internal surface of the hub 231 through which the
protrusion 235 moves may include a mating key (not shown)
configured to fit and slide within the key slot 237. Together,
the key slot 237 and mating key of the hub 231 may limit the
slide member 236 to a linear motion along the central
longitudinat axis 223.

Filaments 206a, 2065 may be fixedly connected to the
protrusion 235 of the slide member 236 for movement
therewith, In this regard, distal movement (e.g., movement
to the right as shown in FIG. 2C) of the protrusion 235
relative to the hub 231 may cavse extension of the filaments
2064, 2065 relative to the hub 231, elongate member 203
and tip 201 (not shown in FIG. 2C). For example, distal
movement of the protrusion 235 may be used to move the
filaments 2064, 2065 from a retracted position to a deployed
position. Similarly. proximal movement (e.g., movement to
the left as shown in FIG. 2C) of the protrusion 235 relative
to the hub 231 may result in retraction of the filaments 2064,
2065 relative to the hub 231, elongate member 203 and tip
201 (not shown in FIG. 2C).
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The hub 231 may be made from any appropriate material,
e.2., a thermoset plastic. The hub 231 may be at least
partially transparent such that the position of the protrusion
235 and/or other components within the hub 231 may be
observable by a user. The hub 231 may further include
demarcations {e.g., molded or printed marks) such that the
amount of extension of the filaments 206a, 2065 may be
determined from the position of the protrusion 235 and/or
other components relative to the demarcations.

An actuator 232 may be used to control the motion to
deploy and/or retract the filaments 206a, 2065 fixedly con-
nected to the protrusion 235. The actuator 232 may be
generally tubular such that it may fit around a hub projection
238 projecting from the proximal end of the hub 231. At
least a portion of the cavity 234 may be disposed within the
hub projection 238. The actuator 232 may also include an
annular feature 239 configured to it within an annular slot
240 in the slide member 236. The annular feature 239 may
be sized relative to the annular slot 240 such that the actuator

232 may rotate relative to the slide member 236 about the :

central longitudinal axis 223 (or an axis parallel thereto)
while the position of the actuator 232 relative to the slide
member 236 along the central longitudinal axis 223 remains
fixed. In this regard, the actuator 232 and the slide member
236 may be configured to move in tandem relation along the
central longitudinal axis 223. The anpnular feature 239 and
annular slot 240 may be configured such that, during assem-
bly, the actuator 232 may be pressed onto the slide member
236 and the annular feature 239 may snap into the annular
slot 240.

The inner surtace of the actuator 232 may include a
helical track 241 sized to accommodate a corresponding
mating helical thread 242 on the hub projection 238. In this
regard. as the actuator 232 is rotated relative to the slide
member 236 and hub 231 {e.g., by a physician to deploy the
filaments 206a, 2065), the helical track 241 and helical
thread 242 combine to cause the actuator 232 and the slide
member 236 to move axially along the central longitudinal
axis 223. In this regard, a linear motion of the slide member
236 relative to the hub 231 may be created while the
rotational motion of the actuator 232 may not be transmitted
to the slide member 236 and the hub 231. An outer surface
of the actuator 232 may be textured or include features to
assist the user in gripping and fwisting the actuator 232. In
an alternative configuration, the helical track 241 may be
disposed on the hub projection 238 and the helical thread
242 may be disposed ou the inner surface of the actuator
232.

The slide member 236 may include a Luer fitting 243 or
any other appropriate fitting type on a proximal end thereof.
The Luer fitting 243 may be in fluid communication with a
lumen passing through the slide member 236 and may
provide a connection such that fluid may be delivered
through the Luer fitting 243 and into the fumen of the slide
member 236. In turn, the lumen of the slide member 236
may be in fluid communication with the cavity 234 of the
hub 231, which may in turn be in fluid communication with
a lumen disposed within the elongate member 223, The
fumen disposed within the elongate member 223 may be in
fluid communication with the tip 201. In this regard, fluid
may flow into the Luer fitting 243, into and through the
fumen within the slide member 236, into and through the
cavity 234 of the hub 231, into and through the clongate
member 223, and out [rom the tip 201. The Luer fitting 243,
the lumen within the slide member 236, the cavity 234 of the
hub 231, and the lumen of the elongate member 223 may all
alse be configured to allow for the insertion of the RF probe
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401 therethrough. Moreover, the protrusion 235 and cavity
234 of the hub projection 238 may be sized and/or config-
ured to form a fluid seal therebetween. Accordingly, fluid
delivered under pressure through the Luer fitting 220 may
flow through the cavity 238 and into the elongate member
203 substantially without leaking past the interface between
the protrusion 235 and the cavity 234 of the hub projection
238.

As noted, the filaments 206a, 2066 may be fixedly inter-
connected to the slide member 236. In this regard, the axial
movement of the slide member 236 due to the actuator 232
may be communicated to the filaments 206a, 2065 to deploy
and retract the filaments 206a, 2065 when the actuator 232
is rotated. The slide member 236 may be made from any
appropriate material. The actuator 232 may be made from
any appropriate material.

Thusly, the physician may be able to deploy or retract the
filaments 206a, 20656 by twisting the actuator 232. Addi-
tionally, by partially rotating the actuator 232 relative to the
hub 231, the filaments 206a, 2065 may be partially deployed
or refracted. The actuater 232 and/or hub 231 may include
detents to provide a tactile feedback of the position of the
filaments 2064, 2065. The detents may be configured such
that tactile feedback associated with engagement of a detent
coincides with a predetermined amount of deployment or
retraction of the filaments 2064, 2065. In this regard, such
tactile feedback may be used in determining filament posi-
tion.

In alternate embodiments, the needle 103 may be a bipolar
device instead of the monopolar device described above. In
such embodiments, the filaments may be isolated from each
other and the tip to enable bipolar operation. Where more
than two filaments are included, elements may be inctuded
to allow for selection of the polarity of the filaments to aid
in lesion shape. size and position control. In another varia-
tion, the needle 103 may be used in either & monopelar or a
bipolar mode as selected by the physician.

The above-described embodiments of needles may used
in spinal RF neurotomy procedures, which will now be
described. In general, for an RF neurotomy procedure, the
patient may lie face down on a table so that the spine of the
patient is accessible to the physician. At any appropriate
time before, during, and/or after the procedure, the physician
may use imaging equipment, such a fluoroscope, to visualize
the patient’s anatomy and/or to visualize the positiening of
eguipment (e.g., the needle relative to a target volume).

The patient may be administered sedatives and/or intra-
venous fluids as appropriate. The skin of the patient sur-
rounding where the procedure will take place may be
prepared and maintained using an appropriate sterile tech-
nique. Where the needle is a monopolar device, a return
electrode pad may be attached to the patient. A local
anesthetic may be injected subcutaneously where the needle
will be inserted. Anesthetic may also be administered along
the approximate path the needle will take.

With the filaments in the retracted position, the needle
may be intreduced into the patient and moved to a target
position relative to a target portion of a target nerve or to a
target position relative to a target volume in which the target
nerve is likely situated (all of which are generally referred to
herein as the target nerve or portion of the target nerve). The
target nerve may be an afferent nociceptive nerve such as,
for example, a medial branch nerve proximate a lumbar facet
joint. Introduction into the patient may include percutane-
ously using the tip of the needle to pierce the skin of the
patient. The moving of the needle may include navigating
toward the target position using fluoroscopic guidance.
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Furthermore, the moving of the needle may include advanc-
ing the needle to an intermediate position and then reposi-
tioning the needle to the target position. For example, the
needle may be advanced until it contacts a bone or other
structure to achieve the intermediate position. This may be
followed by retracting the needle a predetermined distance
to achieve the target position. Such a procedure may be
{acilitated by the markers 224 or collar previously discussed.

During the moving of the needle or after the target
position has been achieved, the needle may be used to inject
an anesthetic and/or a dye. The dye may increase contrast in
fluoroscopic images to assist in visualizing the patient’s
anatomy, which may aid the physician in guiding and/or
verifying the position of the needle.

The needle may be rotated about the central longitudinal
axis of the elongate member of the needle to achieve a
desired orientation relative to the target nerve. For example,
the needle may be rotated such that a lesion created with the
needle with the filaments deploved will be offset from the

central longitudinal axis toward the target nerve. Such :

rotation of the needle may be performed prior to insertion of
the needle into the patient and/or after insertion into the
patient. For example, the physician may rotate the needle
prior to insertion such that the needle is generally in the
desired rotational orientation. Then, after achieving the
target position, the physician may fine tune the rotational
orientation of the needle by rotating the needle to a more
precise orientation.

Once the target position and desired rotational orientation

have been achieved. the next step may be to advance one or :

more filaments of the needle relative to the tip of the needle.
The particular needle used for a procedure may have been
selected to enable the creation of a particular sized and
shaped lesion at a particular position relative to the needle.
As such, the particular needle used may be of any appro-
priate conliguration (e.g., any appropriate number of fila-
ments, any appropriate filament positioning) discussed
above.

Where the needle is configured as shown in FIG. 5, the
advancement of filaments may include advancing the fila-
ments such that when the filaments are in their respective
deployed positions, a midpoint between a distal end of the
first filament and a distal end of the second filament is offset
from the central longitudinal axis of the needle and the
filament endpoints are disposed distal to the tip of the
needle. Such deployment may enable the needle to be used
to create a lesion that is offset from the tip of the needle
toward the midpoint between the deployed filament ends.
The lesion created may also be positioned at least partially
distal to the tip of the needle.

FIG. 11A is an illustration of an exemplary set of iso-
therms 10102-1010¢ that may be created with the needle 103
of F1G. 2A. As illustrated by the set of isotherms 1010a-
1010¢, RF energy emanating from the tip 201 and filaments

206a, 2065, may produce a region of elevated temperatures 5

disposed about the tip 201 and {ilaments 206q, 2065. The
isotherms 10102-1010¢ may be offset from the central
longitudinal axis 223 such that a centroid of the isotherms as
viewed in I'IG. 11A is offset from the central longitudinal
axis 223 in the direction of the filaments 2064. 2065. The
centroid of the isotherms 10104-1010¢ as viewed in FIG.
11A may also be disposed distally relative to the tip 201 such
that it is disposed between the tip 201 and the distal ends of
the deployed filaments 2064, 2065. The isotherms 1010a-
1010¢ may also be shaped such that. as viewed in FIG. 11A,
the isotherms 1010a-1010¢ have a maximum cross dimen-
sion along the central longitudinal axis 223 that is greater
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than a maximum cross dimension in the plane of FIG. 11A
perpendicular to the central longitudinal axis 223. Similarly,
as shown in FIG. 1113 discussed below, the isotherms
10102-1010¢ may have a maximum cross dimension along
the central longitudinal axis 223 that is greater than a
maximum cross dimension perpendicular to the plane of
FIG. 11A and perpendicular to the central longitudinal axis
223.

The offset of the centroid of the isotherms 10104-1010¢
from the central longitudinal axis 223 results in greater
lesion width in a plane perpendicular to the central longi-
tudinal axis 223, as compared to a similarly sized straight
needle with no filaments. The offset of the centroid of the
isotherms 10100-1010¢ also allows for projection of the
centroid of a corresponding lesion volume in a direction
away trom the central longitudinal axis 223. By way of
example, such offsets may advantageously enable the execu-
tion of the exemplary procedures described herein. In addi-
tion, such offsets may advantageously enable the creation of
lesion volumes distal {relative to the needle 103) to poten-
tially interfering structures (e.g., an ossified process). More-
over, such offsets may advantageously enable the needle 103
to be inserted inte a patient at a more desirable angle (e.g.,
closer to perpendicular to the surface of the patient such as
within 30° of perpendicular to the surface of the patient) than
would be required using a needle without offset lesion
capabilities.

FIG. 11B is an illustration of an exemplary lesion 1011
that may be created with the needle 103 of FIG. 2A. In FIG.
118, the needle 103 has been placed perpendicular to a
surface 1012. The surface 1012 may, for example, be the
surface of a bone, such as a lumbar vertebra. As illustrated,
the filaments 206a, 2065 are deployed such they are proxi-
mate to the surface 1012. As such. the lesion 1011 has a
width along the surface 1012 that is wider than would be
created by the needle 103 if the Glaments 206a, 2065 were
not deployed. Such capabilities may, for example. be advan-
tageous where a target structure (e.g., a nerve) is known to
be positioned along the surface 1012, but its exact position
is unknown. In such a case, the needle 103 may be posi-
tioned generally perpendicular to the surface 1012 to
achicve the illustrated lesion width along the surface 1012,
whereas the needle 103 without the filaments 206a, 2065
deployed, would require either multiple repositioning steps
or for the needle 103 to be placed generally parallel to the
surface 1012 to achieve the same lesion width along the
surface 1012.

FIG. 11C is an iltustration of an exemplary lesion 1022
that may be created with a single-filament needle 1020. The
single-filament needle 1020 is similar to the needle 103 with
a diflerence that the single-fillament needle 1020 includes
only a single filament 1021. The filament 1021 may be
configured similarly to the filaments 2064, 2065. The single-
filament needle 1020 with the filament 1021 deployed may
be operable to produce a lesion 1022 that is a flattened
version (e.g., thinner in a direction perpendicular to the
central longitudinal axis 223—the left to right direction as
illustrated in FIG. 11C) of a lesion that may be produced by
the needle 103 with its filaments 206a, 2065 deployed. The
capability to produce such a lesion shape may be beneficial
when it is desirable to have a relatively large lesion in a
particular direction (e.g.. to compensate for the variability of
location of a target nerve) and a relatively small lesion width
in another direction (e.g., to avoid a structure such as viscera
or a patient’s skin).

Where the needle is configured such that all of the
filaments of the needle are deployed on a common side of a
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central plane of the needle (where the central longitudinal
axis is disposed entirely within the central plane), the
advancement of filaments may include advancing the fila-
ments such that when the filaments are in their respective
deployed positions, the distal ends of all of the filaments are
disposed on a common side of the central plane. Such
deployment may cnable the needle to be used to create a
lesion that 1s offsel from the tip of the needle to the same side
of the central plane as the deployed filament ends. The lesion
created may also be positioned at least partially distal to the
tip of the needle.

Where the needle is configured as shown in FIG. 8, the
advancement of filaments may include advancing the fila-
ments such that when the filaments are in their respective
deployed positions, each filament distal end defines a veriex
of a polygon whose centroid is offset from a central longi-
tudinal axis of the needle. Such deployment may enable the
needle to be used to create a lesion that is offset from the tip
of the needle toward the centroid. The lesion created may

also be positioned at least partially distal to the tip of the :

needle.

The advancement of the filaments may be achieved using
any of the mechanisms discussed above. For example, in the
embodiment of FIG. 2A, rotating the actuator 216 relative to
the hub 104 may cause the filaments to advance to the
deployed position. The advancement of the filaments may be
performed such that each of the plurality of filaments passes
through a surface of the needle that is paraliel to the central
longitudinal axis of the needle. In an embodiment, the

filaments of the needle may be advanced to a position that :

is an intermediate position between the retracted position
and the fully deployed position. The degree of deployment
may be based on the desired lesion size and/or the accuracy
of the placement of needle. For example, the same needle
may be used in two different procedures where the variabil-
ity of the location of a target nerve is greater in the first
procedure than it is in the second procedure. In such
sitnation, the greater deployment of the filaments may be
used in the first procedure, whereas in the second procedure,
a smaller degree of deployment may be used since a smaller
lesion may suffice to ensure that the target nerve has been
lesioned. In another example, after placement of the needle
during a procedure, the position of the needle may be
determined to be slightly offset from a target position. In
such a case, the filaments may he deployed to a greater
degree than would have been required if the needle were
placed exactly on target. In such a case, the greater depree
of deployment may be used to compensate for the needle
positioning inaccuracy. In such a case, needle repositioning
and possible associated trauma may be avoided.

Afier advancing the filaments to the depleyed position,
their positions may be confirmed using the imaging system
(e.g., using a fluoroscope). Furthermore, proper positioning
may be verified by using the needle to stimulate the target

nerve. An electrical signal (e.g., up to about 2 volts applied s

at about 2 Hz)} may be applied o the needle and the
physician may observe any related patient movement (e.g.,
muscle fasciculation in the territory supplied by the nerve).
In another example, an electrical signal (e.g., up to about ]
volt applied at ahout 50 Hz) may be applied to the needle and
the patient may indicate if they feel any associated sensa-
tions and their locations to assist in verifying correct needle
positioning. Such stimulation (either physician-observed or
patient reported) may be vsed to stimulate a targeted nerve
to determine if the deployed position is adequate to achieve
denervation of the targeted nerve. In this regard, it is
desirable for the stimulation to affect the targeted nerve.
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Such stimulation may be used to attempt to stimulate a
nerve that is not targeted for denervation (e.g., a nerve where
no denervation is desired) to determine the position of the
needle relative to such a non-targeted nerve. In this regard,
if the stimulation signat does not stimulate the non-targeted
nerve, it may be assumed that the position of the needle
relative to the non-targeted nerve is such that the application
of RF energy 1o the needle will not result in significant
damage to the non-targeted nerve. And if the stimulation
does stimulate the non-targeted nerve, the needle may be
repositioned to avoid damaging the non-targeted nerve. In
this regard. it is desirable for the stimulation not to affect the
non-targeted nerve.

After correct needle positioning has been verified (e.g., by
imaging and/or patient response), an anesthetic may be
injected through the needle.

After the filaments have been advanced to the desired
position, the next step may be to apply RI' energy to the
needle using the interconnected RF generator. In embodi-
ments that use a separate RF probe to deliver RF energy, the
RF probe may be inserted into a lumen of the needle prior
to application of the RF energy. Additionalty, when using
such a configuration, the application of RF energy may
include applying RF energy to the RF probe and conducting
the RI' energy away from the probe by the tip and/or
filaments.

The resultant RF energy emanating from the tip and
filaments may generate heat that ablates the target nerve.
Such ablation may be achieved by creating a lesion that
includes the target nerve. It is desired that the target nerve be
completely ablated to prevent incomplete neurotomy which
may result in dysesthesia and patient discomfort. In an
exemplary embodiment, a lesion with a maximum cross
dimension of 8-10 mm may be created. Larger or smaller
lesions may be created by varying filament characteristics
(e.g., filament advancement distance) and/or RF energy
levels. The created lesion may be offset from the central
longitudinal axis of the needle. The center of the lesion may
be positioned distal to the tip of the needle. Of note, since the
RF energy is emanating from the tip and filaments, a
particularly sized lesion may be created with a lower peak
temperature (the maximum temperature experienced in the
patient) than would be possible if a needle without filaments
were to be used to create the same-sized lesion. For example,
a particular lesion may be achieved with the needle with
deployed filaments where the peak temperature is about
55-60° C., whereas creation of the same lesion using a
needle without filaments could require a peak temperature of
about 80° C. Such lower temperatures required by the needle
with deployed filaments may result in greater patient safety.

Before, during, and after the application of RF energy, a
temperature sensor (e.g., thermocouple) at or near the tip of
the needle may be used to monitor the temperature at or near
the tip. Such readings may be used as control signals (e.g.,
a feedback loop) to control the application of RF energy to
the needle. If it is desired to ablate additional target nerves
or to ablate an additional volume to ensure ablation of the
original target nerve, the spinal RF neurotomy procedure
may continue.

Where the particular needle is configured to create lesions
offset from the central longitudinal axis of the needle, and
the additional target nerve or target volume is within a
volume that may be lesioned using the needle in its current
position but in a different rotational orientation, the proce-
dure may continue as follows. First, after the initial RF
energy application, the filaments may be retracted into the
needle. Once retracted, the needle may be rotated, and the
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filaments redeployed. Next, the reoriented needle may be
used to at least partially ablate the additional target nerve or
target volume. Such retargeting of ablation volumes without
repositioning (e.g., without withdrawing the needle from the
patient and reinserting), may result in reduced patient trauma
as compared to known spinal R} neurotomy procedures
which may require removal and reinsertion of a needle to
achieve lesioning of the second target volume. Moreover,
such retargeting of ablation volumes without repositioning
may result in the ability to create uniquely shaped lesions
from a single insertion position. Such shaped lesions may
mclude, for example, lesions that are in the shape of two or
more intersecting spheres. The steps of retracting the fila-
ments, rotating the needle, redeploving the filaments, and
applying RF energy may be repeated a plurality of times.
Where the additional target nerve or target volume is not
within a volume that may be lesioned using the needle in its
current position, the needle may be repositioned. Such

repositioning may include partially or [ully removing the

needle from the patient and then repositioning the needle
and repeating the above-described steps.

At any point where no additional lesioning is desired, the
filaments of the needle may be retracted, and the needle may
be removed from the patient. After removal of the needle, a
sterile bandage may be placed over the needle insertion site
or sites. The patient may then be held for observation and
recovery from the effects of any sedative that may have been
administered.

Examples of specific spinal RF neurotomy procedures -

will now be described. Generally, steps unique to each
procedure will be discussed while steps common to any
spinal RF neurotomy procedure (e.g., site preparation,
needle removal) will not be further discussed. Each of the
procedures is described as being performed with the needle
103 of FIGS. 2A-6. 1t will be appreciated that the variations
in needle configuration discussed above may be used in
these procedures. For example, to increase the offset of the
created lesion relative to the central longitudinal axis, curved
(e.g., FIG. 10) and/or partially insulated filaments may be
used that may create a lesion with a greater offset from the
central longitudinal axis than the embodiment of FIG. 2A-6.

1. Lumbar RF Neurotomy of a Medial Branch Nerve
Proximate a [.umbar Facet Joint.

This process may include using a needle that enables the
creation of lesions which are offset from the central longi-
tudinal axis of the needle. The procedure will be described
as being performed on the LS vertebra 1101 using FIG. 12
and the needle 103 of FIG. 2A. It should be understood that
other embodiments of needles described herein may be used
in the procedure.

The lumbar RF neurotomy process may include position-
ing the tip 201 of the needle 103 (e.g., using fluoroscopic

navigation) such that it is in contact with, or proximate to the 5

groove 1102 between the transverse 1103 and suvperior
articular 1104 processes of the targeted lumbar vertebra
1101. Such positioning is shown in FIG. 12. By contacting
the lumbar vertebra 1101, a positive determination of the
position of the needle 103 may be made. By way of example,
such positioning may be performed such that the needle 103
is within 30° of being perpendicular to the lumber vertebra
1101 at the point of contact with the lumbar vertebra 1101,
or at the point of the lumbar vertebra 1101 closest to the tip
201 of the needie 103. Optionally, from such a position, the
needle 103 may be retracted a predetermined amount (e.g.,
between about 3 mm and 5 mm) as measured by markers

o
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224 on the needle 103, as determined using the collar about
the elongated member 203 discussed above, and/or by
fluoroscopic navigation.

The process may include rotating the needle 103 such that
the midpoint 502 is oriented toward the superior articular
process 1104 and a medial branch nerve 1105 that is posi-
tioned along a lateral face 1106 of the superior articular
process 1104. Next, the filaments 206a, 2065 may be
advanced to the deployed position (as shown in FIG. 12).
The position of the needle 103 and deployed filaments 2064,
2065 may be verified using fluoroscopy and/or patient
stimulation. The RF probe 401 may then be inserted into the
lumen 222 such that RF energy emanating from the probe
103 will be conducted by the tip 201 and filaments 2064,
2065 to the target medial branch nerve 1105 and away from
the intermediate branch of the posterior primary ramus.

Next, RF energy may be applied to the RF probe 401. The
REF energy emanating from the needle 103 may be prefer-
entially biased toward the target medial branch nerve 1105.
The lesion created by such a procedure may, for example,
have a maximum cross dimension of 810 mm, and may
ablate a corresponding portion of the medial branch nerve
1105, thus denervating the facet joint.

In a variation, the needle may be operable to create a
generally symmetric lesion relative to its central longitudinel
axis. In such a variation the sequence of steps may include
insert needle, deploy filaments, and apply RF energy.

In another variation, the needle may be inserted so it is
positioned along the length of a portion of the nerve (as
illustrated by needle 103"). Such positioning is similar to
known methods of RE neurotomy performed with needles
without filaments. After positioning the needle, the filaments
may be deployed and a lesion may be created. As noted
above, a needle with deployable filaments that is capable of
producing a lesion equivalent to that of a needle without
deployable filaments may be smaller in diameter than the
needle without deployable filaments. Accordingly, although
the positioning of needle 103' may be similar to known
processes, the process utilizing the needle with deployable
filaments may cause less trauma and be safer than proce-
dures using a needle without deployable filaments due to the
smaller size of the needle with deployable filaments. More-
over, as discussed above, the peak temperatures required to
produce the desired lesion volume may be less when using
the needle with deployable filaments as compared to the
needle without deployable filaments, further contributing to
patient safety. Furthermore, the filaments of needle 103' may
be partially or fully deployed to achieve a desired lesion
location, shape and/or size.

It is noted that the illustrated deployment of needle 103
with the filaments 206a, 2065 deployed may be used to
create a lesion that approximates a lesion that would be
created with the a prior art (non filament) needle placed in
the position of needle 103" (e.g., parallel to the target nerve
1105). Moreover, the placement of needle 103 generally
perpendicular to the surface ol the LS vertebra 1101 may be
less diffienlt to achieve than the paralle!l placement of the
needle 103"

2. Sacroiliac Joint (S1J) R Neurotomy of the Posterior
Rami.

This process may include using a needle that enables the
creation of lesions which are offset from the central tongi-
tudinal axis of the needle. The procedure will be described
as being performed on the posterior rami 1201 of the S1J
referencing FIG. 13 and using the needle 103 of FIGS. 2A-6.
It should be understood that other embodiments of needles
described herein may be used in the procedure.
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As part of the SIJ RF neurotomy process, it may be
desirable to create a series of lesions in a series of lesion
target volumes 1203a-1203/ lateral to the sacral foramina
1211, 1212, 1213 of a side of the sacrum 1200 to ablate
posterior rami 1201 that are responsible for relaying noci-
ceptive signals from the SIJ. Since the exact positions of the
rami 1201 may not be known, lesioning such a series of
target velumes 1203¢-1203/7 may accommodate the varia-
tions in rami 1201 positions. The series of target volumes
1203 may be in the form of one or more interconnected
individual target volumes, such as target volumes 1203¢ and
12035. In addition, the process may include an additional
lesion 1208 between the L3 vertebra 1209 and the sacrum
1200.

The SII RF neurotomy process may include positioning
the tip 201 of the needle 103 {(e.g., using flnoroscopic
navigation) such that it is in contact with, or proximate to,
and in lateral relation to the S1 posterior sacral foraminal
aperture (PSFA) 1211 at a first point 1204 that is at the

intersection of the two target volumes 1203¢ and 12035. 2

Such positioning may be performed such that the needle 103
is oriented within 30° of heing perpendicular to the sacrum
1200 at the point of contact (or at the point of the sacrum
1200 closest to the tip 201 of the needle 103). By contacting
the sacrum 1204, a positive determination of the position of
the needle 103 may be made. Optionally, from such a
position, the needle 103 may be retracted a predetermined
amount {e.g., between 3 mm and 5 mm) as measured by
markers 224 on the needle 103, as determined using the

collar about the elongated member 203 discussed above, :

and/or by fluoroscopic navigation. For example, a contral-
ateral posterior oblique view may be obtained to ascertain
that the tip 201 has not entered the spinal canal. For
example, a fluoroscopic view may be obtained looking down
the length of the needle 103 to verify that the needle 103 is
properly ofiset from the 81 PSFA 1211 and/or a fluoroscopic
view may be obtained looking perpendicular fo the central
longitudinal axis 223 of the needle 103 to verify that the
needle is not below the surface of the scrum (e.g., disposed
within the S1 PSFA 1211). Additionally, an electrical signal
may be applied to the needle 103 to stimulate nerves
proximate to the tip 201 to verify correct needle 103
placement.

The process may include rotating the needle 103 such that
the midpoint 502 is oriented toward the first target volume
12034 in the direction of arrow 12054. Next, the filaments
206a. 2065 may be advanced to the deployed position. The
position of the needle 103 and deployed filaments 206a,
206h may be verified using fluoroscopy and/or stimulation.

The RF probe 401 may then be inserted into the lnmen 222 3

such that RF energy emanating from the needle 103 will be
conducted by the tip 201 and filaments 206a, 2065 to the first
target volume 1203a. Next, RF energy may be applied to the
RF probe 401. The RF energy emanating from the needle
103 may be preferentially biased toward the first target
volume 1203¢. The lesion created by such an application of
RF energy may, for example, have a maximum cross dimen-
sion of 8-10 mm, and may ablate a corresponding portion of
the rami 1201.

Next, the filaments 2064, 2065 may be retracted and the
needle 103 may be rotated approximately 180 degrees such
that the midpoiut 502 is oriented toward the second target
volume 12035 in the direction of arrow 12055. Optionally,
some lateral repositioning of the needle may performed (e.g.
without any needle pull back or with a small amount of
needle pull back and reinsertion). Next, the filaments 206a,
2065 may be advanced to the deployed position. The posi-
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tion of the needle 103 and deployed filaments 2064, 2065
may be verified using fluoroscopy and/or stimulation. Next,
RF energy may be applied to the Rl probe 401 to create a
lesion corresponding to the second target volume 12035.

In this regard, with a single insertion of the needle 103,
two interconnected lesions (which may also be considered to
be a single oblong lesion) may be created. Thus, as com-
pared to known methods where an RF probe must be
repositioned prior to each application of RF energy, the
number of probe repositioning steps may be greatly reduced,
thus reducing patient trauma and procedure duration. In this
regard, a continuous region of lesioning may be achieved
disposed about the S1 PSFA 1211 such that the lesion
occupies a volume surrounding the S1 PSFA 1211 from
aboult the 2:30 clock position to about the 5:30 clock position
(as viewed in IF1(5. 13). Such lesioning may help to achieve
denervation of the posterior rami proximate to the S1 PSFA
1211.

The above procedure may be repeated as appropriate to
create lesions corresponding to the entire series of target
volumes 12034-1203%, thus denervating the SIJ. In this
regard, a similar continuous region of lesioning may be
achieved disposed about the S2 PSTA 1212 and a region of
lesioning from about the 12:00 clock position to about the
3:00 clock position (as viewed in FIG. 13) relative to the S3
PSFA may be achieved disposed about the S3 PSFA 1213.
Furthermore, a lesion 1208 may be created at the base of the
superior articular process of the L5 1209 dorsal ramus in the
grove between the superior articular process and the body of
the sacrum. The needle 103 may be inserted generally
perpendicular to the plane of FIG. 13 to produce lesion 1208.

In a variation of the above procedure, three or more
lesions may be created with a needle in a single position. For
example, a needle positioned at a point 1106 proximate to
three target volumes 1203¢, 12034, and 1203¢, may be
operable to create lesions at each of the three target volumes
1203¢, 12034, and 1203e, thus further reducing the number
of needle repositionings.

In another variation, each individual lesion correspending
1o the series of target volumes 1203 may be created using a
needle with deployable filaments where the needle is repo-
sitioned prior to each application of RF energy. In such a
variation the sequence ol steps may be insert needle, deploy
filaments, apply RF energy, refract filaments, reposition
needle, and repeat as appropriate to create each desired
lesion. Such a procedure may be conducted using a needle
capable of producing a lesion symmetric to a central tongi-
tudinal axis of the needle (e.g., the needle of FIG. 9).

3. Thoracic RF Neurotomy of a Medial Branch Nerve.

This process may include using a needle that enables the
creation of lesions which are offset [rom the central longi-
tudinal axis of the needle. Successful treatment of thoracic
7-joint pain using radiofrequency ablation of relevant medial
branch nerves is challenging owing to the inconsistent
medial branch location in the intertransverse space, espe-
cially levels TS-T8. A conventional RF cannula must be
positioned at multiple locations within the intertransverse
space to achieve the sufficient tissue ablation for successiul
medial branch neurotomy. The procedure will be described
as being performed on an intertransverse space between
adjacent ones 1301, 1302 of the T5 to T8 thoracic vertebrae
vsing FIG. 14 and the needle 103 of FIGS. 2A-6. It should
be understood that other embodiments of needles described
herein may be used in the procedure.

The process may include obtaining an optimized segmen-
tal anteroposterior image at target level defined by meticu-
lous counting from T1 and T12. This may be followed by
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obtaining an image that is ipsalateral oblique 8-15 degrees
off sagittal plane of the spine to visualize costotransverse
joint lucency clearly. This allows improved visvalization of
superior-lateral transverse process (especially in osteopenic
patients}. This angle aids in directing the probe to a thoracic
anatomic safe zone medial to the lung, minimizing risk of
pneumothorax.

The skin entry site for the needle 103 may be over the
most inferior aspect of transverse process slightly medial to
costotransverse joint. Inserting the needle 103 may include
navigating the device over transverse process over bone to
touch superior transverse process slightly medial to costo-
transverse joint. The process may include checking antero-
posterior imaging o demonstrate active tip 201 of the needle
103 is at the superolateral corner of the transverse process.
The process may also inchide checking a contralateral
oblique (e.g., +/-15 degrees) image view to demonstrate the
target transverse process in an elongate fashion. This view is

useful for demonstrating the tip 201 of the needle 103 in ;

relationship to the superolateral margin of the transverse
process subadjacent {o the targeted medial branch nerve. The
process may include retracting the active tip 201 slightly
(e.g., 1 mm to 3 mm).

The process may include rotating the needle 103 such that
the midpoint 502 is oriented toward the intertransverse space
between the vertebrae 1301, 1302 and the medial branch
nerve 1303 that is positioned therein. Next, the lilaments
206a, 206/ may be advanced ventral into the intertransverse

space hetween the vertebrae 1301, 1302 to the deployed :

position. The position of the needle 103 and deployed
filaments 206a, 206, may be verified using fluoroscopy
(e.g., using lateral imaging). The RF probe 401 may then be
inserted into the lumen 222 such that RF energy emanating
from the probe 103 will be conducted by the tip 201 and
filaments 2064, 2065 to the target medial branch nerve 1303.
Stimulation (e.g., motor and/or sensory) may be performed
to verify positioning. Next, Rl energy may be applied to the
RF probe 401. The RF energy emanating from the needle
103 may be preferentially biased toward the volume
between the vertebrae 1301, 1302. The lesion created by
such a procedure may, for example, have a maximum cross
dimension of 8-10 mm, and may ablate a corresponding
portion of the medial branch nerve 1303.

It is noted that thoracic RF neurotomy performed on other
thoracic vertebrae may require different sized lesions. For
example, thoracic RF neurotomy performed on the T3-T4
vertebrae may require a smaller lesion volume than the
above-described procedure, and thoracic RF neurotomy
performed on the T1-T2 vertebrae may require a still smatler
lesion volume. As described herein, the deployment of the
filaments of the needle 103 may be varied to achieve such
desired target lesion volumes.

4. Cervical Medial Branch RF Neurotomy.

Embodiments of needles described herein (e.g., the needle 5

103 of FIG. 2A) are capable of creating a volume of tissue
ablation necessary for complete denervation of the cervical
zygapophyseal joints, including the C2/3 cervical zygapo-
physeal joint (z-joint). Tissue ablation for cervical z-joint
using embodiments of needles described herein may be
accomplished using a single placement and single heating
cycle. Such single placement and single heating cyele may
avoid unnecessary tissue damage from multiple placements
of a conventional probe, and unintended injury to collateral
tissue caused by excessive lesioning. The zone of ablation
created by various embodiments of the device is designed to
provide sufficient, and necessary tissue coagulation for a

[
D

40

45

u:
<

30

suceessful procedure, and thus may be expected to improve
the outcomes of patients undergoing this spinal radiofre-
quency neurotomy.

A cervical medial branch RF neurotomy procedure will be
described as being performed on the third occipital nerve at
the C2/3 z-joint using the needle 103 as shown in FIG. 15.
In FIG. 15, the needle 103 is positioned between the C2
1401 and C3 1402 vertebrae.

In a first step, the patient may be placed in a prone
position on a radiolucent table suited to performing fluoro-
scopically guided spinal procedures. Sedation may be
administered. The patient’s head may be rotated away from
the targeted side. Sterile skin prep and draping may be
performed wvsing standard well-described surgical tech-
niques.

For Third Occipital Nerve (TON) ablation (C2/3 joint
innervation) the lateral aspect of the C2/3 Z-joint is located
under either parasagittal or alternatively, ipsilateral oblique
rotation of less than/equal to 30 degrees of obliguity relative
to the true sagittal plane of the cervical spine. The skin entry
point may be infiltrated with local anesthetic. Then the tip
201 of the needle 103 is moved over the most lateral aspect
of bone of the articular pillar at the juncture of the C2/3
Z-joint to a first position contacting bone proximate to the
most posterior and lateral aspect of the z-joint complex

Once boney contact is made, the needle 103 may be
retracted a predetermined distance (e.g., 1-3 mm) and the
filaments are deployed towards the lateral aspect of the C2/3
z-joint. The needle 103 may be rotated about a central
longitudinal axis prior to filament deployment to ensure that
deployment will eccur in the desired direction.

Multiplanar fluoroscopic imaging may then be employed
to verify that the tip and filaments are positioned as desired.
For example, it may be verified that the filaments are
positioned straddling the lateral joint lucency, and posterior
to the C2/3 nevral foramen. Usefol imaging angles include
anterior-posterior (AP), lateral, and contralateral oblique
(Slugjter) views. To further venty adequate positioning of
the needle 103, motor stimulation may be performed by
delivering a voltage (of up to 2 volts) at 2 Hz to the tip 201
and filaments. Furthermore, sensory stimulation may be
performed at appropriate voltage (e.g., 0.4 to 1 volt) and
frequency (e.g., 50 Hz).

After position verification, RF encrgy may be applied to
the tip and the plurality of filaments to generate heat that
ablates a portion of the third occipital nerve. After lesioning,
the device may be removed. For levels below the C2/3
z-joint, the procedure may be similar than as described
above with respect to the third occipital nerve, with the
exception that the initial boney contact target is at the waist
of inflection point of the articular pillar.

Similar to the above procedures, other spinal RF proce-
dures may benefit from the asymmetrical application of R
energy from embodiments of probes described herein. Such
asymmetry may, for example, be used to project RF energy
in a desired direction and/or limit the projection of RF
energy in undesired directions. The configuration of the
filaments may be selected for a particular application to
produce a desired size, shape and location (relative to the
needle tip) of a lesion within the patient. The location of the
lesion may be offset distally and/or laterally from the tip of
the needle as required for a particular application.

It will be appreciated that the delivery of RF energy to
tissue in the anatomy is practiced for a multitude of reasons
and embodiments of needles described herein may be
adapted (modified or scaled) for use in other medical pro-
cedures. For example, embodiments of needles described
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herein could be used to deliver RF energy as a means to
cauterize “feeder vessels,” such as in bleeding ulcers and/or
in orthopedic applications. Further, embodiments of needles
described herein could also be adapted to procedures such as
cardiac ablation, in which cardiac tissue is destroyed in an
effort to restore a normal electrical rhythm in the hart. This
application could further benefit from the ability of embodi-
ments of needles described herein to deliver fluid through a
lamen since, for example, emerging procedures in cardiac
therapy require the ability to deliver stem cells, vascular
endothelial growth factor (VEGF), or other growth factors to
cardiac tissue. The ability to steer embodiments of the
needle (previously discussed) may provide significant ben-
efit to the in the field of cardiovascular drug delivery.
While various embodiments of the present invention have
been described in detail, it is apparent that farther modifi-
cations and adaptations of the invention will occur to those
skilled in the art. IHowever, it is to be expressly understood
that such modifications and adaptations are within the spirit
and scope of the present invention.
What is claimed is:
1. A system comprising:
an RF probe; and
a needle for insertion into a patient during an RF ablation
procedure, the needle comprising:
a hub;
an elongate member fixed to the hub, the elongate
member comprising a lumen at an interior thereof;
a tip fixed to the elongate member at a distal end of the

needle, wherein the tip is shaped to pierce tissue of :

the patient;

a pharality of filaments;

an actuator interconnected to the plurality of filaments,
wherein movement of the actuator in a first direction
relative to the hub moves the plurality of filaments
relative to the tip to a deployed position distally
beyond the tip, and wherein movement of the actua-
tor in a second direction relative to the hub retracts
the plurality of filaments to a retracted position in
which the plurality of filaments are disposed within
at least a portion of the elongate member; and

a fitting in fluid communication with the lumen, the
fitting being configured to provide a connection for
injection of fluid through the fitting and through the
lumen, the fitting further being configured to allow
for insertion of the RF probe into the tumen through
the fitting,

wherein the lumen at the interior of the elongate member

is configured to accept the RF probe therein to physi-

cally contact a conductive portion of the needle and

thereby electrically connect the RF probe o the tip and

the plurality of filaments, such that energy emitted by

the RF probe passes through the tip and the plurality of

filaments, and such that the RF probe, the tip, and the

plurality of filaments operate together as a single 3

monopolar RF electrode,

wherein the conductive portion of the needle is at a distal
end ol the needle, and

wherein, when the Rl probe is fully separated from the
needle in a non-inserted state, such that none of the RF
probe is within the needle, the plurality of filaments are
movable via the actuator from the retracted position, in
which the plurality of filaments are disposed within
said at least a portion of the clongate member, to the
deployed position.

2. The system of claim 1, wherein the actuator fits around

at least a portion of the hub, and wherein the actuator is
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configured to rotate relative to the hub about a central
longitudinal axis of the needle.

3. The system of claim 2, wherein the actuator is generally
tbular.

4. The system of claim 1, wherein the needle further
comprises a slide member coupled to the actuator and
fixedly connected to the plurality of filaments, wherein the
hub includes a cavity sized to house a protrusion of the slide
member, and wherein the slide member is limited to a linear
motion relative to the hub as the actuator is rotated.

5. The system of claim 4, wherein the slide member is
configured to axially advance and retract without rotating
relative to the hub.

6. The system of claim 1, wherein the tip comprises a fluid
port in fluid communication with the lumen such that an
anesthetic and/or an image enhancing dye may be intro-
duced into a region around the tip through the fluid port.

7. The system of claim 1, wherein each filament of the
plurality of filaments has a pre-set bias such that the filament
is curved when in the deployed state.

8. The system of claim 1, wherein when each filament of
the plurality of filaments is in the deployed position, the
filaments extend outwardly from the tip.

9. The system of claim 8, wherein each filament com-
prises a distal end, wherein the distal end of each filament
defines a point when each filament is in the deployed
position, aud wherein an average of all the points is offset
from a central longitudinal axis of the elongate member.

10. The system of claim 1, wherein the plurality of
filaments comprises three filaments, and wherein an angle
between each pair of adjacent filaments 1s 120 degrees when
each filament is in the deployed position.

11. The system of claim I, wherein the plurality of
filaments are configured to form a lesion having a pyramidal
shape.

12. The system of claim 1, wherein the tip tapers to a
point. and wherein the elongate member and the tip com-
prise a single unitary structure.

13. The system of claim 1, wherein a proximal end of the
elongate member is fixed to the hub.

14. The system of claim 1, wherein the tip is asymmetri-
cal, and wherein the hub comprises an indicator that is
oriented to communicate an orientation of the asymmelrical
tip.

15. The system of claim 1, wherein the hub and/or the
actuator includes markings to indicate a depth of deploy-
ment of the plurality of filaments.

16. The system of claim 1, wherein the hub and/or the
actuator inclodes detents to provide a tactile feedback of a
position of the plurality of filaments.

17. The system of claim 1, wherein the RF probe com-
prises a cable for use in connecting the RF probe to a
radiofrequency generator.

18. The system of claim I, wherein the fitting is config-
ured to be coupled to a fluid source and the lumen is
configured to conduct fluid from the fluid source when the
RF probe is not positioned within the needle.

19. The system of claim 1, wherein the fitting is config-
ured to provide a connection to a fluid source for said
injection of fluid through the fitting and throngh the lumen.

20. The system of claim 19, wherein the fitting comprises
a Luer fitting configured to be connected with the fluid
source when the RF probe is fully separated from the needle,
such that none of the RF probe is within the needle, the Luer
fitting further being configured to separately permit the RF
probe to be inserted into the lumen through the Luer fitting
when the Luer fitting is not connected with the fluid source.
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21. The system of claim 19, wherein the fitting is con-
figured to be connected with the fluid source and to permit
fluid to pass through the fitting and through the lumen when
the RF probe is not present within the lumen.

22. The system of claim 21, and wherein the fitting is
further configured to permit the RF probe to be iuserted into
the lumen through the fitting when the fitting is not con-
nected with the fuid source.

23. The system of claim 19, wherein the fitting is con-
figured to accept a connector of the fluid source.

24. The system of claim 23, wherein the fitting comprises
a Luer fitting and the connector of the fluid source comprises
a Luer fitting.

25. The system of claim 19, wherein the lumen is con-
figured 1o deliver fluid through the tip at the distal end of the
needle.

26. The system of claim 25, wherein each filament of the
plurality of filaments is devoid of any tumen therethrough
for the transportation of fluid, and wherein fluid injected

through the needle passes through the lwmen at the interior :

of the elongate member and through the tip of the needle
without passing through an interior of any of the plurality of
filaments.

27. The system of claim 1., wherein the lumen is config-
ured to deliver fluid through the tip at the distal end of the
needle.

28. The system of claim 1, wherein each filament of the
plurality of filaments is devoid of any lumen therethrough
for the transportation of fluid. and wherein fluid injected

through the needle passes through the lumen at the interior :

of the elongate member and through the tip at the distal end
of the needle without passing through an interior of any of
the plurality of filaments.

29. The system of claim 1, wherein the fitting is config-
ured to provide the connection for the injection of fluid
through the fitling separately from allowing for insertion of
the RF probe into the lumen through the fitting.

30. The system of claim 1, wherein the fitting is at a
proximal end of the needle such that the actuator is posi-
tioned distally relative to a proximal end of the fitting.

31. The system of claim 1, wherein the fitting comprises
a Luer fitting.

32. The system of claim 31, wherein the Luer Litting is at
a proximal-mest position at a proximal end of the needle.

33. The system of claim 1, wherein, when the plurality of
filaments are in the retracted position, the fitting is config-
ured to connect to a fluid source and to permit fluid from the
fluid source to pass through the fitting, through the tumen,
and through the tip at the distal end of the needle.

34. The system of claim 33, wherein each filament of the
plurality of filaments is devoid eof any lumen therethrough
for the transportation of fluid, and wherein fluid injected
through the needle passes through the Jumen at the interior
of the elongate member and through the tip at the distal end

of the needle without passing through an interior of any of s

the plurality of filaments.

35. The system of claim 33, further comprising tube that
is a separate member relative to the elongate member, the
tube defining the lumen at the interior of the elongate
member.

36. The system of claim 35, wherein the tube comprises
a conductive material, and wherein the conductive portion of
the needle comprises the conductive material of the tube.

37. The system of claim 36, wherein the tube is configured
to transport fluid therethrough, and wherein the tube is
further configured to separately conduct therethrough RF
energy emitted by the RF probe.
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38. The system of claim 37, wherein the tube is further
configured to conduct the RF energy into and through the tip
and the plurality of filaments.

39. The system of claim 1, further comprising a tube that
is a separate member relative to the elongate member, the
tube defining the lumen at the interior of the clongate
member.

40. The system of claim 39, wherein each filament of the
plurality of filaments is devoid of any lumen therethrough
for the transportation of fluid, and wherein fluid injected
through the needle passes through the lumen defined by the
tube and through the tip at the distal end of the needle
without passing through an interior of any of the plurality of
filaments.

41. The system of claim 39, wherein the tube comprises
a conductive material, and wherein the conductive portion of
the needle comprises the conductive material of the tube.

42. The system of claim 41, wherein the tube is configured
to transport fluid therethrough when the RF probe is absent
from the lumen, and wherein the tube is further configured
to separately conduct therethrough RF energy emitted by the
RF probe when the RF probe is present within the omen.

43. The system of claim 42, wherein the tube is further
configured to conduct the RF energy into and through the tip
and the plurality of filaments.

44. The system of claim 39, wherein the tube is positioned
at an interior of the elongate member when the plurality of
filaments are in the retracted position.

45. The system of claim 39, wherein the tube is in fluid
communication with the tip at the distal end of the elongate
member when the plurality of filaments are in the retracted
position.

46. The system of claim 39, wherein the fluid passes from
a fluid source, through the fitting, and through the tube when
the fluid source is coupled to the fitting, and wherein the RF
probe is separately received within the tube when fluid is not
being transported through the tube.

47. 'The system of claim 1, wherein a fluid source is
coupled with the fitting and fluid is transported through the
lumen to a target volume within the patient when the system
is in a first operational state in which the RF probe is fully
separated from the needle, such that none of the of the RF
probe is within the needle, and wherein the lumen accepts
the RF probe for delivery of RF energy to the target volume
when the system is in a second operational state in which
fluid is not transported through the lumen of the needle.

48. The system of claim 1, wherein the tip comprises a
conductive material and defines a channel, and wherein a
distal end of the RF probe is received within the channel of
the tip of the needle when the RF probe is folly inserted into
the needle.

49. The system of claim 48, wherein the conductive
portion of the needle comprises the conductive material of
the tip.

50. The system of claim 1, wherein the plurality of
filaments extend distally beyond a distal end of the RF probe
when the RF probe is fully inserted into needle and when the
plurality of filaments are in the deployed position, such that
when RF energy 1s delivered to the RF probe, the plurality
of filaments conduct RF energy that emanates from the RF
probe beyond the distal end of the RF probe to produce
within the patient, during the Rl ablation procedure, a lesion
that is distally offset from the distal end of the RF probe.
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51. A method comprising:
using the system of claim 1, wherein said using com-
prises:
inserting the needle into a patient;
rotating the actuator to transition the plurality of fila-
ments from the retracted position to the deployed
position; and
operating the RF probe, the tip, and the plorality of
filaments as a monopolar electrode.

52. The method of claim 51, wherein said using turther
comprises inserting the RF probe into the lumen of the
needle.

53. A system comprising:

an RF probe that comprises an electrode; and

a needle for insertion into a patient during an RF ablation

procedure, the needle comprising:

a hub;

an elongate member fixed to the hub, the elongate
member comprising a lumen at an interior thereof;

a tip fixed to the elongate member at a distal end of the :

needle, wherein the tip is shaped to pierce tissue of
the patient;

a plurality of filaments;

an actuator interconnected to the plurality of filaments,
wherein movement of the actuator in a first direction
relative to the hub moves the plurality of filaments
relative to the tip to a deployed position that extends
distally beyond the tip, and wherein movement ol the
actuator in a second direction relative to the hub

retracts the plurality of filaments to a retracted posi- :

tion in which the plurality of filaments are disposed
within at least a portion of the elongate member; and
a fitting in fluid communication with the lumen, the
fitting being configured to provide a connection for
injection of fluid through the fitting and through the
lumen, the fitting {urther being configured o allow
for insertion of the RF probe into the lumen through
the fitting,
wherein the lumen is configured to accept the RF probe
therein such that the electrode of the RF probe physi-
cally contacts a conductive portion of the needle and
thereby clectrically connects the RF probe to the tip and
the plurality of filaments, such that energy emitted by
the RF probe passes through the tip and the plurality of
filaments, and such that the electrode of the inserted RF
probe, the tip, and the plurality of filaments operate
together as a single monopolar RF electrode, and
wherein when the RF probe is fully separated from the
needle in a non-inserted state, such that nene of the RF
probe is within the needle, the plurality of filaments of
the needle are positionable in the retracted position, in
which the plurality of filaments are disposed within
said at least a portion of the elongate member.
54. The system of claim 53, wherein the needle further

comprises a conductive tube that is a separate member 3

relative o the elongate member, the conductive tube defin-
ing the lumen at the interior of the elongate member and
{urther defining the conductive portion of the needle that the
electrode of the RI' probe physically contacts, wherein,
when the RF probe is inserted into the lumen defined by the
conductive tube, the conductive tube is configured to con-
duct RF energy emitted by the RF probe through the
conductive tube and into and through the tip and the plurality
of filaments.

55. The system of claim 54, wherein the fitting is con-
figured to provide a connection to a fluid source for said
injection of fluid through the fitting and through the lumen

to
3

[
D

40

45

u:
<

36
when the RF probe is fully separated trom the needle in the
non-inserted state, such that none of the RF probe is within
the needle.

56. A system comprising:

an RF probe; and

a needle for insertion into a patient, the needle compris-

ing:

a hub;

an elongate member fixed to the hub, the elongate
member comprising a lumen at an interior thereof;

a tip fixed to the elongate member at a distal end of the
needle, wherein the tip is shaped to pierce tissue of
the patient;

a plurality of filaments:

an actuator interconnected to the phurality of filaments,
wherein movement of the actuator in a first direction
relative to the hub moves the plurality of filaments
relative to the tip to a deployed position distally
beyond the tip, and wherein movement of the actua-
tor in a second direction relative to the hub retracts
the plurality of ilaments to a retracted position in
which the plurality of filaments are disposed within
at least a portion of the elongate member; and

a Luer fitting in fluid communication with the lumen,
the Luer fitting being configured to provide a con-
nection to a fluid source for injection of fluid through
the Luer fitting and through the lumen, the Luer
fitting further being configured to allow for insertion
of an RF probe into the lumen through the Luer
fitting,

wherein the lumen at the interior of the elongate member

is configured to accept the RF probe therein to physi-
cally contact a conductive portion of the needle and
thereby electrically connect the RF probe to the tip and
the plurality of filaments, such that energy emiited by
the RF probe passes through the tip and the plurality of
filaments, and such that an electrode of the inserted RF
probe, the tip. and the plurality of filaments operate
together as a single monopolar RF electrode:

wherein the conductive portion of the needle is at a distal

end of the needle.

57. The system of claim 56, wherein the Luer fitting is
configured 1o be connected with the fluid source when the
RF probe is fully separated from the needle in a non-inserted
state, such that none of the RF probe is within the needle,
and wherein the Luer fitting is further configured to sepa-
rately permit the RF probe to be inserted into the lumen
through the Luer fitting when the Luer fitting is not con-
nected with the fluid source.

58. The system of claim 56. wherein the Luer fitting is
configured to accept a Luer connector of the fluid souvrce.

59. The system of claim 56, wherein the lumen is con-
figured to deliver fluid through the tip at the distal end of the
needle.

60. The system of claim 59, wherein each filament of the
plurality of filaments is devoid of any lumen therethrough
for the transportation of fluid, and wherein fluid injected
through the needle passes through the lomen at the interior
of the elongate member and through the tip without passing
through an interior of any of the plurality of filaments.

61. The system of claim 56, wherein each filament of the
plurality of filaments is devoid of any lumen therethrough
for the transportation of fluid, and wherein fluid injected
through the needle passes through the lumen at the interior
of the elongate member and through the tip at the distal end
of the needle without passing through an interior of any of
the plurality of filaments.
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62. The system of claim 56, wherein the Luer fitting is at
a proximal end of the needle such that the actuator is
positioned distally relative to a proximal end of the Luer
fitting.

63. The system of claim 62, wherein the Luer fitting is at
a proximal-most position at the proximal end of the needle.

64. The system of claim 56, wherein, when the plurality
of filaments are in the retracted position and the RF probe is
fully separated from the needle in a non-inserted state, such
that none of the RF probe is within the needle, the Luer
fitting is configured to connect to the fluid source and to
permit fluid from the fluid source to pass through the Luer
fitting, through the lumen, and through the tip at the distal
end of the needle.

65. The system of claim 64, wherein each filament of the
plurality of filaments is devoid of any tumen therethrough
for the transportation of fluid, and wherein fluid injected
through the needle passes through the lumen at the interior

of the elongate member and through the tip at the distal end

of the needle without passing through an interior of any of
the plurality of filaments.

66. The system of claim 56, further comprising a tube that
is a separate member relative to the elongate member, the
tube defining the lumen at the interior of the elongate
mermber.

67. The system of claim 66, wherein each filament of the
plurality of filaments is devoid of any lumen therethrough
for the transportation of fluid, and wherein fluid injected

through the needle passes through the lumen defined by the -

tube and through the tip at the distal end of the needle
without passing through an interior of any of the plurality of
filaments.
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68. The system of claim 66, wherein the tube comprises
a conductive material, and wherein the coenductive portion of
the needle comprises the conductive material of the tube.

69. The system of claim 68, wherein the tube is configured
to trapsport fluid therethrough, and wherein the tube is
further configured to conduct therethrough R energy emit-
ted by the RF probe.

70. The system of claim 69, wherein the tube is further
configured to conduct the RF energy into and through the tip
and the plurality of filaments.

71. The system of claim 66, wherein the tube is positioned
at an interior of the elongate member when the plurality of
filaments are in the retracted position.

72. The system ol claim 66, wherein the tube is in fluid
communication with the tip at the distal end of the elongate
member when the plurality of filaments are in the retracted
position.

73. The system of claim 66, wherein the flmd passes from
the fluid source, through the Luer fitting, and through the
tube when the fluid source is coupled to the Luer fitting, and
wherein the RF probe is separately received within the tube
when fluid is not being transported through the tube.

74. The system of claim 56, wherein the fluid source is
coupled with the Luer fitting and fluid is transported throngh
the lumen to a target volume within the patient when the
system is in a first operational state in which the RF probe
is fully separated from the needle, such that none of the of
the RF probe is within the needle, and wherein the lumen
accepts the RF probe for delivery of RE energy to the target
volume when the system is in a second operational state in
which fluid is not transported through the lumen of the
needle.
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AMENDMENTS TO THE SPECIFICATION

Please amend the following paragraph under the heading “RELATED
APPLICATIONS” at line 4 of column 1 of U.S. Patent No. 10,736,688:

This is an application for the reissue of U.S. Patent No. 10,736,688, which granted on

August 11, 2020 from U.S. Patent Application No. 15/098,673, filed April 14, 2016, which is a

continuation of U.S. [p]Patent [a]Appl[ication]. [Ser.] No. 12/940,974, filed on Nov. 5, 2010,

which is hereby incorporated by reference in its entirety and which claims [the benefit of]
priority to U.S. Provisional Patent Appl. No. 61/280,557, filed on Nov. 5, 2009, and U.S.
Provisional Patent Appl. No. 61/347,351, filed on May 21, 2010, both of which are hereby

incorporated by reference in their entirety.
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LISTING OF CLAIMS

The following listing of claims will replace all prior versions, and listings, of claims in
the Application. Pursuant to 37 C.F.R. § 1.173(b)(2), all changes are shown with respect to
U.S. Patent No. 8,654,400 and comply with the requirements set forth in 37 C.F.R. §§ 1.173(b)
and (d).

1. (Original) A system comprising:
an RF probe; and

a needle for insertion into a patient during an RF ablation procedure, the needle

comprising:
a hub;

an elongate member fixed to the hub, the elongate member comprising a lumen

at an interior thereof;

a tip fixed to the elongate member at a distal end of the needle, wherein the tip

is shaped to pierce tissue of the patient;
a plurality of filaments;

an actuator interconnected to the plurality of filaments, wherein movement of
the actuator in a first direction relative to the hub moves the plurality of filaments
relative to the tip to a deployed position distally beyond the tip, and wherein movement
of the actuator in a second direction relative to the hub retracts the plurality of
filaments to a retracted position in which the plurality of filaments are disposed within

at least a portion of the elongate member; and

afitting in fluid communication with the lumen, the fitting being configured to

provide a connection for injection of fluid through the fitting and through the lumen,
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the fitting further being configured to allow for insertion of the RF probe into the

lumen through the fitting,

wherein the lumen at the interior of the elongate member is configured to accept the
RF probe therein to physically contact a conductive portion of the needle and thereby
electrically connect the RF probe to the tip and the plurality of filaments, such that energy
emitted by the RF probe passes through the tip and the plurality of filaments, and such that
the RF probe, the tip, and the plurality of filaments operate together as a single monopolar RF

electrode,
wherein the conductive portion of the needle is at a distal end of the needle, and

wherein, when the RF probe is fully separated from the needle in a non-inserted state,
such that none of the RF probe is within the needle, the plurality of filaments are movable via
the actuator from the retracted position, in which the plurality of filaments are disposed within

said at least a portion of the elongate member, to the deployed position.

2. (Original) The system of claim 1, wherein the actuator fits around at least a portion of
the hub, and wherein the actuator is configured to rotate relative to the hub about a central

longitudinal axis of the needle.

3. (Original) The system of claim 2, wherein the actuator is generally tubular.

4. (Original) The system of claim 1, wherein the needle further comprises a slide member
coupled to the actuator and fixedly connected to the plurality of filaments, wherein the hub
includes a cavity sized to house a protrusion of the slide member, and wherein the slide

member is limited to a linear motion relative to the hub as the actuator is rotated.
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5. (Original) The system of claim 4, wherein the slide member is configured to axially

advance and retract without rotating relative to the hub.

6. (Original) The system of claim 1, wherein the tip comprises a fluid port in fluid
communication with the lumen such that an anesthetic and/or an image enhancing dye may

be introduced into a region around the tip through the fluid port.

7. (Original) The system of claim 1, wherein each filament of the plurality of filaments

has a pre-set bias such that the filament is curved when in the deployed state.

8. (Original) The system of claim 1, wherein when each filament of the plurality of

filaments is in the deployed position, the filaments extend outwardly from the tip.

9. (Original) The system of claim 8, wherein each filament comprises a distal end,
wherein the distal end of each filament defines a point when each filament is in the deployed
position, and wherein an average of all the points is offset from a central longitudinal axis of

the elongate member.

10.  (Original) The system of claim 1, wherein the plurality of filaments comprises three
filaments, and wherein an angle between each pair of adjacent filaments is 120 degrees when

each filament is in the deployed position.

11.  (Original) The system of claim 1, wherein the plurality of filaments are configured to

form a lesion having a pyramidal shape.
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12.  (Original) The system of claim 1, wherein the tip tapers to a point, and wherein the

elongate member and the tip comprise a single unitary structure.

13.  (Original) The system of claim 1, wherein a proximal end of the elongate member is
fixed to the hub.
14.  (Original) The system of claim 1, wherein the tip is asymmetrical, and wherein the hub

comprises an indicator that is oriented to communicate an orientation of the asymmetrical tip.

15.  (Original) The system of claim 1, wherein the hub and/or the actuator includes

markings to indicate a depth of deployment of the plurality of filaments.

16.  (Original) The system of claim 1, wherein the hub and/or the actuator includes detents

to provide a tactile feedback of a position of the plurality of filaments.

17.  (Original) The system of claim 1, wherein the RF probe comprises a cable for use in

connecting the RF probe to a radiofrequency generator.

18.  (Original) The system of claim 1, wherein the fitting is configured to be coupled to a
fluid source and the lumen is configured to conduct fluid from the fluid source when the RF

probe is not positioned within the needle.
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19.  (Original) The system of claim 1, wherein the fitting is configured to provide a
connection to a fluid source for said injection of fluid through the fitting and through the

lumen.

20.  (Original) The system of claim 19, wherein the fitting comprises a Luer fitting
configured to be connected with the fluid source when the RF probe is fully separated from
the needle, such that none of the RF probe is within the needle, the Luer fitting further being
configured to separately permit the RF probe to be inserted into the lumen through the Luer

fitting when the Luer fitting is not connected with the fluid source.

21.  (Original) The system of claim 19, wherein the fitting is configured to be connected
with the fluid source and to permit fluid to pass through the fitting and through the lumen

when the RF probe is not present within the lumen.

22.  (Original) The system of claim 21, and wherein the fitting is further configured to
permit the RF probe to be inserted into the lumen through the fitting when the fitting is not

connected with the fluid source.

23.  (Original) The system of claim 19, wherein the fitting is configured to accept a

connector of the fluid source.

24.  (Original) The system of claim 23, wherein the fitting comprises a Luer fitting and the

connector of the fluid source comprises a Luer fitting.
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25.  (Original) The system of claim 19, wherein the lumen is configured to deliver fluid

through the tip at the distal end of the needle.

26.  (Original) The system of claim 25, wherein each filament of the plurality of filaments
is devoid of any lumen therethrough for the transportation of fluid, and wherein fluid injected
through the needle passes through the lumen at the interior of the elongate member and
through the tip of the needle without passing through an interior of any of the plurality of

filaments.

27.  (Original) The system of claim 1, wherein the lumen is configured to deliver fluid

through the tip at the distal end of the needle.

28.  (Original) The system of claim 1, wherein each filament of the plurality of filaments is
devoid of any lumen therethrough for the transportation of fluid, and wherein fluid injected
through the needle passes through the lumen at the interior of the elongate member and
through the tip at the distal end of the needle without passing through an interior of any of

the plurality of filaments.

29.  (Original) The system of claim 1, wherein the fitting is configured to provide the
connection for the injection of fluid through the fitting separately from allowing for insertion

of the RF probe into the lumen through the fitting.

30.  (Original) The system of claim 1, wherein the fitting is at a proximal end of the needle

such that the actuator is positioned distally relative to a proximal end of the fitting.
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31.  (Original) The system of claim 1, wherein the fitting comprises a Luer fitting.

32.  (Original) The system of claim 31, wherein the Luer fitting is at a proximal-most

position at a proximal end of the needle.

33.  (Original) The system of claim 1, wherein, when the plurality of filaments are in the
retracted position, the fitting is configured to connect to a fluid source and to permit fluid from
the fluid source to pass through the fitting, through the lumen, and through the tip at the distal

end of the needle.

34.  (Original) The system of claim 33, wherein each filament of the plurality of filaments
is devoid of any lumen therethrough for the transportation of fluid, and wherein fluid injected
through the needle passes through the lumen at the interior of the elongate member and
through the tip at the distal end of the needle without passing through an interior of any of

the plurality of filaments.

35.  (Original) The system of claim 33, further comprising tube that is a separate member
relative to the elongate member, the tube defining the lumen at the interior of the elongate

member.

36.  (Original) The system of claim 35, wherein the tube comprises a conductive material,
and wherein the conductive portion of the needle comprises the conductive material of the

tube.
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37.  (Original) The system of claim 36, wherein the tube is configured to transport fluid
therethrough, and wherein the tube is further configured to separately conduct therethrough

RF energy emitted by the RF probe.

38.  (Original) The system of claim 37, wherein the tube is further configured to conduct

the RF energy into and through the tip and the plurality of filaments.

39.  (Original) The system of claim 1, further comprising a tube that is a separate member
relative to the elongate member, the tube defining the lumen at the interior of the elongate

member.

40.  (Original) The system of claim 39, wherein each filament of the plurality of filaments
is devoid of any lumen therethrough for the transportation of fluid, and wherein fluid injected
through the needle passes through the lumen defined by the tube and through the tip at the

distal end of the needle without passing through an interior of any of the plurality of filaments.

41.  (Original) The system of claim 39, wherein the tube comprises a conductive material,
and wherein the conductive portion of the needle comprises the conductive material of the

tube.

42.  (Original) The system of claim 41, wherein the tube is configured to transport fluid

therethrough when the RF probe is absent from the lumen, and wherein the tube is further
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configured to separately conduct therethrough RF energy emitted by the RF probe when the

RF probe is present within the lumen.

43.  (Original) The system of claim 42, wherein the tube is further configured to conduct

the RF energy into and through the tip and the plurality of filaments.

44.  (Original) The system of claim 39, wherein the tube is positioned at an interior of the

elongate member when the plurality of filaments are in the retracted position.

45.  (Original) The system of claim 39, wherein the tube is in fluid communication with the
tip at the distal end of the elongate member when the plurality of filaments are in the retracted

position.

46.  (Original) The system of claim 39, wherein the fluid passes from a fluid source, through
the fitting, and through the tube when the fluid source is coupled to the fitting, and wherein
the RF probe is separately received within the tube when fluid is not being transported

through the tube.

47.  (Original) The system of claim 1, wherein a fluid source is coupled with the fitting and
fluid is transported through the lumen to a target volume within the patient when the system
is in a first operational state in which the RF probe is fully separated from the needle, such
that none of the of the RF probe is within the needle, and wherein the lumen accepts the RF
probe for delivery of RF energy to the target volume when the system is in a second operational

state in which fluid is not transported through the lumen of the needle.
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48.  (Original) The system of claim 1, wherein the tip comprises a conductive material and
defines a channel, and wherein a distal end of the RF probe is received within the channel of

the tip of the needle when the RF probe is fully inserted into the needle.

49.  (Original) The system of claim 48, wherein the conductive portion of the needle

comprises the conductive material of the tip.

50.  (Original) The system of claim 1, wherein the plurality of filaments extend distally
beyond a distal end of the RF probe when the RF probe is fully inserted into needle and when
the plurality of filaments are in the deployed position, such that when RF energy is delivered
to the RF probe, the plurality of filaments conduct RF energy that emanates from the RF probe
beyond the distal end of the RF probe to produce within the patient, during the RF ablation

procedure, a lesion that is distally offset from the distal end of the RF probe.

51.  (Original) A method comprising:
using the system of claim 1, wherein said using comprises:
inserting the needle into a patient;

rotating the actuator to transition the plurality of filaments from the retracted

position to the deployed position; and

operating the RF probe, the tip, and the plurality of filaments as a monopolar

electrode.
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52.  (Original) The method of claim 51, wherein said using further comprises inserting the

RF probe into the lumen of the needle.

53.  (Original) A system comprising:
an RF probe that comprises an electrode; and

a needle for insertion into a patient during an RF ablation procedure, the needle

comprising:
a hub;

an elongate member fixed to the hub, the elongate member comprising a lumen

at an interior thereof;

a tip fixed to the elongate member at a distal end of the needle, wherein the tip

is shaped to pierce tissue of the patient;
a plurality of filaments;

an actuator interconnected to the plurality of filaments, wherein movement of
the actuator in a first direction relative to the hub moves the plurality of filaments
relative to the tip to a deployed position that extends distally beyond the tip, and
wherein movement of the actuator in a second direction relative to the hub retracts the
plurality of filaments to a retracted position in which the plurality of filaments are

disposed within at least a portion of the elongate member; and

afitting in fluid communication with the lumen, the fitting being configured to
provide a connection for injection of fluid through the fitting and through the lumen,
the fitting further being configured to allow for insertion of the RF probe into the

lumen through the fitting,
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wherein the lumen is configured to accept the RF probe therein such that the electrode
of the RF probe physically contacts a conductive portion of the needle and thereby electrically
connects the RF probe to the tip and the plurality of filaments, such that energy emitted by
the RF probe passes through the tip and the plurality of filaments, and such that the electrode
of the inserted RF probe, the tip, and the plurality of filaments operate together as a single

monopolar RF electrode, and

wherein when the RF probe is fully separated from the needle in a non-inserted state,
such that none of the RF probe is within the needle, the plurality of filaments of the needle
are positionable in the retracted position, in which the plurality of filaments are disposed

within said at least a portion of the elongate member.

54.  (Original) The system of claim 53, wherein the needle further comprises a conductive
tube that is a separate member relative to the elongate member, the conductive tube defining
the lumen at the interior of the elongate member and further defining the conductive portion
of the needle that the electrode of the RF probe physically contacts, wherein, when the RF
probe is inserted into the lumen defined by the conductive tube, the conductive tube is
configured to conduct RF energy emitted by the RF probe through the conductive tube and

into and through the tip and the plurality of filaments.

55.  (Original) The system of claim 54, wherein the fitting is configured to provide a
connection to a fluid source for said injection of fluid through the fitting and through the
lumen when the RF probe is fully separated from the needle in the non-inserted state, such

that none of the RF probe is within the needle.
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56.  (Original) A system comprising:
an RF probe; and
aneedle for insertion into a patient, the needle comprising:
a hub;

an elongate member fixed to the hub, the elongate member comprising a lumen

at an interior thereof;

a tip fixed to the elongate member at a distal end of the needle, wherein the tip

is shaped to pierce tissue of the patient;
a plurality of filaments;

an actuator interconnected to the plurality of filaments, wherein movement of
the actuator in a first direction relative to the hub moves the plurality of filaments
relative to the tip to a deployed position distally beyond the tip, and wherein movement
of the actuator in a second direction relative to the hub retracts the plurality of
filaments to a retracted position in which the plurality of filaments are disposed within

at least a portion of the elongate member; and

a Luer fitting in fluid communication with the lumen, the Luer fitting being
configured to provide a connection to a fluid source for injection of fluid through the
Luer fitting and through the lumen, the Luer fitting further being configured to allow

for insertion of an RF probe into the lumen through the Luer fitting,

wherein the lumen at the interior of the elongate member is configured to accept the
RF probe therein to physically contact a conductive portion of the needle and thereby
electrically connect the RF probe to the tip and the plurality of filaments, such that energy
emitted by the RF probe passes through the tip and the plurality of filaments, and such that an
electrode of the inserted RF probe, the tip, and the plurality of filaments operate together as a

single monopolar RF electrode;
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wherein the conductive portion of the needle is at a distal end of the needle.

57.  (Original) The system of claim 56, wherein the Luer fitting is configured to be
connected with the fluid source when the RF probe is fully separated from the needle in a
non-inserted state, such that none of the RF probe is within the needle, and wherein the Luer
fitting is further configured to separately permit the RF probe to be inserted into the lumen

through the Luer fitting when the Luer fitting is not connected with the fluid source.

58.  (Original) The system of claim 56, wherein the Luer fitting is configured to accept a

Luer connector of the fluid source.

59.  (Original) The system of claim 56, wherein the lumen is configured to deliver fluid

through the tip at the distal end of the needle.

60.  (Original) The system of claim 59, wherein each filament of the plurality of filaments
is devoid of any lumen therethrough for the transportation of fluid, and wherein fluid injected
through the needle passes through the lumen at the interior of the elongate member and

through the tip without passing through an interior of any of the plurality of filaments.

61.  (Original) The system of claim 56, wherein each filament of the plurality of filaments
is devoid of any lumen therethrough for the transportation of fluid, and wherein fluid injected
through the needle passes through the lumen at the interior of the elongate member and
through the tip at the distal end of the needle without passing through an interior of any of

the plurality of filaments.
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62.  (Original) The system of claim 56, wherein the Luer fitting is at a proximal end of the

needle such that the actuator is positioned distally relative to a proximal end of the Luer fitting.

63. (Original) The system of claim 62, wherein the Luer fitting is at a proximal-most

position at the proximal end of the needle.

64.  (Original) The system of claim 56, wherein, when the plurality of filaments are in the
retracted position and the RF probe is fully separated from the needle in a non-inserted state,
such that none of the RF probe is within the needle, the Luer fitting is configured to connect
to the fluid source and to permit fluid from the fluid source to pass through the Luer fitting,

through the lumen, and through the tip at the distal end of the needle.

65.  (Original) The system of claim 64, wherein each filament of the plurality of filaments
is devoid of any lumen therethrough for the transportation of fluid, and wherein fluid injected
through the needle passes through the lumen at the interior of the elongate member and
through the tip at the distal end of the needle without passing through an interior of any of

the plurality of filaments.

66.  (Original) The system of claim 56, further comprising a tube that is a separate member
relative to the elongate member, the tube defining the lumen at the interior of the elongate

member.
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67.  (Original) The system of claim 66, wherein each filament of the plurality of filaments
is devoid of any lumen therethrough for the transportation of fluid, and wherein fluid injected
through the needle passes through the lumen defined by the tube and through the tip at the

distal end of the needle without passing through an interior of any of the plurality of filaments.

68.  (Original) The system of claim 66, wherein the tube comprises a conductive material,
and wherein the conductive portion of the needle comprises the conductive material of the

tube.

69.  (Original) The system of claim 68, wherein the tube is configured to transport fluid
therethrough, and wherein the tube is further configured to conduct therethrough RF energy

emitted by the RF probe.

70.  (Original) The system of claim 69, wherein the tube is further configured to conduct

the RF energy into and through the tip and the plurality of filaments.

71.  (Original) The system of claim 66, wherein the tube is positioned at an interior of the

elongate member when the plurality of filaments are in the retracted position.

72.  (Original) The system of claim 66, wherein the tube is in fluid communication with the
tip at the distal end of the elongate member when the plurality of filaments are in the retracted

position.
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73.  (Original) The system of claim 66, wherein the fluid passes from the fluid source,
through the Luer fitting, and through the tube when the fluid source is coupled to the Luer
fitting, and wherein the RF probe is separately received within the tube when fluid is not

being transported through the tube.

74.  (Original) The system of claim 56, wherein the fluid source is coupled with the Luer
fitting and fluid is transported through the lumen to a target volume within the patient when
the system is in a first operational state in which the RF probe is fully separated from the
needle, such that none of the of the RF probe is within the needle, and wherein the lumen
accepts the RF probe for delivery of RF energy to the target volume when the system is in a

second.

75. (New) The system of claim 1, wherein the elongate member comprises a tube that is 16

gauge or smaller.

76. (New) The system of claim 1, wherein the needle is an RF neurotomyv needle.

77. (New) The method of claim 51, wherein the method is a spinal RF neurotomy

procedure to ablate a medial branch nerve of a human patient, wherein:

the inserting step comprises inserting the needle into the human patient until the tip

of the needle is in an ablation position to ablate the medial branch nerve;

the rotating step comprises, when the tip of the needle is in the ablation position,
rotating the actuator to transition the plurality of filaments from the retracted position to the

deploved position so as to extend the filaments into tissue of the human patient distally beyond

the tip and outwardly awav from a central longitudinal axis of the elongate member; and
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the operating step comprises, when the plurality of the filaments are in the deploved

position, operating the RF probe, the tip, and the plurality of filaments as a monopolar

electrode so as to ablate the medial branch nerve.
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REMARKS

Specification Amendments

The first paragraph of the patent is amended to state that this is a reissue application

and to refer to the original patent.
Claim Amendments

The above listing of the claims indicates that all original claims 1-74 are not amended.
New claims 75-77 are added. New claims 75 and 76 depend from system claim 1. New claim

77 depends from method claim 51.

Support for Claim Amendments

Support for the new claim can be found at, for example, the following paragraphs of

the ’688 Patent:

Claim | Illustrative Examples of Support

75 Col. 8, 11. 3-8.

Col. 1, 11. 19-20, 58-62; col. 2, 11. 46-56; col. 3, 11. 36-44; col. 5, 11. 1-39;

76 col. 8, 11. 12-16.

Col. 2,11. 46-59; col. 4, 11. 34-56; col. 10, 11. 30-56; col. 17, 11. 55-61; col.
77 25, 11. 44-67; col. 26, 11. 1-58; col. 28, 11. 49-67; col. 29, 11. 1-67; col. 30,
11. 1-51; Figs. 1, 6, 12, 14, 15.

Parentability of the Claims

The ’688 Patent was the subject of IPR2024-01210 and IPR2024-01211, each resulting
in a final written decision dated March 6, 2026, collectively finding all claims of the 688 Patent
obvious over at least U.S. Patent No. 6,146,380 (Racz), U.S. Patent Appl. Publ. No.
2005/0059964 (Fitz), and U.S. Patent Appl. Publ. No. 2007/0016183 (Lee).
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Similar results occurred in IPR2024-01209 and IPR2024-01212, each concerning a
different patent related to the 688 Patent. Both of those cases will be reviewed on appeal at

the U.S. Court of Appeals for the Federal Circuit.

In all four of the above-noted IPRs, the petitioner argued that “Racz’s modified device”
was an obvious variant of the teachings of Racz, Fitz, and Lee falling within the scope of the

claims. Racz’s modified device was presented in the IPR petitions as follows:

Lee’s Filaments (22/1622)
guided by deflection
surfaces (12/1612)

Racz’s RF Racz’s Active
Probe (22/52) Tip (14/38)

[PR2024-01210 Paper 1 (Petition) at 26; see also id. at 41, 42, 59.

Racz’s modified device starts with Racz’s needle and modifies it by forming long narrow
passages within the sidewall of the needle and placing filaments like Lee’s filaments/tines in
those long narrow passages. As taught by Lee, the filaments/tines are deployable and
retractable and function to increase the ablation volume when deployed as shown in the

illustration above.
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Stratus, the patent owner, disagreed and made number of counterarguments. For
example, Stratus argued that a person of ordinary skill in the art (POSITA) would not have had
a reasonable expectation of success to make the long narrow channels in the needle’s sidewall
of Racz’s modified device. In particular, Stratus presented evidence (1) from a clinician expert
witness, Dr. Marc A. Russo, an interventional pain-specialist physician who has performed
thousands of RF neurotomy procedures, that RF neurotomy needles were known in the art at
the time of the invention to be no larger than 16 gauge because larger needles would be too
stiff to guide to a target nerve and cause other complications and (2) from a medical-device
engineering expert (Peter Crosby) that it would not have been reasonably possible for a
POSITA to form the passages in the needle sidewall, as required by Racz’s modified device, by
any known technique, as the sidewall would be less than 230 um (micrometers or microns)
thick for a 16-gauge needle, and it would have been impossible to form narrow straight
passages down the length of such a thin wall. Stratus’s principal evidence on point (1) in the
IPRs was Exhibit 2001, a declaration by Dr. Russo. Stratus’s principal evidence on point (2) in
the IPRs was Exhibit 2006, a declaration by Mr. Crosby. Stratus’s evidence on both of those

points was essentially unrefuted.

However, the Board panel disregarded all of the evidence on point (2) because the
Board panel disagreed with Dr. Russo on point (1). Even though no expert presented contrary
evidence on point (1), the Board panel instead interpreted the following passage from Racz as

teaching that a neurotomy needle could be as large as 10 gauge:

Those individuals skilled in the art will recognize that many
variations of the electrode geometries depicted in FIGS. 1-3 are
possible without departing from the invention. Various sized
electrodes can be made, from extremely small gauges (e.g., 30
gauge) to much larger sizes (e.g., 10 gauge). Also, the shape and
degree of tip curvature may vary widely. The shape of the tip and
the extent of insulation vs. exposed electrode can be variable,

depending on the application. For example, in FIGS. 1 and 2, the
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exposure of the tip 14 or 38 may be only on one side of the cannula
to facilitate directional stimulation or ablation; the exposed portion

of the tip need not extend all the way around the tip azimuthally.

Racz at column 8, lines 10-22.

The Board panel interpreted this passage to mean that Racz taught a neurotomy needle
as large as 10 gauge and credited this passage — as so interpreted — over Dr. Russo’s testimony,
which the Board panel characterized as “prepared specifically for litigation.” ITPR2024-01210
Paper 71 (FWD) at 44.

Stratus strongly disagrees and is seeking reversal of that finding in its appeals of
IPR2024-01209 and IPR2024-01212 at the Federal Circuit. In a nutshell, while Racz discloses
as a preferred embodiment an RF neurotomy needle, Racz’s disclosure is not limited to
neurotomy, and the only reasonable interpretation of the passage of Racz quoted above is that
the full range of needle sizes mentioned (10-30 gauge) includes non-neurotomy needles as
well. Racz’s innovation is an RF ablation needle with a bent tip, and Racz makes clear that
notwithstanding the fact that his preferred embodiment is for neurotomy, other clinical
applications are possible for his bent-tip ablation needle:

Furthermore, certain exemplary clinical applications have been
discussed herein as those in which the invention can be
successfully employed to the clinician's advantage. However, the
invention is not limited to use in such applications, and other

medical and surgical procedures would be apparent to a practitioner

of ordinary skKill.

Thus, while certain exemplary structures and operations
have been described, the invention is not so limited, and its scope

is to be determined according to the claims set forth below.

Racz at column 9, lines 12-22.
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In fact, the claims of Racz are not limited to neurotomy, but instead refer to a more
general “target region in the patient’s body.” The target region could be a nerve (as in

neurotomy) or another type of tissue (as in other clinical applications).

To remove all doubt on this point, Stratus supplements the evidentiary record in this
reissue application by submitting Rule-132 declarations from (a) Dr. Russo and (b) Dr. Philip
Finch, who is a co-inventor on the Racz patent. Dr. Finch explains in his declaration that 16
gauge is the maximum size of an RF neurotomy needle and that the Board panel’s contrary
interpretation of his patent is erroneous. Dr. Russo explains in his declaration that he learned
from Dr. Gabor Racz — the first-named inventor on the “Racz” patent who passed away in 2025

—that RF neurotomy needles should be 16-22 gauge.

New claims 75 and 76 recite that “the elongate member comprises a tube that is 16
gauge or smaller” and that “the needle is an RF neurotomy needle,” respectively. New method
claim 77 is drawn to “a spinal RF neurotomy procedure to ablate a medial branch nerve of a
human patient.” These claims are non-obvious over Racz, Fitz, and Lee for at least the reason
that a POSITA would not have had a reasonable expectation of success to make Racz’s modified
device “16 gauge or smaller” or as “a neurotomy needle” or for “a spinal RF neurotomy

procedure to ablate a medial branch nerve of a human patient.”
Lonclusion

If the Examiner has any concerns about this application, or if the undersigned can assist
in expediting the allowance of the application, the Examiner is invited to call the undersigned

attorney.
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I, Marc Andrew Russo, declare as follows:

1. 1 submit this declaration in support of Stratus Medical, LLC (Stratus)
to explain further my interpretation of the “Racz” patent (U.S. Patent No.
6,146,380), particularly the passage at column 8, lines 10-15, which identifies a
size range for “electrodes . . . from extremely small gauges (e.g., 30 gauge) to

much larger sizes (e.g., 10 gauge).”

2. I have previously stated that this full 10-30 gauge range is not
applicable to RF neurotomy needles. Specifically, I submitted a declaration (Ex.
2001) in IPR2024-01209, IPR2024-01210, IPR2024-01211, and IPR2024-01212 in
which I explained that a skilled person knowledgeable of neurotomy would know
that neurotomy needles are sized from 16 gauge to 22 gauge. I explained that in
paragraphs 155-168 of my declaration, which I incorporate into this declaration

and reiterate as my testimony and opinion.

3. My credentials and qualifications are presented in the above-
referenced declaration. I am a pain-specialist physician with a clinical practice that
includes frequent radiofrequency neurotomy procedures. 1 have extensively

researched, written, and lectured about radiofrequency neurotomies.

4,  Dr. Gabor Racz, the first named inventor on the Racz patent (along
with the second-named inventor, Dr. Philip Finch), was someone 1 knew
professionally and personally from approximately 1999 until his death in 2025.

Dr. Racz was also an interventional pain-specialist physician (as is Dr. Finch).

5.  Dr. Racz was a pioneer in radiofrequency neurotomy who contributed
to my understanding of radiofrequency neurotomy procedures and equipment. I

first met Dr. Racz in 1999 at a professional conference in Cleveland, Ohio, USA,
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where [ arranged a private session with him and he demonstrated a radiofrequency

neurotomy procedure while I observed.

6.  During that session, Dr. Racz taught me what sizes of needles he
would use in radiofrequency neurotomy procedures. I first leamed from him that a

radiofrequency neurotomy needle should be approximately 16-22 gauge.

7.  Iknow that Dr. Racz never believed that a neurotomy needle could be
larger than 16 gauge or smaller than 22 gauge. I therefore reiterate that it is not
correct to interpret the statement at column 8, lines 10-15 of the Racz patent to

apply to neurotomy needles.

8.  Since my private session with Dr. Racz I have performed thousands of
radiofrequency neurotomy procedures, and that repeated experience of holding a
neurotomy needle in my hands as I insert it into a patient and direct it to its target
site has confirmed that a neurotomy needle ranges from 16 gauge to 22 gauge. As
I explained in my above-referenced declaration, a needle larger than 16 gauge is
too stiff to navigate with the required precision, and a needle smaller than 22 gauge
is insufficiently stiff to navigate with the required precision, through the patient’s

anatomy.

9. I also note that another reason that a needle as large as 10 gauge
would be inappropriate for a radiofrequency neurotomy procedure is that it would
cause so much pain to the patient that general anesthesia would likely be required.
But many radiofrequency neurotomy procedures should not be performed under
general anesthesia because the patient must be able to react — and the physician

must be able to observe the reaction — during the procedure.
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10.  Also, a 10-gauge needle would likely create too large an ablation zone

and cause unwanted damage to surrounding tissue during an RF neurotomy

procedure.

11. 1 have been compensated by Stratus for providing my analysis and
testimony, including providing this declaration. I have no financial interest in
Stratus or it patents, and my compensation is not dependent on the outcome of this
case or any legal proceeding involving Stratus. My compensation does not in any

way affect the substance of my testimony in this declaration.

12, I declare that all statements made herein of my own knowledge are
true and that all statements made on information and belief are believed to be true.
I further declare that these statements were made with the knowledge that willful
false statements and the like so made are punishable by fine or imprisonment, or
both under Section 1001 of the Title 18 of the United States Code, and that such
willful false statements may jeopardize the validity or enforceability of a patent

granting from an application in which this declaration is submitted.

Executed this— “day of April 2026 in M‘J Australia,

Marc Andrew Russo

Page3of 3

IPR2024-01212

Avanos v. Stratus
Stratus Ex. 2052

Page 89 of 198



{, Philip Finch, declare ag follows

1. P am 8 physivian with a degree in medicing from the Univarsity of Weslemn
Austratin, | began my medical caraay ag an anesthesiclogiat, Untit oy selirement last
marth | worked in the field of pain medicineg sinos 1878 and exclusively 33 & pain
medicing specialist sinca 1987, In particular, | practicsd intervertionad pain madicing,
fraquently using local anesthetic nerve blocks and radiofrequeansy (RF ) lasioning of &
number of spinal and other stuctures. | have previously taught these procedures 3t
numerous cadaver workshops internationally, which are fisted int my curriculum vitae,
I frequently performed such procedures treating posterior facel joint pain
{zyqapophyseal joints) and intervertebral disc pain as the origin for spinal pain. For
axample, | estimate that | have performed many thousands of RF nerve lesioning {also
catied “RF neurotomy”} procedures over the last approximately 35 vears. A copy of my
curiculum vitag is attached to this declaration {(Atlachment A).This ists at least 77
pear reviewed publications and § book chapters with myself as an author.

2. { have developed equipment for radiofrequency lesioning of spinal nerves,
including curved radiofrequency electrodes and the discTRODE, an RF annulopiasty
procedure used o freat chronic, discogenic low back pain by the application of heat i
the interveriebral disc annulus. | have filed for and oblained several patenis for
inventions in this technological space, including, for example, U.S. Palent No.
8,146,380, which is entitled "Bent Tip Electrical Surgical Probe” {"US'380 Patent™y. |
a1t a co-inventor on that patent along with Dr. Gabor B. Racz, a colleague who recently
passed away and was also an interventional pain specialist physician. | have been
refgined by Laurence & Phillips 1P Law, which represents Stratus Medicat, LLO
{Stratus), to provide my independent expert opinion interpreling the following passage
of my US'380 Patent {column &, lines 10-22) {(complele copy included as Altachmant
81

Those individuals skilled in the art will recognize that many variations of
the slectrode geometries dapicted in FIGE. 13 are possible without
departing from the invention. Varous sized slectrodes can be made,
from extremesly small gauges (8.9, 30 gauge} 1 much krger sizes (8.9,
10 gauge). Also, the shape and degres of Hp curvalure may vary widely.
The shaps of the lip and the sdent of insulation va sxposed slectds
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can be variable, depending on the application, For example, in FIGE Y
andd 2, the exposure of the i 14 or 38 may be only on one side of the
cannula o facilitete dirpctional stimulation of ablation, the erpusead
partion of e tip need not exdend all the way sround the fip azimuthatly,

3. My opinion is that thin passage of the US'IBO Patent should nat be wilerprated
as implying that an RF neurctomy needle can be ag targe as 10 gaugs. | consider 16
gauge is the maximum size for an RF peurclomy neadis. Other techniguss for
performing a neurstomy includs the use of a cryoprobe for fraezing rather than hesting
nerves. Gryoprobes typicaily have a larger diameter of 16-14 gauge.

4, The reasons for this are explained in the altached declaration of A/Frof Marg
Andrew Russo {Attachment C), specifically at paragraphs 155188 on pages 50-83
andg paragraphs 230-236 on pages 63-70. | largely agree with those paragraphs and |
incorporate them into this declaration as my own testimony.

5. Dr. Russo, whom | have known professionally and personally for many years,
is highly regarded as a world-leading interventional pain specialist physician,

6. { also note that an additional reason that a 10-gauge needle would be
inappropriate for RF neurotomy procedures is that inserting such a large nesdis into a
patient would be so painful thal general anesthesia would be required. i jocal
anesthesia were {0 be employed instead, then significant and even toxic amounis of 8
iocal anesthetic agent would be required for the procedure, preventing appreciation
and proper monitoring of elecirical stimulating currents {vide infra). Also, the snsuing
targe RF thermal lesion, or burn, can cause severe post-operative pain and sven
inadvertent motor nerve injury. RF neurotomy procedures are almost never performed
under general anesthesia because it is desirable {0 monitor the patient's awake
responses during the procedurs to ensure that the appropriate nerves are slectrically
stimulaled and subseguently lesioned. Both sensory and motor nerves whaen
stimulated elict different sensations and reactions in the patient. A sensary stimulation
is felt as & tingling sensation (paresthesia) whereas & molor nerve stimulation can be
sean 8% 2 muscle twitch, Eliciting a motor twitch when i s indended to stimulate a
sensory nerve only, may indicate inadvertent proximity 10 a motor nerve. Tharmal

Fage 2 of 4 o

IPR2024-01212
Avanos v. Stratus
Stratus Ex. 2052
Page 91 of 198



issioning of motor nerves when not intended, can cause significant neurslogical injury,
even partial paralysas of limbs,

7. The road needle size range in the abovepioted paragraph of the US'AES
Patent was stated o provide flexibilty to cislm the subject matter of that palent In
various ways, But someone knowledgeable shout RF neurotomy would undarstand
that the full range of needls sizes mentioned in that paragraph of the patent cannut
possibly apply to an RF neurotomy needie. The full range of nesdle sizes mentinned
in that paragraph makes sense f the reader understands that the paragraph i3 meant
fa cover variations of the needie for applications in addition fo RF nsurotomy. I other
words, we {Dr. Racz and 1, the inventors) were trying to provide a basis 1o agply our
bent-tip innovation to non-neurotomy needies. That is why that paragraph says, “marny
variations of the electrade geometries depicted in FIGS, 1-3 are possible.” We meant
to include non-naurctomy variations, which may be larger or smaller than nsurotomy
needies. While the focus of the US'380 Patent is newotomy, we (Dr. Racz and 1}
axplicitly contemplated and wished to cover other medical applications. Thus, the
LIS 380 Patent states the following at column 8, lines 12-22

Furthermore, certain exemplary clinical applications have Dbaen
discussed herein as those in which the invention can be successfully
employed to the clinician's advantage. Howaver, the invention is not
imited to use in such applications, and other medical and surgical
procedures would be apparent to a practitioner of ordinary skill.

Thus, while cerfain exemplary structures and operations have
been described, the invention is not so limited, and s scope is 1 be
determined according to the claims set forth below.

i fact, the claims of the US 380 Patent do not appear to me 10 be imited 1o nsurctomy
but instead refer o a more general “target region in the patient's body.” The target
region could be a nerve (as in neurntomy} or another lype of tssue such as an
intervertabral disc

8. f s being compensated for iy time i provide this opinion, ingluding providing
this declaration. | have no direct or nddirect Snanclal interest in Stratus oy any of 8
paterts, and my compensation s not dependent on the oulcoms of any cases

H
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mvolving Stratug. My compensation does not i any way affect the substance or
varacity of sy testimony in this declaration.

8. i dectare that ol statements made herein of my own knowledge are frue and
fhat afl siatements made on information and belief are believed © be trup. | further
dectare that these statements were made with the knowladge that wilifid false
staterment and the Bike s0 made are punishable by fine or imprisonmant, or bolh undey
Section 1001 of the Title 18 of the Unitad Siates Code, and that such willful faise
statements may jeapardize the validity or enforceability of the Stratus Patent.

ryen P ~
Executed t%xés,ﬁ;gm day of April 2028 in __ [ e av+ , Australia.

GLio

Philip Ngch
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ATTACHMENT A TO RULE 312 BECL. OF DR. FINCH DATED APR. 28, 2026

CURRICULUM VITAE

NAME Philip Michael FINCH
DATE OF BIRTH 3 September 1942
QUALIFICATIONS MBBS 1969  Western Australia
DRCOG 1972 London
FFARCS 1975 London
FFPMANZCA 1999 Ausiralia
FIPP 2002 World Institute of Pain
HONOURS The Pask Certificate of Honow awarded by the Council of the

Association of Anaesthetists of Great Britam and Ireland. 1977,

POST GRADUATE EXPERIENCE:

1969 (pre-registration year} 6 months Medicine, 5 months Surgery.
Rovyal Perth Hospital

15/12/70 — 09/03/71 Casualty Officer
St Mary's Haspiial, London.

1971 {6 months} Obstetrics & Gynaecology House Officer
Hillingdon Hospital, Middlesex.

G7/02/71 — 06/08/72 Anaesthetic Senior House Officer
London Hospital, Whitechapel, London.

01A09/73 — 30/04/74 Anaesthetic Senior House Officer
St Bartholomew's Hospital, London.

01/05/74 — 30/04/75 Anaesthetic Registray
St Bartholomew's Hospital, London.

G1/05/75 — 10/10/75 Anaesthetic Registrar
Hospital for Sick Children, Great Ornnond Street. London.

070176 — 06/01/78 Anaesthetic Senior Registrar
Sir Charles Gairdner Hospital, Perth.

G7/08/78 — 28/02/86 Visiting Consultant
Drepartment of Anaesthesia, Intensive Care & Pain Relief Clinic,
Sir Charles Gairdner Hospital, Perth.

28/02/86 — 1988 Co-ordinator
Pain Management Clinic. Sir Charles Gairdner Hospital, Perth.
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FORR — 1990 Private Practice
Pain Management
1990 — Present Medical Director

Perth Pain Management Centre. South Perth.
A multidisciplinary Pain Ceatre formed to diszaose and manage
chronic pain.

2002 Elected to the Board of the World Institute of Pain
P examiner for Diploma of Interventional Pain Medicine
2007 Adjunct Professor in the School of Psvehelogy, Division of Health
Sciences at Murdoch University, Perth.
2011 Secretary to the World Institute of Pain
2013 Adjunct Professor in the School Medicine, Noire Dame University
2019 Board of Neuromodulation Society of Australia and New Zealand
2026 Retired from Medical Practice 3™ March 2026
PUBLICATIONS:

Journal Articles

i.

b2

Finch P and Nancekievil D. The role of hospital mobile medical teams ai a major
azocident. B J Hosp Med 1873; 13 (83: 601-810

Finch Pand Nancekievill D. The role of hospital predical teams at a major accident.
Anaesthesia 1975 30 6656-676

Hamibon T and Finch P Basic Disaster Kit in Westers Ausiralia. Proc. Intersational
Conference on Drsaster Madicine, Cape Town, August 1979, Eds MacMahon and Jooste.
Rotierdam; Balkema Publishers,

Finch P, Ingram I, Henstridge T and Caichpole B. The relationship of sleep stage 1o the
migrating gastrointestinal complex of man. Gastrointestinal Moutlity, Ed. Christeasen 1.
1980; New York: Raven Press. 261-265

Finch P, Ingram D, Henstridge J and Catchpole B. The relationship of fasting
gastroduodenal motility to the sleep cyele. Gastroenterology 1982; 83: 605-612

Finch P and Hamilton T. Early documentation of disaster victims. Anaesthesia 1982; 37:
1185-1189
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Pullan P, Finch P, Yuen R and Watson F. Endogenous opiates modulate release of
erowth hormones in response to acupuncture. Life Sciences 1983; 321 1705-1709

Goucke €, Lovegrove F, Finch P. Lumbar Sympathectomy: spread of
radiopharoiacenticals following a single needie technique. British Journal of Anaesthetics
1987; 59: 944-945

Salmon J. Finch P, Lovegrove F, Warwick A. Mapping the spread of epidural phenol in
cancer pam patients by radionuclide admixture and epidural scintigraphy. The Clinical
Journal of Pain 1992; 8: 18-22

Drummond P, Finch P. Reflex controf of facial flushing during body heating in man.
Brain 1989; 112: 1351-1358

Finch P and Khanpgure M. Analgesic discographv and magnefic resonance imaging
{MRD). 5% World Congress on Pain. Adelaide, Auvstralia: IASP. Pain (Supplement) 1990;
5:5282

Drummond P, Finch P and Smyth G. Reflex sympathetic dysirophy: the significance of
differing plasma catecholamine concentrations m affected and unpaffected linbs. Brain
1961: 1141 2025-2036

Tavlor Tand Finch P. Acute injury of the neck: anatomical and pathological basis of
pain. Annals Academy of Medicine 1993; 22 (21 1-7

Drummond P, Finch P and Gibbons I Microneuromas in reflex sympathetic dystrophy.
78 World Congress on Pain. Paris. France, August 1993. Abstract 1504 563-564

Taylor J and Finch P. Neck sprain. The Australian Family Physician 1993; 22 (9): 1623-
1629

Finch P. Commercial videotape productions 1992;
1. Percutanesus Radiofreguency Cordotomy
2. Trigeminal Radiofrequency Cordotomy

3. S1 Radiofrequency Ganglionotomy

Harrison W, Ginzler M, Salmon J, Robinson A, and Finch P. Exacerbation of kunee pain
post-arthroscopy: a swrvey. 7% World Congress on Pain. Paris, France, Augast 1993
Abstract F502: 563,

Banham N and Finch P et al. Prolonged envenomation from red back spider. Medical
Journal of Ausiralia 1994 161: 379-38]

Drummond P and Finch P et al. Plasma neuropeptide v in the symptomatic limb of
patients with causalgic pain. Clinical Journal Antonoinic Research 1994; 4: 113-116

Drummond P, Skipworth S and Finch P. Alpha-adrenoceptors in normal and hyperalgesic
human skin. Chnical Science 1996; 90: 1-3
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Drummond P, Finch P and Gibbens 1. Innervation of hyperalgesic skin i patients with
comaplex regional pain syndrome. The Clinical Jowmal of Pain 1996, 10

Parpham A, Low A, Finch P, Perbman D and Thomas M. Recutrent graft pain following
renal antofransplantation for loin pain haematuria syadrome. British Journal of Urology
1996; 78: 25-28

Parnham A, Low A, Perlman D, Finch P and Thomas M. Recurrent pain i renal
autotransplants for loin pain haematuria syndrome. Kidney International 1996; 50: 1392-
1424

Finch P, Racz G and McDaniel K. A curved approach to nerve blocks and radiofrequency
lesioning. Pain Digest 1997, 7:251-257

Finch P, Roberts L, Price L. Hadlow N, and Puoilan P. Hypogonadism in patients freated
with infrathecal morphine. The Clinical Journal of Pain 2000; 16 {3} 251234

Roberts L, Finch P, Goucke R, and Price L. Outcome of intrathecal opivids in clwonic
non-cancer pain. Buropean Joumal of Pain 2001; 5 {4} 353-361

Drummond P, Finch P et al. Paint increases during sympathetic arousal in patients with
chronic regional pain syndrome. Neurclogy 2001; 57 (7} 1256-1303

Raj P, Chado H. Finch P et al. Painless electrodiagnostic current perception threshold and
pain folerance threshold valves in CRPS subjects and healthy controls: a pwlticentre
study. Pain Practice 2001; 1 (1} 33-60

Roberts L and Finch P et al. Sex hormone suppression by intrathecal opioids — &
prospective sindy. The Clinical Jowrnal of Fain 2002; 18 (3} 144-148

Finch P. The use of radiofrequency heat lesions in the treatment of lmbar discogenic
pain. Pain Practice 2002 2 {3} 235-240

Playford D. Kulkarni H, Thomas M. Vivian J, Low A, Mander J, Perlman D, Finch P
Intra-ureteric capsaicin in loin pain haematuria syndrome: efficacy and complications.
BJI1J International 2002; 90 (6): 518-521

Drommond PD and Finch PM. Persistence of pain induced startle and forebead cooling
after sympathetic blockade in patients with complex regional pain syndrome. Journal of
Neurology, Newrosurgery and Psychiatry 2604: 75(1 ) 98-182

Finch PM. Radiofrequency denervation of the annulus fibrosus: a rationale. Techniques
in Regional Anesthesia and Pain Managenient 2004 8(1): 41-45

Drummond PD and Finch PM. Sympathetic nervous system involverent in the syndrome
of painfil legs and moving toes. The Clinical Journal of Pain 2004 20: 370-372
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35. Finch PM. Price LM, and Dromunond PD. Diuect radiofrequency heating of painful
amnar dispuptions: 1 yvear outcomes. F Spinal Disord Tech 20035, 18(1}: 6-13

36, Drummond PD and Finch PM. Sensory changes in the forehead of patients with complex
regional pain syndrome. Pain 2006; 123 83-89

37.  Finch P. Technology Imsight: mmaging of low back pain. Natare Clinical Practice
Rheumatology 2006; 2: 334-61

38. Drummond PD, Hassard S and Finch PM. Tripeminal neuralpia. migraine and
sympathetic hyperactivity in a patient with Parrv-Romberg syndrome. Cephalalgia 2006:
26: 1146-1149

39,  Podhajsky RJ and Finch PM. Effects of monopolar radicofrequency heating on intradiscal

pressure in sheep. The Spine Journal 2007; 7: 229234

40 Gibbs GF. Drummond PD. Finch PM. Phillips JK. Unravelling the pathophysiology of
complex regional pain syndrome: focus on sympathetically maintained pain. Chinical and
Experimental Pharmacclogy and Physiology 2008; 35: 717-724

41, Finch PM. Knudsen L, and Drummond P. Reduction of allodynis in patients with
Complex Regional Pain Syndrome: A double-blind placebo controlled trial of topical
Ketamine. Pain 2009; 146: 18-25.

42. Dawscn LF, Phillips JK, Finch PM, Inglis 3}, Dmummond PD. Expression of a{l}-
adrenoceptors on peripheral nociceptive neurons. WNeunroscience 2011; 175: 300-314.

43, Knudsen 1. Finch PM, Drummeond PD. The specificity and mechanisms of henulateral
sensory disturbances in complex regional pain syndrome. Journal of Pain 2011; 12{9)
Q83-990.

44, Castleden WM. Shearman D, Crisp G. Finch P. The mining and burning of coal: effecis

on health and the environment. Medical Journal of Australia 2011; 195(6} 333-335.

45, Drummond PD, Finch PM. A disturbance in sensory processing on the affected side of
the body increases Hinb pamn in complex regional pain syadrome. Clin J Pain 2014; 30(4%
301-306.

46, Drummond ES, Dawson LY, Finch PM, Bennett GI, Drununond PR, Increased
expression of cutaneous al-adrenoceptors afler chronic constriction injury in rais. J Pain
2014; 15{2) 188-196.

47, Drummond PD. Drununond ES, Dawson LF, Mitchell ¥V, Finch PM, Vaughan W,
Phillips K. Upregunlation of gl -adrenoceptors on cutanecus nerve fibres after partial
sciatic nerve ligation and in complex regional paia syndrome type IL. Pain 2014; 1553
606-616.
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Birklein F. Drummiond PD, Lt W, Schilereth T, Albrechi N, Finch PM. Dawson LF, Clark
JB, Kingery WS, Activation of cufaneous inmunumne responses in complex regional pain
syndrome. ¥ Pain 20141 3{5):485-95.

Finch PM, Drummond ES, Dawson LF, Phillips JK, Drummond PD. Up-regulation of
cutaneous ol-adrenocepiors in complex regional pain syndrome type 1. Pain Med
2014:15{111:1945-1956,

Drummond PD and Finch PM. Sympathetic blockade for conmplex regional pain
syndrome. Pain 2014;155(13:2218-2219.

Drummond ES, Dawson LF, Finch PM, L1 W, Guo TZ, Kingery WS, Drumimond

PD. Increased bilateral expression of oi;-adrenoceptors on peripheral nerves, blood
vessels and keratinocytes does not account for pain or neureinflammatory changes after
distal tibia fracture inn rats. Neuroscience 2014; 281C: 99-105.

Finch PM, Price LM, Pullan PT. Drummond PD. Effects of testosterone freatment on
bone mineral density in hvpogonadal men recetving intrathecal opioids. Pain
Pract 2015; 15(4) 308-313,

Drummond PD, Dawson LF, Finch PM. Drummond ES, Wood FM, Fear MW, Up-
regulation of cutaneous Q-adrenocepiors after a burn. Burns 2015, 41{6): 1227-1234.

Finch PM, Drummond PD. Topical treatiment in pain medicine: from ancient remedies to
modern usage. Pain Manag 2015, 5(5) 359-371.

Druommond ES, Maker GG, Birklein F. Finch PM, Drummond PD. Topical prazosin
aftenniates sensitivity to tactile stimuli in patients with complex regional pain svndrome.
Eur J Pain 2016; 20{6):926-935.

Jo b, Finch PM, Oh 1. Epiduroscopic laser neural decompression for removal of L2-3
disc hermiation in a patient with syniptoms suggesiive of L5 nerve root nvolvement. Pain
Med 2016; 17{7): 1386-1388.

Huang I, Ni Z, Finch P. Gasserian ganglion and retrobulbar nerve block in the treatinent
of ophthalmic postherpetic neuralgia: a case report. Pain Pract 2017; 17(7): 961-967

Suhnan AP, Finch PM. Drummond PD. Hyperacusis in chironic pain: neural interactions
between the auditory and nociceptive svstems. Int JF Audiol 2017; 56{1 1) BOI-8G9.

Drammond PD, Finch PM, Birklein F, Stanton-Hicks M, Knudsen LY. Hemisensory
disturbances in patients with complex regional pain syndrome. Pain 2018; 15%(9) 1824
1832
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&k, Morellint W, Finch PM, Goebel A, Drummiond PD. Dermal nerve fibre and mast cell
density, and proximity of mast cells to nerve fibres in the skin of patients with complex
regional pain syndrome. Pain 2018; 159(10): 2021-2025.

£i. Drummond PD, Morellini W, Finch PM, Birklein F, Knudsen 1LF. Complex regional pain
syndrome: intradermal injection of phenviephrine evokes pain and hyperalgesiain a
subgroup of patients with upregulated al-adrenoceptors on dermal nerves. Pain 2018;
159(11): 2296-2305.

62. Finch P, Price L, Drummond P. High frequency {19 kHz) electrical stimulation of
peripheral nerves for treating chironic pain: a double-blind trial of presence versus
absence of stintulation. Neuromodulation 2019, 22{5): 529-536.

&3, Drumnmond PD, Morellini N, Visser E, Finch PM. Parallels between himbosacral
radiculopathy and complex regional pain syndrome: al-adrenoceptor upregulation,
reduced dermal nerve fibre density and hemi-sensory disturbances i post-surgical
sciatica. Pain 2019; 160{8}): 1891-1500.

64, Drummond PD. Morellini N, Visser E, Finch PM. Expression of cutaneous beta-2
adrenoceptors is similar in patients with complex regional pain syndrome and
pain-free controls. Pain Med 2020;21{61:199-207.

&5, Finch P, Drummond P. High-frequency peripheral nerve stimulation for cranicfacial pain.
Prog Neurol Surg 2020:35:1-1 F

66, Vickery, AW, Finch, PM. Cannabis: Are there any benefits? Intern Mead F 2028; 30:
1326-1332.
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Drummond PD., Vo L, Finch PM. The source of hemisensory disturbances in comiplex
regional pain syndrome. Clin F Pain 2021; 37{2}:79-55.

67.  Drupunond PD. Finch PM. Photophobia in complex regional pain syndrome: visual
discomfort is greater on the affected than unaifected side. Pain 2021 Apr 1;162{4%1233-
1240

68. Drununond PD, Finch PM. Pupillary reflexes in complex regional pain syndrome:
asymmeiry 1o arousal stimuli suggests an ipsilateral locus coeruleus deficit. T Pain.
2021;23(1)131-140.

69. Drununond PD, Finch PM. Co-morbidity between irigeiminal autonomic cephalalgias and
complex regional pain syndrome: Two case reports. Cephalalgia 2022:42{71.674-679.

70 Wijava LK, Morici MV, Stumbles PA, Finch PM, Drummond PD. Stimulation of al-
adrenoceptors may intensify cutaneous inflanumation in complex regional pain syndrome.
Pain 2023:164{41:771-781.
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71 Drummond PD, Finch PM. Auditory disturbances in patienis with complex regional pain
syadimme. Pain 2023, 164(4):804-810.

~if
3

Finch PM, Sohrabi HR, Drummond PD. Olfaction in coniplex regional pam syndrome.
Pain Med 2023; 24{61:618-624.

73. Witaya LK, Stmnbles PA, Finch PM, Dimununond PD. Inflanunation induces al-
adrennceptor expression in peripheral blood mononuclear cells of patients with complex
recional pain syndrome. Brain, Behavior, and Inynunity 2024;115:201-8.

74, Drummond PD, Rossen-Abercromby M, Quartermaine A, Ye D, Barbero M, Finch PM.
Spatial distribution of pain in complex regional pain syndrome. Pain 2025:166{10%2342-

2354,

73, Finch PM, Price LM, Price TJF, Kent MI, Dmununond PD. Opioid reduction in patients
with chronic non-cancer pain undergoing treatment with medicinal cannabis. Pain Manag
20251510y 703-71 1.

76 Drammond PD, Finch PM. Complex regional pain syndrome and migraine: clinical

relationships and possible common astiology. Cephalalegin Cephalalgia 2025, Vol 45{12) 1-14
Editors Choice: Cephalalgia

7 Therapeutic dissociation of CGRP-targeted freatments in migraine and complex
regional pain syndrome: Authors’ reply accepted 12-Feb-2026. In Press

Posters

i. Phillips IK, Dawson LF, Gibbs GF. Nordia R, CW Vaughan, Mitchell VA, Finch PM,
Dnumnmond PD. Histological basis for sympathetic-sensory coupling in skin. Proceadings
of the Australian Newroscience Sociefy 2008; 18: 106

Book Chapters

i Finch P and Taylor J (1996). Functional Anatomy of the Spine in Waldman S D and
Winnie A P (Eds.) Interventional Pain Management 1% Edition. Philadelphia: W B
Saunders.

]

Finch P and Taylor J (2001). Functional Anatomy of the Spine in Waldman S D and
Winnie A P (Eds.) Interventional Pain Management 2° Edition. Philadelphia: W B
Saunders.

3. Finch P {2002). Sympathetic Neurolysis in Raj PP {Ed.) Texthook of Regional Anesthesia.
St Louis: Churchill Livingstone.

IPR2024-01212

Avanos v. Stratus
Page & of 18 Stratus Ex. 2052

Page 101 of 198



ATTACHMENT A TO RULE 312 BECL. OF DR. FINCH DATED APR. 28, 2026

4. Finch P (20103 The Sympathetic Chain: Efficacy of Sympathetic Blockade and
Sympathectomy in Tswi 8-L (Ed.}.  Pain Medicine Multidisciphinary Approach. Hong
Kong: HKU Press.

5. Finch P. Girigimsel yontemlerde ifnenin dogru kullanilmasi ve hedefe ulasmadaki
teknikler {Steering the needle: the importance of technique in pain medicine]. In: Erdine
3. editor. Algclojide girisimsel yvimtemler [Pain management imlerventional methods].
Istanbul: Nebel Tip Kitabevieri; 2012, p. 537-544.

GENERAL:

Meeting Convener

“Spinal Pain: Precision Diagnosis and Treatment”. Official satellite meeting of the 6% World

Congress on Pain, Perth, April 818, 1990,

Invited Facully
“Diagnostic Nerve Blocks” 1994, Ausiralian Pain Society, Brisbane.

“Radiofrequency Techniques” 1995, Merida Clinic, Cleveland, Ohio, USA.

First Advanced Interventional Pain Conference & Cadaver Workshop, September 1996,
Budapest, Hungary.

Fourteenth Annual Pain Symposium. June 1997, Lubbock. Texas, USA.

Second Annual Advanced Imferventional Pain Conference & Cadaver Workshop, Seplember
1997, Budapest, Hungary.

Fifteenth Annual Pain Symposium, June 1998, Lubbock, Texas, USA.

Third Annual Advanced Interventional Pain Conference & Cadaver Workshop, September 1998,
Budapest, Hungary.

Spinal Whiplash Symposiumn, September 1998, Jonkopping. Sweden.

Painn Management — Towards 2000, November 1998, Eilat, Israel.

Pain Intervention — Interest Group of the UK Pain Society, March 1999, London, UK.
Visiting Professor — Oregon Health Sciences University, March 1999, Portland, Oregon, TISA.
Australian Pain Society. April 1999, Perth.

Sixteenth Annual Pain Svmposium, Rune 1999, Lubbock, Texas, TUSA.
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Fourth Annual Advanced Interventional Pain Conference and Cadaver Warkshop, September
1999, Budapest, Hungary.

Fifth Annual Advanced Intervemiional Pain Conference and Cadaver Workshop, September
20010, Budapest, Hungary,

Seventeenth Annual Pain Symposium, June 2000, Lubbock, Texas, USA.
Eighteenth Annual Pain Symposiuny, June 2001, Lubbock Texas, USA.

Sixth Annual Advanced Interventional Pain Conference and Cadaver Workshop. September
2001, Budapest, Hungary.

Nineteenth Annual Pain Sympostum, June 2002, Lubbock, Texas, USA.

Seventh Annual Advanced Intervemtional Pain Conference and Cadaver Workshop, September
2002, Budapest, Hungary.

ISIS Meeting, May 2003, Florida, TISA.
Twentieth Annual Pain Svmposmm, June 2003, Lubbock, Texas, USA.

Eighth Anmual Advanced Interventional Pain Conference and Cadaver Warkshop, August 2003,
Budapest, Hungary.

Notwil Conference, Qctober 2003, Switzerland.
AQOSRA Conference, November 2003, Bangkok, Thailand.
Twenty-Fust Annual Pain Svmposium, June 2004, Lubbock, Texas, UISA.

Ninth Annual Advanced Inferventional Pain Conference and Cadaver Workshop, September
2004, Budapest, Hungary.

Third World Congress World Institute of Pain September 2004, Barcelona. Spain.
Indian Pain Society, January 2005, Poona, India.

Interventional Therapy for Acute & Chronic Pain, January 2005, Nottwill, Switzerland.
CASP Meeting, April 2005, Shenzhen, China.

International Forum of Pain Medicine, May 20085, Sofia. Bulgaria.

EULAR (Conference June 2005, Austria. Vienna.

Twenty-Second Annual Pain Sympostum, June 2003, Lubbock, Texas, USA.
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Tenth Annual Advanced Interventional Pamm Conference and Cadaver Workshop, Sepiember

2003, Budapest, Hungary.

Chinese Painn Society Annual Mesting, Deceraber 2005, Shanghai, China,

Kwong Wah Hospital, Visiting Professor Lecture, Tanuary 2006, Hong Kong.

World Institute of Pain, Examiner for FIPP, March 2006, Memphis, Tennessee, USA.
Spine Society of Australia Conference, April 2006, Wentworth, Svdney, Australia.
Eleventh Hong Kong Medical Forum, June 2006, Hong Kong.

Twenty-Third Annual Pain Symposium, fune 2006, Lubbock, Texas, USA.
International Neurosurgery Fomm of Shandong, Faly 2006, Quingdao, China.
Eleventh Annual Advance International Pain Conference, Cadaver Workshop & FIPP
Examination Preparation Course. Sepiember 2006, Budapest, Hungary.

Cadaver Workshop, December 2006, Bangkok, Thailand.

Beijing Pain Conference. March 2007, Beijing, China

Spine Society of Australia Conference, Apnil 2007, Hobart. Tasmania, Australia.
Symposinn on Evidence in Inferventional Pain Management, June 2007, London.
World Institute of Pain Conference, September 2007, Budapest, Hungary.

Minima!l Invasive Pain Therapy Symposiun:, January 2008, Nottwil, Switzerland.

World Institute of Pain, Examiner for FIPP, March 2008, Memphis, Tennessee, 1JSA.

International Pain Clinic Congress World Society of Pain Clinicians, May/June 2008, Seoul,

Korea

Twenty-Fifth Annual Pain Sypiposium, June 2008, Lubbock, Texas, USA.
Waorld Instituie of Pain Conference, September 2008, Budapest. Hungary.
Third Morthern Symposiunt of Pain Management. January 2009, Chianginai, Thailand.

Eleventh Annual Pain Managzement Symposium. Cleveland Climic, February 2009,

Lauderdale, Florida. USA.
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World Institute of Pain, Examiner for FIPP, March 2009, Wew York, USA.

Warld Institnte of Pain Fourth Teernational Syinposinm on Interventional Pain Procedures, June
2009, London, UK.

World Instimite of Pamn Fighth UK Hans-On Cadaver Workshop on Intervemtional Pamn
Procedures, June 2009, London, UK.

World Institute of Pain Fourteenth Annual Advanced Inmterventiopal Pain Conference and
Practical Workshop and Interventional Technigques Review Course, August/Septentber 2009,
Budapest, Hungary.

Amnnual Scientific Meeting in Anaesthesiclogy. October 2009, Hong Kong.

Second Joint Swiss/United Kingdom Winter Pain Meeting, February 2010, Zarich, Switzerland.
Roval Auswralasian College of Surgeons Annual Scientific Congress, Preseniations on
‘Intrathecal Pumps’ and “Medication Options for Complex Regional Pain Syndrome’, May 2010,

Perth, Western Australia.

Biennial Scientific Meeting 2010 of the Pain Association of Singapore, Expressions of Pain, July
201G, Singapore.

International Svmpesiom - Invasive Procedures in Motion, January 2011, Nottwil/Lucerne,
Switzerland.

WIP and WIP Foundation Board and Commmittee Meetings, June 2011, Maastricht, Netherlands.

International Conference on Imterventional Pain Management & FIPP Review Cowrse with
Cadaveric Workshop, September 2011, Chennat, India.

The Sixth World Congress - World Institute of Pain, February 2012, Miami, Florida, USA
Fifteenth World Congress of Pain Clinicians, June 2012, Granada, Spain.

First China Forum of Pain Medicine, September 2012, Beijing. China.

Nevro Masterclass, March 2013, Canberra, Australia.

Pain Society of Australia, 24% Annual Scientific Meeting, Aprii 2013, Perth, Australia.

WIP and WIP Foundation Board and Commiriee Meetings. June 2013, Maastricht, Netherlands.
WIPF Symiposium, November 2013, Kolkata, India.

Malaysian Pain Conference, December 2013, Malaysia.
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Second Asian Congress on Pain, March 2014, Taipei, Taiwan.
Seventh Weorld Congress — World Institute of Pain, May 2014, Maastricht, The Netherlands.
Sixtieth Aunnual Meeting of the Korean Pain Society, May 2015, Seoul, Kaorea.

World Institute of Pain Benelux Sixth Internstional Pain Medicine Symiposium, June 2015,
Maastricht, The Netherlands

Neuwromodulation Society of Australia and New Zealand 11th Annual Scientific Meeting, March
2016, Perth, Ausiralia.

Eighth World Congress of the World Institute of Pain, May 2016, New York, USAL
First International Congress on Spinal Pain in Korea, May 2016, Gwangju, Korea.

Invited faculty, WIP meeting in Taiwan 2019

Reviewer of Papers Submitted for Publication
Joumnal of Pain Research

Pait Management

Paun Practice

Pain Research and Management

Society Membership
Various posters and presentations given over 20 yvears at society meefings.

i Spine Society of Aunstralia

2. Australian Medical Association

i Internatiopal Neuromodulation Society

4, Board of Neuromodulation of Ausiralia and New Zealand-retired

Publications supported by Anstralia and New Zealand College of Anaesthesia (ANZCA)
grants
2006: Mechanism and treaiment of allodvnia in complex regionad pain syndrome
Investigators: PM Finch, PD Drummond, JK Phillips
1. Gibbs GF, Drununond PD, Finch PM, Phillips JK. Unravelling the pathophysiology of
complex regional pain syndrome: focus on sympathetically maintained paie. Clinicaf and
Experimental Pharmacology and Physiology 2008,35:717-724.
IPR2024-01212
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2. Finch PM, Knudsen L, Drummond PD. Reduction of allodynia in patients with complex
regionat pain syndrome: a double-blind placebo-controlled trial of topical ketamina.
Pain 2009:146:18-25,

2010: ddvenergic receptor invalvement in an animal medel of complex regional pain syndrome

tpe i

Investigators: PM Finch, PD Drummond, JK Phillips

{. Dawson LF, Phillips IK. Finch PM, Inglis JF, Drommond PD. Expression of o-
adrenoceptors on peripheral nociceptive newrons. Nenrascience 2011;175:300-314.

2011 Mechanisms of adrenergic hyperalgesia in the partial scintic nerve lgation model of

nexropathic pain

Investigators: PM Finch, PD Drummond, 17 Inglis

1. Drummond ES, Dawson LF, Finch PM, Bennett Gl, Drummond PD. Increased
sxpraession of cutanecus m-adrenocepiors after chronic constriction injury in rats.
Journal of Pain 2014;15:188-196.

2. Drummond £S, Dawson LF, Fineh PM, LW, Guo TZ, Kingery W, Drummaond PD.
increased bilateral expression of ay-adrenaceptors an peripheral narves, blood vessels
and keratinocytes does not account for pain or neuroinflammatory changes after distatl
tibia fracture in rats. Newroscienoe 2014;281:95-108.

2012: Imvesiigating the advenergic component of newropathic pain

Investigators: PM Finch, PD Drummond

i.  Finch PM., Drumimond ES, Dawson LF, Phillips JK, Drummond PD. Up-regulation of
cutaneous qi-adrenocepiors in complex regional pain syndrome type 1 FPain Medicine
2014;15:1943-1956.

2. Brummond PD, Drummond ES, Dawson LF, Mitchell V, Finch PM,
Vaughan CW, Phillips JK. Up-regulation of a,-adrencceptors on cutansous neve fibres
after partial sciatic nerve ligation and in complex regional pain syndrome type il Pain
2014;155:606-616.

Birklein F, Drummond PD, LI W, Schiereth T, Albrecht N, Finch PM,
Bawson L, Clark JB, Kingery W5, Activation of cutansous immune responses in
complex regional pain syndrome, Journal of Pain 2014,;15:485-495.

w

2015 Clarifying the molecular mechanism of sympathetically maintained pain

Investigators: PM Finch, PD Drupunond

1. Morellini N, Finch PM. Goebel A, Drununond PD. Dermal nerve fibre and mast cell density,
and proximity of mast cells to nerve filwes in the skin of patients with complex regional pain
syandrome. Pain 2018;159:2021-2029.

2016: Central sensitization and nuditory disturbances in complex rvegional pain syndrome
Investigators: PM Finch. PD Drammeoend. L Vo
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i. Drumueond PD, Finch PM, Birldein F, Stanton-Hicks M. Knudsen LF. Hemi-sensory
disturbances in patients with comiplex regional pain syndrome. Pain 2018159 1824-1832.

-3

Dremmeond PD, Vo L, Finch PM. The source of hemisensory disturbances in complex
regional pain syndrome. Clinical Jorrnal aof Pain 2021,37.79-85.

2017 Svmpatherically maintained pain in comples vegional pain syndrome

Investigators: E Visser, PM Finch, P} Drummond

1. Drummond PD, Morellind N, Fieh PM, Birklein F, Knudsen LF. Complex regional pain
svndrome: Intradermal injection of phenylephrine evokes pain and hyperalgesia in a
subgroup of patients with upregulated gy-adrenoceptors on dermal nerves. Pain
2018;159:2296-2305.

2. Dmanmoond PD, Morellind N, Visser E, Finch PN, Parallels between Inmbaosacral
radiculopathy and complex regional pain syndrome: gy-adranoceptor upregulation, reduced
dermal nerve fibve density and hemi-sensory disnwrbances iy post-surgical sciatica. Pain
2019:166:1891-1900.

2018: Molecudar evidence of chronic inflammation in complex regional pain syndrome

Investigators: PM Finch. PD Drammond

{. Drummond PD, MoreHini N, Visser E. Finch PM. Expression of cutaneous beta-2

adrenocepiors is similar in patients with comiplex regional pain syndrome and pain-free

controls. Pain Medicine 2020:21:1199-1207.

Wyaya LK, Morici MV, Snunbles PA, Finch PM, Drununond PD. Stimulation of ay-

adrenoceptors may intensify cutaneous inflammation in complex regional pain syndrome.

Pain 2023;164:771-781.

3. Wyaya LK, Stumbles PA| Finch PM, Duounond PD. Intlanunation induces o;-
adrenoceptor expression in peripheral blood mononuclear cells of patients with complex

]

regional pain syndrome. Brain Behavior and fmomunity 2024, 115:201-208

2022 Central nervous system disturbances in complex regiondal pain syndrome
Investigators: PM Finch, PD Drummeond, H Fujtvama, F di Pietro

1. Drummond PD, Finch PM. Auditery disturbances in patients with complex regional pain
syandrome. Pain 2023:164:804-814.

Drununond PD, Finch PM. Complex regional pain svndrome and migraine: chnical

[V

relationships and possible common aeticlogy. Cephnialgic Accepted for publication
November 2023,

3. Drummond PD, Rossen-Abercromby M, Quartermaine A, Ye D, Barbero M, Finch PM.
Spatial distribution of pain in complex regional pain syndrome. FPain Accepted for
publication March 2025,
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2024 Is complex regional pain syndrome associated with struciural or functional changes in the

focus coevulens?

Investigators: PM Finch. PD Dmsunond, 8 Vos

Current Preject at Murdoch University

Research Grants othey than ANZCA

2007- | NHMRC Involvenient of adrenesgic receptors in newropathic 3330000
2004 pain
Co-investigators: PM Finch. JK Phillips
2008 Medtronic Adrenergic receptors in complex regional pain 310,000
Australasia syndrome
Co-invastigators: PM Finch, JK Phillips
2010 Medtronic Establishing a centre for research on chronic pain and | $30.000
Australasia inflapumatory diseases
Co-mnvestieafor: PM Finch
2010 StJude Altered expression of adrenergic recepiors in animal 516,000
Medical models of complex regional pain syndrome
Co-investieator: PM Finch
2011 St Jude Alpha adrenergic receptor subiypes on sensory nerves | $15.000
Medical in conditions of chronic pain
Co-investicators: M Connor, JK Phillips {(Macquarie
University}, P Finch, L Dawson (Murdoch University)
1 McGrath (University of Glasgow, Scotland)
2031 Perpetual Alpha adrenergic receptor subiypes on sensory nerves | $50,000
Trustees in conditicns of chironic pain
Co-investigators: M Connor, JK Phillips {(Macquarie
University}, P Finch, L Dawson (Murdoch University)
I McGrath (University of Glasgow, Scotland)
2012- | NHMRC Mechanisin and treatment of sympathetically 3466597
2014 maintained pain
Co-investiggiors: P Finch, F Birklein (Germany}), N
Harden (USA)Y
2016 RSDSA A multi-site study of sympathetically maintained pain | USD
in complex regional pain syadrome 392,621
Co-investicators: P Finch. ¥ Baklein, T Schlereth, H
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Kramer, L Knudsen, P Karlsson, T Jensen, M Stanton-
Hicks. J Cheng, J Wu. J Xu. H Amvrault

2017 St Jude Pharmacelogical treatinent of sensory disturbances and | $20,000
hedical pain in complex regional pain syndrome
Investigators: P Finch, P Drummond

Research dwards
Ruossell Cole Memorial ANZCA Research Award 2016: Central sensitisation and auditory
disturbances in complex regional pain syadrome — Philip Finch and Peter Drunwmond

Clinical Eguipment Trials Completed

i. A new one-piece intrathecal catheter (Medironic). Completed 1998, A multicenive siudy.
2. Evahiation of the newrometer (Neurofron, Inc) — a sensory festing device. Completed

1998, A multicentre simdy.

Clinical trial of the Synergy systemn (Medtronic) of dual channel epidural stimulators.

93]

Eguipment Development
i. Development of a conscious state monitor up © a profotype stage. EEG analysed by fast
Fourier transform analysis and presenied as a colour contour plot.(Never commercialised)

2. Racz-Finch family of curved radiofrequency electrodes {Radionics, TISA).
3. Discirode: Finch-Kamson intradiscal radiofrequency electrode (Radionics, USA).
4. Ultrasound friendly radicfrequency needies {Epuined International. USA)

China Pain Clinic

In January 2006. in association with Dr Ni Zhongge, T opened a clinic for the freatment of
chironic paia i Shenvang, China. Dr Ni is a2 neurosurgeon. The aim of this clinic is o promote
the use of the scientific method and evidence-based treatment in the management of pain
syndrommes. It is hoped that by the establishment of a centre of excellence in Shenyang, China
that the teaching of pain management can be promoted in China. A small adjupct Traditional
Chinese Medicine Clinic has also been recently opened.

Honorary Professor
Henorary Professor, Shenvang Medical Centre, Pesple’s Republic of China for my work in
the chronic pain field.

Research
Adjunct Professor, School of Psycholagy and Exercise Science at Murdach University,
Mardoch University
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Although my involvement in full time private practice has limited my capacity to be more
actively involved in research, I have consistently published 1-3 papers per year over the past 20
vears. Throughont this time, I bave had a very productive parinership with Professor Dramnyond
and other members of staff ar Murdoch University. This was recognised in 2007 when I was
appointed Adjoact Professor in the School of Psvehelogy.

In 2010 Professor Drununond and I established the Centwre for Research on Chronic Pain and
Inflammatory diseases at Murdoch University. My role is {o supervise research students, provide
climical guidance and expertise, and to assist with recruitinent of patients. T have also been
actively involved in promoting the Research Centre 1o the medical comniunity and have been
successful in raising support for the Centre froin various sowmces.

Throughount my career I have had a particular interest in translating experimental findings into
clinical practice, and in training the next generation of researchers and clinicians. Over the past
few years, I co-supervised Dr Lone Knudsen’s PhD thesis {(awarded in 2009} and Ms Jeanette
Lynch's Master of Applied Psychology thesis. Several papers based on Lope’s work have
already been published and additional papers have been submitied for publication and are in
preparation. T have also taken on a mentoring rele for owr postdectoral fellow (AY Linda
Dawson), particelarly with regard to the presentation and interpretation of immmunochistochemical
data obtained in owr current projects.

Adjunct Proefessor, School of Medicine, Fremantle Campus at the University of Neoire
Dame Aunstralia.

Social

Built a Glastar experimental aircraft commencing April F998, first flight December 2000, now
completed 1400 hours in the air. Current president of Chapter 24, Sport Anvcraft Association
Ausiralia

Horticultyral
Ran a sniall comimercial avocado grove in Southwestern Australia-now ceased farming for
cominercial reasons.
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BENT THF ELECTRICAL SURGICAL PROBE
FIELD OF THE INVENTION

The invention relates 1o & sysiem fur pain relied employ-
fng electriosl stimudation or high frequency delivery
techpiques. andd more particnlady o an appartus for pain
relief that delivers slectrical stimulalion pulbwes or high-
frequency signals to the victmty of 5 neural structire via an
glectrical needle or capnula.

BACKGROUND OF THE INVENTION

{t has been fouad that rebicf from localized par can be
achioved o many patients throagh the dedivery of electoeal
stimalation or lugh-frequency signals 1o a target region. To
accommplish this, stinudation or radio-froquency electrodes
are ploed within g patient™s body. Those electrodes ure
connecied o a generstor of stimulation cleclrical signals or
high-frequency lectrical signals 0 deliver covrgy to tissue
and penral stenctures. This can result o aaesthesia, tempo-
racy veliel, or long-termy wliel from oasin. Bxamples of
electrodes, signal gesersions, and methods usable for this
prrposs can be found in the product Hane of Radiowics, Inc.,
of Burlinglon, Massachusetts.

A wide variety of clectrode geometries can be wsed in
such applications. For example, an clectrode uail haviag an
sujated shall and 53 exposed electrical tip, which caa be
potetted, bt and rounded, or open, are sultzble For vatious
proveduses, Pointed Lips are self-pepetuniag, whike rounded
tips can be wsed in soft tissue such asthe bratn, Open Ups can
be used to deliver s hguid or other dagnostic or therapeutic
agont, or 4 stylet o an enduscople e, to the target while
simultancously performing electrical eabment. Radio-
freguency electrodes are commonly used; these tvpicaily
have an tmsulatod siraight tubmlar metal shaft with an elec-
wrically exposed tip. Coanection at the bub or peoximal end
of the electrode 1s made to ap external sipnal generator
capable of geasratimy stimulation or high-Freguency energy.
In the covrse of treatmeni, the electrode s inserted inio the
patient’s tssue, and signals from the signal genoraior are
therchy delivered into the region of the patieat’s tissue
surrounditg the tp of the clectrode.

The SME Needle electrodes [rom Radionics are in some
wiyvs representative of electrodes typically used in pain
relief procedurcs. The SME Newsdles have plastic Bubs and
metal shafts that are insulated over most of their length. An
exposed tip is 4 straipht extension of the metal tublng shaft
of the aeedie. An obdurating stylet s Tuseeted {nto the needle
duriag insertion o the patient’s tissue, Opce i has been
mserted, the styvlet is withdrawn and the radio-freguency or
stirnalation probe i3 faseted. The probe fs comnectad b an
external signal generator, Coulast agents or anesthetic theids
can be inpocted ixeo tho tssee near the y throvgh the hollow
neacHe.

A connmon use for the Radiomics SMK Needle is in the
stimulation and deporvation of a paticat’s spine. In this
procedure, the SME Needle clectrodes are inserted, while
viewed viaz N-ray or fuoroscope, near the fucad joits of
other sewral stractures of the spise. Ancsthetic or disgnostic
locaiization agents can be injocted through the needles, and
stimnulation testing can then be porfvrmed. Radio-frequency
heat ablation of  portion of 1e paticat’s tissue near the tip
of 1 needhe is rontinely performed. Hence, proper placement
of the needle Up i the complicated stoncture of a patient’s
spine reguires great skill by the treating clinician. Oune
Hnitation of the straight elecirodes typleally used fn such
procedures iz that the needles may need Lo be withdrawn and

.

75

Kt

i

2
re-funserled minltiple times 10 achieve the proper larget region
for the needle tip.

The oeed w access other complex structures, such as
Jumbar-sacral discs, pacticubarly where there is a high nelvic
brim in males and o those individeasls hoving oxirenw
degenerative parrowing, makes needle placement even wiore
difficull. The perve root i the lower spine may be acciden-
falty impaled; this presents a serious medical risk o the
palicat. Again, the use of straight, self-ponetrating needlos is
Hmited somewhat i that the tp is collinear with the needle
shaft, so navigating the tip W avoid cdtical structues
requires redirection of the shalt and repeated wampulation.
It would be desivable to el such edirection o ways
unachievabic by a siraight needle, reducing the need
withciraw and reimser? the needles.

Moreover, the straighl, exposed bp ol o straighl needle
canol g the contour of a curved bomy structure such as
the superior articular Tacel, which proximates targe!l gerves.
This can prosent o pestriction to tage! focallon n some
sifnations,

It 3% desirable to be able o redirect or sleer the tip of the
clectrode, which for straipht needles can be tedivus and
ditficull. [t is further desirabe 1o be able to control the tip of
z necdle by mere shaft sotation or other means of manipy-
Falton.

Stimulation and high frequency clectrodes having
expandable and flexible curved tips are known, Exaaples of
such clectrodes are 1he TEW Eleoirode Kit and the ZHK
Llectrode Kit, both manufaciured by Radionies. Those elec-
frodes both have Hlexible, curved Hps, which ectend from the
stratght shaft of an enclosing cannula to extend off-axis In an
arc. This s uselul in certain geural regions such as the
{rigeminal ganglion oy the piuitary glind, or any srea whore
the terget togion 5 very soft ot Huid Alled. Such flexible
off-axis clectrodes Bave a limitation that there dps camot
pencirate tough tissue or encovnter hard bone withont being
dantaged or dverted.

It i obkerved that oeither straight acedles nor flexible
clectrodes have the desired characteristos for use dn
difficuli-tnereach turget regions. Accordingly, # would he
desiabic to have auw elecirode canunla for stimudation oo
ablation that avoids the Hmilations of the art,

SUMMARY OF THE INVENTION

The present Invention is directed to & system and metbod
for delivering anesthesia, pain relicf, or aher tecatment
volviag a firsly ourved tip seedle electrode. Tn one
cxample, a neodle compasing a metal twbular shall baving
msulation over a porton of the sheft Forther inclides an
exposed and beat ap portioer. This hend can be fabwicuted
into the metal shalt so that it is relatively permanent and
robust. The bont aeedle can thes e connected 1 4 signal
sencrator to supply stimudadon, bigh frequency, or pulsed
high frequency signals for the purpose of sthnubation, heat
ablation, o3 other anesthetic cleciricul action.

Such a robust bent tp would make possible the
te-throction of the positon asd orientation of the tp tear
geral siracisres, bone, or criticel structures, without the
need fo felly withdeaw and re-insert the needle. Adteration of
the direction of the needle hub presents another advantage.
I can he advaptageons with a bent tip o follow neural
struchires, hug bony struchures, and svoid certain ogans or
regions &t risk, which can be useiul fn certain chinicsl
applivatious,

A further advantage of 2 permanently bewl or cuved
needle is that its positiog can be allered to some degree by
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merely mtating the weedle shafl; this 18 ot the case with
straight neadles. Accordingly, some position adjustments
can be porformed with fewer manipulations than a straight
peedle wonld require. Morcover, a beat or curved peedle
haviagg & pointed tp mounted at the distal end of & elatively
pigict tbwlar or sobid shaft ensbles self-penctrabiion of tough
tissue geat Batd, bony struciures, This kind of manipulation
i not generally possible with side outlet-bearing electrodes
such as Radiomios” TEW and ZIHK kits bocause of the
fragility and fexibility of their tips.

The sdvancemont and manipulation of 4 bent necdie or
canmuly cun be performed under Xaav or other guidance by
the climician o place the beat Hp (o s arget position. This
provides an added advaniage over a straight needls or
canmula.

Thess features and advantayes as well as others will be
apparcnt in the detailed descrdption that follows,

BRIEF BESCRIFIION OF TUHE DRAWINGS

In the drawings, which constitute 2 part of this
specificaticn, emboditnents are exhibhted i vardons fores,
and are set forth specrfically:

FHE 1 s & schematic diagram of o bent dp clectrical
neecle connected to an clectricyd sipns} generator, m accor-
dagce with the preseat invention;

PG, 2 ipcdudes TG, 2A and FIG. 38, which show
schematic side elevation and orthogonal view representa-
tiens of a bew tip needle with a stylet, an elecirical probe,
and a signal generator; and

FHG. 3 includes FIG. 3A and FIG. 3B, which show a side
clevation view and an orthogonal view, schematically
rendored, of a dlunt bent-tipped goedic with mdex madkings
andd an injection port.

DETAMED DESCRIPTION OF THI
INVENTION

Referdng intially (o FIG. 1. a radic-frequency clecliode
canaula 1 having 2 shaft 12 s shown inserted into 4 poriion
P of a patient’s body, The shaft 12 of the electrode cannula
1 biss & agid, permauent, off-ax:s bend w4 distal tp 14, The
canenda B0 can be {nsericd directly throuph the shin of the
boaky portion P 1o locate the tip 14 i s target position within
the body. For illesirstive purposes, an intornsl anatomical
structure 16 is showe, and the curved dp 14 s divected
sromt the aodiomical strectore 16 This cap be accom-
plished by munipulation of the shalt 12 upon inscrtion.
making use of an off-axis, rigid, owved, sclf-pesctning
point I8 defined by the tip 14, The shaft 12 can be axuaily
rotated, as Hhasérated 10 FIG. 1 by ap arrow AL The p 14 wil]
secordingly alter ix azimuthal orientation withia the body
portion P wilh respect {o the fixed position of the shaft 12.
Thereforg, for & wiven dircction of inscelion, the curvature of
the tip 14 pormits 4 variety of tip positions to be reached. In
this way, by 2 process of iiseiting the electrode cannuba 10
ongitedinally and rotaticg it aanmuthally according o the
aprowe A, the tp B4 cen be steeeed or directed i accordunce
with the operating clinician’s needs and actions.

The clectrode canoula 16 further comprises 2 hub 24, The
hub 20 is capable of sceommodating an clectrical probe 22,
which rnchudes @ segirens that is sseded Do and yeceived
by the shaft 12 of the cennula I8 This physical refabonship
tretween the probe 22 and the shafl 12 facilitates electrieal
contact betwaen the two cloments.

An electrical stynal 15 transmitted to a target region within
the body portion P by way of a pair of clecirical conaectioas

.

75

3

et

i

4

24 and 26, A first eloctrical connection 24 couples the
cannilz HY to an exteront stgoan] generator 28 by way of the
hub 26 and the probe 22, A second cloctrical cognection 36
vonnects the exiernal signal peocrator 28 to a reforonce
clectrode 38 1a contact with the patient’s body pottion £ As
discussed ubove, the signal geacestor 28 can be a source of
electneal stimulation. pulsed high-frequency stimulasion
signals, high frequency signals, pulsed radin-frequency
oipi, or other electrical wavelvmms, The two electrical

. connections 24 and 26, m cooperation with the canoula 18

and the relereoce clectrode 30, form o complete electrical
chreudt permiting curtent How, For backgronnd information
on how his bas beea accomplished I past sysiems, soe €.
R. Cosman and B. 1 Cosman, “Methods of Makiog Nervous
Svstern Lesions,” tn R, H. Wilkins and 5. 8. Rengachary,
eds., Newrosurgery, New York: MoGraw-EIHE (3984), v TH,
pp. 2490-9%,

CGenerally, by the conneetions st forth above, an output of
the signat genoratoy 28 is conveyed via the Aot electrical
conmection 24 1o the probe 22, the camula M), and {is up 14.
This canses electrical stimulation or high-{requency heating
of dssue gear the exposed electideal gp 14 This practice is
well known in the arts of stretlation and ablation.

However, in acoonlance with an ecmbodiment of the
tovention, a¢ showe in the ilustraion of FIG. 1, the tip 14
of the canasla 16 has 1 bent configursion, and the straight
portion 32 of ibe shaft 12 is at least in part clectrically
susubiied, as indivated by the hatohed area of PG L The
cauitla 1056 wmserted into the patient’s body portion P under
Heray puidance. One common praciice is 0 locate an Xeray
source N along s desired axis for necdle placenent. An
imtage detector | disposed on an opposite side of the body
portton P then receives those Xerays trapsmitted alony
axis X of the cannvia 18, thereby permitting verification of
the proper Jocation and orentation of the tip 14 of e
cauitlz T When boay asatomy comresponds 10 the sppro-
priste direciion of lnsedion by the chinician, the cannulz 16
can be wmserted into the patient’s body portion P along that
direction. See B R, Cosman and B. 1 Cosmat, “Methods of
Maling Nesvous System Lesioas,” o B H. Wilkins and 8.
S, Reagachary, eds . Newnssurgery, Now Yorke MeGraw-
HitE {19843, v 100, pp. 249048 Fhis is krown as the “aeedle
view” method of needle placement.

Comroandy, » C-aon Sroroscopic X-ray machioe includes

g the source 8 and the drmsge detector L When the cunoula 10

has been moved inte 2 ongiudina} position near the urgct,
the angular oricstation of the up 14 can be nmunipulated inta
oue of many possible mtation angles, as ndicated by the
seow A As an iHustration, 1be curved fip 34 can be sicered
aronnd the anatomical strocture 16, The sweface of the

exposed tip 34 can be posiioned W “hug” or otherwise
approach the contowr of the anatomical structure 16, The
structure Mo may be a bopy strmeture thal has oerves runaing
near tts surface, and the choiclan may desire 1o modify or
coagnbae those gerves by clectrical sigaals seot from the tip
14 by the signal gencrator 28, This procedure can be more
elfective when performed with the rigid bent tp 14 of the
irvendion than with a waditional straight or fexible tip.
FIG. 2 shows another ersbodiment of the present fnven-
tion. By way of g further explanation of a specific
embodiment, FIG, 2 ilhustrates various additional {estures of
3 curved o beat-tipped clectrical acedle. o an tHustoative
cmbodiment, the shaft 34 comprises & hollow metad be
with an nsulsted ponion 36 Wustraled by hatched lines, as
shown in FIG. 1 The distal cwrved ip porton 38 is an
extension of the metal twbe; it defines & permanent or
somi-permancrd curse that has an at loast pacially uninsu-
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fated surface portion. In the embodiment iHostratod in FIG
2, the bend i3 approximately curvilinear and delined fry a
radial are. The tip portion 38 of the shaft 34 has a distal
pointed wnd 48, which as described above can be useful in
pepcteating tomgh tissae. A hub 42 can be metal, or alierpa-
tivedy plastic when cadiotrapsincency ts desired.

The embodiment set forith 2e FEG. 2A038 sbiown with a
stylet suseried, Thongh most of the stvlet s oot visible,
bocadse 13 obscured by the shaft 33, the hub 44 of the stylet
HAA T H

e at the prowimsl ead of the device. Traditional
neecte sets that include insulated metal shafls with matehing
sivlets aee common in medical practice, See, {or cxample,
the SMK needles and cannulse mude by Radioaics.

FHG. 2B 5 another view of the needls llustrated in G,
2A, but sdditions] fearures are visible. The pointed eond 40
defines an opening 46 that is capable, a5 discussed above, of
dispensing diagnostic or therapouite Liguids, or of allowiog
& stylet or endoscopic Bstruneat to pass. Also shown is an
mdex dot 48 o the bubh which tadicates the orientation of
the bont tip 38, In a preforred embodiment, the index dot 48
18 focated at the satne mdial position oe the shaft 34 as the
bent tp 38 und pointed erd HL Ag index notch 58, which
mdexes the stylet and its hulr 34 with respect to the shaft 34
and the oricntation of the tip 14, s further provided. Index
notches such as noteh 58 are commonty vsed i needle and
sivier sets. An clocirical probe 32 is receivable by the shafi
34 when the stylet is removed: it has a probe shafl 54 and &
peabe tp 86. [0 one embodiment of the tnvention, the probe
tip 56 comprises @ temperaium seosorn See, for examyple, the
SMK needles and canmilac made by Radionios.

The apparatus tHustrated in FIGS. 2ZA and 2B is uscd as
fodlows. The cannula A3, with a stylet positioned i the shalt
34, ik inserted inin the patent™s horly portion P (PG 1}
either percutaneously or intrapperatively. An Xeray viewer
{comprising a scaree S and ap tmage detector §, as disclosed
above) can serify the position and orlemiation of the bent tp
A8 ia relation o desired anatomical targeis, The stylet is then
remwoved. and the probe 32 5§ ook o the shatt 24 The
probe 52 s connected 1o the signal gencrator 38, and the
process of clectrical stimulation, high-frequency beating, or
other clectneal appheation can be made. Electrical sigoals
from the signal pgeeortor 838 arc commuapicated to the
exposed distal tip 38 by way of contact between the probre
shaft 54 and an internal amen defiaed by the electrode shafh
34, I e electrode shialt 34 or cananla is a wetal tube and
the probe shaft 54 has o metad ower surface, thon this can be
accomplished simply through physical contact between the
peobe shaft 54 and the clecirode shalt 34, When the appli-
cation of thempeutic electrical signals is complete, the probe
32 is wibdrawa from the canmuda 33, and the clectrode can
then be withdrwn from the palient.

FiG. 3 ilustrates @ further embodiment of the invention,
useful I certain other applications. FIGS. 3A aad 3R
represern alternative views of the same embodimesnt, ead as
such, reforeace numerals are shared between the figures, In
the cammily 89 {Hustrated {n TEG. 3A, a shaft 68 has an
msuiated proximal portion 82 {dashed-line portion) and an
werinsulaed disial tip section 64, The shaft 60 defines
permatest, rigid hend portios 66, The bont poriion 66 can be
in the imsvlated proximal portion 62 or in the distud tip
section 64 depeoding on the appication; in the Hustraked
crabodiment, the bent portion 86 35 part of ihe distal tip
scotion 64, The tip section 64 also has 3 rolatively stcoghe
porton. The tip section 64 lerminaies i 3 bluat or ronnded
end 68, which in this embodiment is closed (in comirast (o
the opert ends 18 and 40 of FIGS. 1 and 2). A hub M is a

standasd hypodermic needle or luer type b, capable of
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contiection 1o stylets, electrical probes, syringes, or injection
fbes, For examiple, precision nerve blocks by injection of
local anesthetic can be wed to confivm the exact position of
& target o e diagaostic procedure. This may then be 2
precursos o other options such ax stimulation, radic-
frequency beabiog, pulsed radio-freguency  besting, and
otfier provedures discussed herein.

A portad window 72 12 shown in the tip portion 64 of the
bent aeedle or casnula 8% of FIG. 3. i this way, snesthetic,
contrast duids, or other disgnostic o therapentic agonis
imected through the bub T will be discharged through the
window 72 on a laieral portion of the tip 64. Agsin, mn index
warker T4 tndicates 0 the chnican he divection of the bemt
tip 6, oven when the Uip 64 is not directy visible. The ndex
urarker 74 is preferably placed on 2 proximal pordon of the
cangula 59 or other mstrument, and o the Hlustrated
embodiment on the hub 70, The index marker 74 facilitates
steering the bert tip duding placement of the canaula in the
patient’s Hssue; it also indicates the divection of the window
T 3f Hheids are to be hyjected brtecstitially.

Iny oeve emmbrdiment of the iovention, as Hustrated in PG,
3, the wigdow 72 lics on an inside ponion of the curved or
bent tip 64. 1n this way, the directionality of the injected
snesthetic or contesst fluid can be maintsined 1owaed the
inside of the needle’s curve.

Cannulae such as those shown in FIGS. 1-3, particularly
the sharp-tipped embrodiments ilusirated in FIGS. T aod 2,
st be placed with scouracy and care o avoid injury 1o
critical oenral siraciires. The use of a Coarn X-ray mwachioe,
such as that schematically indicated by the sovree 8 and
imuge detectw | oof FIG. 1 ks a common dnaging metbod
used for tosertion and placement. The “peedle view™ or
“heam view” appoach used with such an integing method is
w common ractice, However, it showld be aoted that
altemnate gty methods for seedle or cunnuls placemen
can employ 8, MRI, ulizasound, or other techuigues.

The advastages and uses of the bent tp cleetrical cannu-
Tae disclosed and claimed herein are apparend in Hght of the
forggoiey sbuctural details, Best tip eloctacal probes
aocordiog to the invention provide improved target position-
g and safer placcment tn compatison to traditional troat-
ment modalitics. For example, dircctional steering is facili-
fated by the cueve o the distal ead of a spinal needle formwd
io accordance with the cmbodbneats of FIGS, 1 and 2.
Tritsectional clianges during necdle insertion can be achioved
more eastly and less travmatically than would tiheewise be
possible with o straighi-tipped electrode, reducing the need
For repeated painil withdowsls and re-insertions.

With » bent-tipped electrode or canemla, rotating the hub
while the device is dnserted cau olimte steoring along »
destred insertion path. i this way, & corved or beat-tipped
devicr 18 steered down the N-ray beam, or perpendicular o
the plane of the “needle view,” 1oward the target. The exact
skin entry point used o reach a particular target 35 loss
impoiant with g beni-tipped device, because o considerable
degres of dirsctional contrel is possible during manipulation
of the aeedis towand the 1arget.

Afurther advantage of vsing a smalbgauge spanal needle
with a curved or bent distal end is that it can be scourately
steered into narow and relaiively diffieuli-to-acoess por-
fioms of 1 patient’s spine. For example, aovess (o the Jumbar
savral dise is often difficull with siraight needles, especially
with the tugh pelvic brins 1n wminles and the extreme degen-
crative parrowing seen in the bowy siractures of some
patienls. in these sitwadons. the wse of 3 straight-tipped
needle can iscrease the risk of L3 nerve rool puociure or
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fjury. With the preseant invention and # corved-tipped spinal
needls, this danger can be avoided amd the risks thereby
mighmized. The bent tip coables & curved approach o the
spinal structures and the intravertebral dise. §i facilitates the
placement of the cwrved tp do such 3 way 2s to hug or
confors the outer aspect of the superior articular facet.
Morcover, the curved needle of the peesent {nvention can be
steered around comers, andermeath bote gradls, asd past
spinal fixanon devices syoh &8 metad plates that sy bave
treen implanied on the spine in previous surgical procedures.

Yob another advanlage of the system and metbod of the
present tnvention i that cortuin other asmomical strucinres
afe easicr 10 access with a curved-tipped aeedle. The Tumbuay
ioint, which is 2 complex carved strtcture, and the sacroliac
Iodnt, which i partially obscured 10 a postenor approach by
the dium, are clinical examples in which this advantage is
particolatdy importaol. Moreover, a fine degree of direc-
tional comrol cen be achieved i the context of norve
blocking of spinal roots i these aress and In the werve root
canals. As in all surgical procedures, avordagce of dnjury to
deficate anatomic structires 18 of primary mporisnce. As
discussed shove, this can be accomplished by mabking smal
adfusiments o the dircction of the curved oeedle tHp, by
altering the azimnutial oricotation of the shalt during piace-
ment.

Directioasl contool is paicularly advantageons in cervi-
cal discography, which rvolves sccess via an oblique ract
that svoids siroctures such as the esophagus, which is faden
with bacteris. The curved tip of a needls acoording o the
fnvention, placed m this case near the anterior aspect of the
infervertebral joint, s then steered by s cwrvature into the
dise. Tt is even possible B alier the positios of the needle in
the disc once 3 bas enteruid e dise dsetl.

Another tportant clinxcal appleation 13 faeral cary o
the tamicopalatine lossa via the tarrioommaxillary fssure,
which is partially chsirected by the convex postenor wall of
the meaxitia. A neodie with & fermival or distal curve can be
used with advantage to negotiste this difficult catry wact. As
with entry 1o the spias] nerve root canal, small chapges in the
ogentation of the curved distal #Hp are possible with the
present mveniion, withont the peed 1o withdeser and insert
the needle multiple times.

Puetheomore, the untasulaied poriion of the tip 14, 38, oc
64 {FIGS. 1-3) can be made w0 lic parsllel wr oeural
structures which are on 8 corvilinesr geometry, This con-
fignration is adeantageous in those clinics} stmations i
which a radin-lrequeoney hewt lesion is 1o be made on the
neural Structises, as the uninsulated tp used fo gonerde the
iesions conforms betler W the larget neural structures.

The apparatus of the present inveation enables access to
mitdtiple tip positions and ordentatiots with lewer needie
msertions thap with conventional straight-tipped meodies,
This s achieved by rotating the hub of the canoula 59 (FIG.
3, For o ic) 1o cause the curved p 64 10 acoess differcwt
tmeget volumes. For example, when treating the medial
branches of the postertoramus in the cervical reglon, siraght
slectindes generally must be placed at several pons, st
each facet joint is encrvated by more than ooe division of the
posterioramyus verve. The curved needle of the present
mvention reduces the need for multiple placements.
Furtheanors, one can schicve varied directonality within
homy opemngs such a8 the foramen ovale for aovess 1o the
wigeninal gaoplion or the spat forameny for access o
spimal root ganglia.

As illusirated in FIGS. 2 and 3, the corved peedles of the
fnveation may have color-coded markers such as the index
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dot 48 (FEHG. 2} and the index marker 74 (FIG, 3} These
markers fndicate the oricstation of the curved tip for con-
vogient steering or savigating of the canoula 33 or 3% oeoce
# has been plaved within e paticnt’s tissuwe. Color coding
al the proximal end of the canmula may be used to indicate
the degree of curvatze of the tips it s expected that differont
curvatures will most advacageously be used in different
patients and applications, where the twrget regious have
varied geomotrics,

Those individuals skilled in the art will ceongoize that
mangy variations of the electrode geometries depicted in
FIGS, £-3 are possible without departing fom the iaven-
fica. Various sized clectrodes can be made, Bom estremely
small gauges (e, 30 gange) o ravch larper sizes fe.p., 10
gaugey, Also, 1he shape and degree of tip curvatuee may vary
widedy, The shape of the tip and the extent of tnsulation vs.
exposed electrode can be vanable, depending on the appli-
cation. Por example, in FIGE. | and 2, the exposure of the
tip 14 oy 38 may be only oa one side of the cannaly 1o
fFacilitate divecional stimulation or ablation; the oxposcd
portion of the tp seed not extend &l the way around the up
azimutbaily,

Moreover, as discussed above, the tip of an eloctrode
constructid according w the invention may buve a shurp or
a bhunt poist. A bluet or rovnded sod can be preferable in
somme sifweiions, as B owill deflect away from o nessal
structoee or blood vessel ruber than pierce or injure it As an
exawple, in stimutation and esscning applications, a socedle
i ay need w be placed at the hunbar sympathiclic nerve
chatn, which passes close 0 the venlral serves and the
lumbar plexies. In this sitnation, 2 bluat-tipped oeedle is
safer. Another advantage of a blunt-tipped needle is that it
cat give a prestor degree of “feel” ax i passcs through
various Hssie structures and planes. For example, there is a
distinct “popping” sensaiion a5 a Dluat p passes through the
peoas {asciz on its way to the sympathetic nerve chain. To
msert 3 blwp-tipped seedle, » radnional pointed infrave-
nous cannula can be passed or punctured through the skin o
& certain level, with the blunt-tipped noedle according to the
iveniion then inscred info the same act, of even through
the cannula. Deeper tissues tead to prosent less rosistance 10
& blunt-tipped peedie thay the skip and shallow stiuctures,
unless there is substantial scarring, and therofore & blune-
tipped needle can Heguently e mampalated very easily.

I soxee shunations, a sharp needle {such as those Hus-
frated i FIGS. 1 and 2) may be casive fo dased or manipu-
tated. For examunle, in a conscious paticat, 4 pointed needle
is Amseried e comipoably, whereas for 2 sedated pationt
3 bnat-tipped aeedie may be used. Ia another coniest, the
medial brasch of the superior ramms s beiter approached
with & sharp-tipped veedle or canpula because major nevral
structures do not He in the desired pathway w the lumbar
tragsfer process or the waste of the articulate pillar {n the
cervical sping. [n the pointedutipped secdie shown in FIGL 2,
the apoduee of oporing 46 For iajocting Huids Hes at the vety
disial cad of the tip 38, 0 contast 1o the laside wall used for
the window 7T of FG. 3.

Various {orms aod ersbodiments of the bent tip needle or
cannilz are provided horein involving varous shapes, siges,
forms, and configuestions of the canouls and associated
stylet, e¢lecirical conncction, temperaiunre moaitoring
scheme, sigeal gencrator, and other componeats. However,
it should be recognized that other forms of the mesont
jnwention mway becowe apparent 10 those skilled in the ant.
Lor examyple, as discussed above, varous configurations of
1ip geometry, bluataess or sharpaess, degree of curvature,
position of Buid injection ports, and the insulation configy-
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rating may be devised. Moreover, the curvature of the tip
may by permanenily established upon smamafaciure of the
devige, or in an alternative embodiment, may be modified by
hepding 2 semi-matieable strocture at the tinke of surgery by
the clindcian. A family of needles or ceamalac with different
gemnetries may be oreated according to the fovention.

£ should be goted that the terms needle, probe, cananla,
et as nsed heredn ol denote medical atud surgical nols that
can aconmmodaic the beat tp structure disclosed and
clairned. There & oo infottion o restrict any pariicuisr
embodiment of the inveaioa o fower than all of the
foregoing  implements. Furthenmore, cortain excemplary
vlinical applications hive been disonssed berein as those in
which the vention can be successfully emploved w the
vlindeian’s advantage. However, the invention s aot hated
to use in such apphcations, amd other wmedical and surgicsl
provedurcs would be apparent 10 @ practiioner of ordinary
skl

Thus, while certain oxcrmplacy structures and operations
have been described, the invention is not so miled, and s
scupe is o be detenmined according to the claims set forth
bolow.

What is clabreed fs

1. A hollow cannula for Inscrtion into & paticat s budy aad
adapted o receive an clectrical signal from a signal penera-
toF ke be ransmitted 08 target region in the patient’s body,
comprising:

an clectrically insudated clongated shafl defining a fougi-

tugdingl passage:

o

distal tip portion conpled to the clongated shaft, the
distal tip portion defining av apertare [o communica-
Hoa with the longindinal pussage, the aperture adapted
ter atlow intredduction of fluid into the patient®s body;
andt

an slectrical connectinn for recetving the electrical signal,

the clectrical conoection coupled to the distal tip por-

tiom;

8

wherein the distal tip porion includes sn uninsulated,
rigidly beat podion to facibtate placenent of e distal
iy portion g the target region, and wherein 4t least a
portiog of the distal tip portion compeses ag sheoli-
cally conductive surface that defines a treatment area.
2. The canouly of claire 1, ferber compisiog a3 bub
mounted at a provimal end of the shall remote froe the
distal tip portion, wherein the hub includes a marker 10
indivale the orlentation of the bent portioa when the cannula
% insceed into the paticar’s body,
3. The canmula of claim 1, wherein the distal 1ip portion
defines s sharp end fo facilitale insertion nto the patient’s
body,

.
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4. The cannula of claim 1, wherein the distal tp portion
defines a blaat end.

8. The canaula of clain 4, wherein the blunt end is closed
tor dtuid flow,

6. The camda of clam 8, whereln the longiindinal
passiic is sdapied to pass a fluid Bow, and wheeein the distal
tigr portion delines o radial window adupted w allow fuid
passage for delivery o the patient’s body.

7. The cannula of claim |, wherein the electrical contec-
fion comprises a probe adapled 1o be recerved by the shaft.

8. The caonula of clzsim F, wherein the clongated shaft
comprises & metal fube.

9. The camnuly of claim ¥ where the rigidly bent portion
is curvilinear

18, The cavnula of claim 1 where ihe vgldly bent portion
is defined by a radial arc.

11, A hollow cannula for insertion imlo a patient’s body
and adapted to receive an electrical signal from 2 signal
generator o be ramsmibied ko o target region in the patient’s
body, comprisizg:

an electrically nsulated elongated shafl delining a loa-
fudinal passagc;

1 distal tip porion coupled to the clongated shadl, the
distal tip portion defining sn aperivre in communDic-
ton with the longitudinal passage, the aperture adapied
0 allow mftroduction of Juid o the patical’s body;
and

weans for recelving the clectuical sigual, the means
coupled to the distal tip portion;

wherein the distal tp portion includes an wninsulated,
rigtdly bemt portion te facilitate placemesnt of the distal
tip portion at the target region, and wheretn af least a
portiom of e distal tip postion comprises san electni-
vally conduetive suoface that defines a trealment ares.

12. An instenment {or ransmiiting an clecirical signal 1o
& largel repion 0 a patient’s body, comprising:

an clectrically sulated clongated shafl;

a distal tip portion coupled to the elongated shafl, the
distal tip poriion defining an apeviwrs, the apeniure
adapted 1w allow introduction of Huid isto the pationt’s
body, wherein the distal tip poriion includes aa
vainsvlated, rigidly bent portion 1o facilisate placement
of the distal tip portios at the targe: region, and wherein
at leas: a porton of the distal tip portion comprises at
electrically conductive surfuce that defines 2 weatment
area; and

in electrical conpention for receiving the elecirical signal,
the eloctrical comnecton coupled fo the distad Hp por-
31x:¢
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I, Marc Andrew Russo, declare as follows:

I. INTRODUCTION

1. { have been retained by Laurence & Plullips IP Law {L&P}, which
represents Stratus Medical, LLC (Stratus), to provide my mdependent expert
analysis and opimions i connection with the following infer parfes reviews (IPRs)
at the United States Patent Trial and Appeal Board of the United States Patent and
Trademark Office (USPTO):

IPR2024-01209 10,966,782 {the 782 Patent}

IPR2024-01210 10,736,688 (the '688 Patent)

IPR2024-01211 10,736,688

IPR2024-01212 10,925,664 (the '664 Patent)

2. I will refer to the "782 Patent, the 688 Patent, and the 664 Patent

collectively as the “Stratus Patents.”

3. I am being compensated at a rate of AUD $3,000 per hour for my work
on these cases, including providing this declaration. 1 have no financial nterest in
Stratus or the Stratus Patents, and my compensation is not dependent on the outcome
of these cases or any related proceeding. My compensation does not in any way

affect the substance of my testimony in this declaration.

4. I previously served as an expert witness for Stratus m Federal Court of

Australia Proceeding No. NSD 438 of 2019, m which Stratus asserted two of 1iis
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Australian patenis—counterparts o the Stratus Patents—agamst Diros Technology,
Inc. (Diros). I understand that the parties settled that Australian lawsuit in October
2021 and that the Petitioner, Avanos Medical, Inc. {Avanos), later acquired Diros. I

understand that Avanos has identified Diros as its wholly owned subsidiary.

5. 1 wrote a preface to a practice guide titled “Robert E. Wrnight,
Radiofrequency 4blation in Interventional Pain Management Using RF Multitined
Expandable Electrode (1st ed. n.d.),” which preface is provided herewith as Exhibit
No. 2003, T understand that Stratus provided financial support for the publication of
this practice guide, but 1 received no compensation from Stratus or any other party

for my contribution.

6. I have, and T have had, no relationship with Stratus other than those
listed above. With respect to Stratus’s Nimbus Device, 1 have pioneered a new
technique usmng this device, which 1s well-sutted for treating facet jomnt pomt. 1
performed this research without support from or compensation by Stratus.
Additionally, I describe this techmique in my article “Russo et al., Development and
Description of a New Multifidus-Sparing Radiofrequency Neurotomy Technique for
Facet Joint Pain, Pain Practice, 21{7). 747-758 (Apr. 13, 2021),” a copy of which 15
included herewith as Exhibit No. 2005, 1 likewise authored this amicle without

support or compensation from Siratus.

7. I coauthored the article “Marc Russo et al, 4 History of the
Development of Ruadiofrequency Neurotomy, I. of Pain Research 2021:14, 1389-
3907 (Dec. 24, 2021)” with Dr Robert Wright, who 1s one of the mventors of the
Stratus Patents. A copy of this article 1s included herewith as Exhibit No. 2004, 1

received 1o support or compensation from Stratus for my contribution to ths article.
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II. QUALIFICATIONS AND EXPERTISE

8. { am a Specialist Pain Medicine Physician and have treated over 50,000
patients since establishing Hunter Pain Chnic (now Hunter Pain Specialists),
Australia’s first multidisciphinary private pam clinic, m 1999, T am the Director of
Hunter Pain Specialists, Director of Hamilton Day Surgery, and the Co-Director of
Innervate Pain Management Services. | am the Director and Principal Investigator
of Genesis Research Services. I was a Co-Founder of the Newcastle Anaesthetic
Peri-operative Service group. | am the Immediate Past-President of the International
Neuromodulation Society (INS) and 1 am the founding president of the
Neuromodulation Society of Australhia and New Zealand (NSANZ). A copy of my
curriculion vitae outlining my professional experience and memberships 1s included

as Exhabit No. 2002.

9, In 1989, I was awarded a Bachelor of Medicine and Bachelor of

Surgery (MBBS) from the University of Svdney, Australia.

10. From 1990 to 1992, 1 was a Resident at Gosford Hospital and

Muswellbrook Practice in New South Wales, Australia.

11. In 1993, I was awarded a Diploma of Anaesthesia from Rovyal College

of Anaesthetists, London, United Kingdom.

12. From 1993 to 1999, I was an Anaesthetic Registrar at John Hunter
Hospital 1n Newcastle in New South Wales. In 1999, T became a Fellow of the

Australian and New Zealand College of Anaesthetists (FANZCA).

13. When I began practising as an anaesthetist, I developed an nterest in
acute and chronic pain, and I decided to pursue a career in both anaesthesia and pain

medicine. In 1999, 1 was appomted a Fellow at the West Austrahan Pamn
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Management Centre, Sir Charles Gardiner Hospital in Perth, Western Australia,
where I specialised 1n pain medicine. In 1999, 1 was also appomted a Fellow of the

Roval Flving Obstetrics & Gynaecological Service in Roma, Queensland, Australia.

14. Since 1999, 1 have been appointed a Fellow of the Faculty of Pamn
Medicine, Australian and New Zealand College of Anaesthetists (FFPMANZCA).

15,  In 1999 1 founded and became a Director of Hunter Pam Clinic (now
Hunter Pain Specialists). Around 2 % vyears later, T stopped practising as an

anaesthesiologist and became a fulltime pain medicine specialist.

16. In 2001, T founded and became a Dwrector of Hamilton Day Surgery,

and Co-Director of Innervate Pain Management Services.

17. In 2005, 1 founded and became a Director of the Australian Pam
Research Centre, Hunter Chinical Research, which now operates as Genesis

Research Services, o further the study of pain management.

18. In 2016, 1 founded and became a Director of Sydney Pain Specialists,

and served 1n the Director role until 2019.

19. In 2015, I became a Conjoint Lecturer at the University of Newcastle,
Australia, in the School of Medicine and Public Health, College of Health, Medicine

and Wellbeing.

20. Since 2021, I have been a Conjoint Associate Professor at the
Umniversity of Newcastle, Austraha, m the School of Medicine and Public Health,

College of Health, Medicine and Wellbeimng.

21. Since 2020, T have been an Honorary Associate Professor at the

Umniversity of Hong Kong, Department of Anaesthesiology.
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22. 1 was the foundmng president of the Neuwromodulation Society of

Australia and New Zealand (NSANZ).

23. 1 was elected by my peers to serve as President of the International
Neuromodulation Society (INS) from 2021-2024. INS is one of the most prominent
global orgamizations for interventional pamn medicine and is imternationally

respected. As noted on its website, INS

1s a non-profit group of clinicians, scientists and engineers dedicated to
the scientific development and awareness of neuromodulation—the
alteration of nerve activity through targeted delivery of a stimulus, such
as electrical stimulation or chemical agents, to specific neurological
sites in the body. The San Francisco-based INS was formed in 1989 and
educates and promotes the field through meetfings, its peer-reviewed
yournal  Newromodulation: Technology at the Newral Interface,
mentorship, and chapter websites. The INS also provides information
for patients and produces rolling news briefs about this rapidly evolving

field.”

International Neuromodulation Society, https://wwwneuromodulation.com

(last visited May 14, 2023).

24, 1 currently serve on the Exammation Commuttee, Professional
Standards Commuittee. Research and Innovation Commuittee, and Procedures
Working Group for the Faculty of Pain Medicine, Austrahian and New Zealand

College of Anaesthetists {ANZCA).

25. My current external appomtments {and the approximate date of each

appointment) are listed below:

+ Deputy Chair, Pam Australia [July 2024}

Page 8 of 73 P
IPR2024-0120g,

Avanos v. Stratus,
Siratus Ex. 72001

R2024-01212
nos v. Stratus
atus Ex. 2052
ge 127 of 198



ATTACHMENT C TO RULE 132 DECL. OF DR, PHILIP FINCH DATED APR. 28, 2626

26.

Interim Director. Australian Medicinal Cannabis Association Board
[September 2022].

Deputy Chawr, HMRI Bram Neuromodulation Research Program
[2022].

Member, Procedures Chmical Care Standard Working Group,
Faculty of Pain Medicine, ANZCA [November 2018].

Member, Procedures Working Group, Faculty of Pain Medicine,
ANZCA [March 2018}

NSW Regional Representative, Professional Standards Commattee,
Faculty of Pain Medicine, ANZCA {June 2017}

Member, Research and Innovation Commuttee, Faculty of Pam
Medicine, ANZCA {January 2017}

I have published over approximately 100 papers and book chapters m

the field of pam medicme. 1 am a reviewer for the National Health and Medical

Research Council (NHMRC), as well as a number of internattonal journals,

mncluding:

The Lancet, which 1s one of the world’s most prestigious medical
journals;
Newvomodulation: Technology at the Neural Interface, the ofticial

journal of the International Neuromodulation Society;
Pain Practice, the official journal of the World Institute of Pain;

Pain Medicine, the official journal of the American Academy of
Pam Medicine:

Pain and Therapy, an mternational, open-access, peer-reviewed,
rapid publication journal publishing high-quality research on the use
of pain therapies and devices;
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o (Case Reports in Medicine, an open access, peer-reviewed journal;
and

s The Journal of Spinal Cord Medicine, which 1s published on behalf
of the Academy of Spinal Cord Injury Professionals.

27. Throughout my career, I have regularly consulted a number of journal
pubhications m the pam field. The journals which I have regularly reviewed to keep
up to date with the state of knowledge 1 the RF neuwrotomy field include those 1

mentioned above and Pain.

28. Over the course of my career [ have presented at more than
approximately 100 conferences in Austrahia and internationally on various topics,
mcluding interventional pain medicine and inferventional pain management
treatments.  regularly atiend and have attended conferences or meetings relevant to
my practice as a pain specialist, mchiding those organised by the IASP {International
Association for the Study of Pain), American Academy of Pain Medicine, American
Pain Society, International Society for the Study of the Lumbar Spine, and the

International Spmal Injection Society.

29. 1 am currently a member of the following advisory boards:

¢ Medical Advisory Commuttee Member, Lingard Private Hospital
{February 20141

+« (onsultant, Seqirus {(a CSL company) {October 2013}

+ Medical Advisory Committee Member, Hamilton Day Surgery
Centre [2011].

30. 1 have previously been a consultant or member of advisory boards

{medical, scientific, or both) for Medtronic, Boston Scientific, Abbott (St Jude),
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Nevro Corp., Maimnstay Medical, Cymbalta Pain, Saluda Medical, Mudjala Medical,
Nalu Medical, Spme Thera, and Mundipharma.

31. 1 am a named mventor on U.S. Patent Application No. 15/090,580
relating to systems and methods for spinal cord stimulation and International
Application No. PCT/AUZ2021/050028 relating o sysiems and methods for

stimulating neurons.

32. 1 mamtamn numerous professional memberships, mcluding Pamn
Austrahia, International Neuromodulation Society, Neuromodulation Society of
Australia and New Zealand. Austrahan Pain Society, International Association for
the Studyv of Pain, Australasian Neuroscience Soctety, Spine Society of Australia,

and Australian Medical Association.

33. 1 have practised pam medicine continuously since about 1999 In my

current practice, I typically perform 10 to 15 RF neurotomy procedures per day.

34. When I state my opinion m this declaration on what I consider the
knowledge, understanding or practice of interventional pamn specialists generally to
be, this 15 based upon myv own knowledge and experience, mchudimg my mteractions
with, and observations of the work of, professional colleagues since about 1999 n
working as a pamn medicine specialist, and my knowledge and experience of pamn

syndromes and disorders.

III. BACKGROUND OF THESE CASES

A. Siratus Patents

35. 1 understand that the patent apphication that led to the 782 Patent was

filed at the USPTO on July 20, 2020 and claims benefit or priority to several earlier-
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filed patent applications. The first provistonal application to which priority 1s
clatmed was filed on May 21, 2010, and the first utility patent application to which

priority is claimed, by way of a series of continuations, was filed on May 4, 2011.

36. 1 understand that the patent application that led to the "688 Patent was
filed at the USPTO on April 14, 2016 and clamms benefit or priority to several earlier-
filed patent applications. The first provisional application to which priority 1s
claimed was filed on November 5, 2009, and the first utility patent to which prionity

1s claimed, by way of continuation, was filed on November 5, 2010

37. 1 understand that the patent application that led to the 664 Patent was
filed at the USPTO on July 20, 2020 and claims benefit or priority to several earlier-
filed patent applications. The first provisional application to which priority 1s
clamimed was filed on November 5, 2009, and the first utility patent to which priority

1s claimed, by way of a series of continuations, was filed on November 5, 2010.

38. 1 understand that the 688 and 664 Patents have essentially the same
disclosure, mcluding drawings and text, except for the claims. I understand that the
782 Patent mcludes much of the same text and many of the same drawings as the

"688 and "664 Patent and further includes additional text and drawmgs.

39. I understand that Stratus makes and sells an RF neurotomy device
called the “Nimbus® Multutined Expandable Electrode™ (Nmmbus Device), which 1s

covered by the Stratus Patents.

B. IPR Petitions

40. 1 understand that Avanos filed four IPR petitions to mstigate the IPRs
Iisted above on July 26, 2024. T will refer to these IPR petitions collectively as the
“IPR Petitions.”
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41. 1 understand that the IPR Petitions rely on the following references,

which the IPR Petitions allege to be prior art to the Stratus Patents:

Racz: US 6,146,380

Fitz: US 2005/0059964A1

Lee: US 2007/0016183 Al

Young "965: US 2006/0084965 Al
Schetbe: US 2007/0260223 Al

$ & & & =

42, 1 understand that each IPR petition was filed with a declaration from
Dr Robert Tucker. I understand that those declarations are Exhibits 1031, 1032,
1033, and 1034 in IPR2024-01209, IPR2024-01210, IPR2024-01211, and IPR2024-
01212, respectively. 1 will refer to those declarations collectively as the “Tucker

Declarations.”

C. Related Cases

43. Iunderstand that Strafus has related patents in Australia for the same or
similar mventions claimed 1n the Stratus Patents. I understand that, in the lawsuit
identified i paragraph 4. supra, Diros attempted to mvahdate the related Stratus
Australian patents as part of an effort to enter the Australian market with two related
RF neurotomy devices called “Trident™” and “Trident™ Hybrid” (the Trident
Devices} that are sinmlar to Stratus’s Nimbus Device. I understand that case settled
under confidential terms, which 1 do not know. T understand that Stratus’s Australian
patents remain m effect and that Stratus’™s Nimbus Device continues to be sold and
used m Australia. In contrast, the Trident Devices., which were available in the
Australian market prior to the Australian proceeding. to my knowledge have not

been available m the Australian market since the Australian proceeding settled.
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44. 1 understand that approximately 20 months alter settlement of the
Australian proceeding that involved Diros, Avanos acquired Diros. 1 further
understand that either Avanos or Diros continues to make the Trident Devices, and

that Avanos presently sells the Trident Devices in the United States.

IV, SUMMARY OF OPINIONS

45.  As explained in more detail in section VIH below, it is my opinion that
a person of ordinary skill in the art would have the knowledge and skills of an

mterventional pain speciahst, such as myself.

46. It 1s also my opmion, as explamed in more detail m section VIII-A

below, that Racz teaches that its tip must be curved.

47. I 1s also my opinion, as explained in more detail in section VIII-A
below, that a person of ordinary skill in the art would not interpret Racz as teaching

that neurotomy needles can be sized larger than 16 gange or smaller than 22 gauge.

48. It 1s also my opinton, as explained 1 more detail in section VHI-C

below. that Lee has himited or no relevance to Racz and Fiiz.

49, It 1s also my opinion, as explamed in more detail in section VIHI-D

below, that Young 965 has limited or no relevance to Racz and Fitz.

50. It is also my opinion, as explained in more detail in section VIHI-E

below, that Scheibe has imited or no relevance to Racz and Fitz.

51. It 1s also my opinion, as explained in more detail i section X below,
that a POSITA would not have found it obvious to combine the teachings of Racz,

Fitz. and Lee to arrive at “Racz’s modified device.”
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V. APPLICABLE LEGAL PRINCIPLES

52. 1 am not a patent attorney, but I understand aspects of U.S. patent law
that are relevant to my analvsis and opinions. I summarize my understanding of some

relevant patent law principles below.

53. 1 understand that in an IPR, the burden of proof 1s on the petifioner to
show that each challenged claim 1s unpatentable and that the petitioner must do so

by the preponderance of the evidence.

54. Ewven though none of the challenges in these IPRs are anticipation
challenges, 1 recount my understandimg of key aspects of anticipation for

completeness.

55. 1 understand that, for a patented invention to be anticipated, a single
prior-art reference alone must disclose everv lmmtation m a claim, thus

“anticipating” the clamm.

56. I understand that, for anticipation to exist, there must be no difference
between the claimed mvention and the reference disclosure, as viewed by a person

of ordinary skill in the art (POSITA).

57. 1understand that anticipation requires that each element of the claim at

1ssue be found, either expressly or under principles of inherency, m the reference.

58. 1 understand that mherent disclosure requires that the feature
necessarily be present i the reference. The mere possibility that the feature 1s

present 1s not enough to support inherent disclosure.
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59. 1 understand that anticipation requires more than sumply locating each
element entirely within a single document, but that document must also disclose

those elements arranged together as in the claim.

60. 1 also understand that mvalidity by anticipation requuires that the prior-
art reference’s teaching of the claimed mvention must teach a POSITA how to make

and use the invention without undue experimentation.

61. 1 understand that, for a patented invention to be obvious, there musi be
prior-art references that alone or in combination would have rendered the claimed

mvention obvious to a POSITA at the time of the mvention.

62. 1 understand that for a claim fo be found obvious, every hmutation of
the claim must result from either a combination of the teachings of multiple prior-

art references or a modification of a single prior-art reference.

63. 1understand that the factors that should be assessed in the obviousness
analysis mclude at least: (1} the scope and content of the prior art; (2) the differences
between the prior art and the claim at 1ssue; (3) the level of ordmary skill in the art;

and {4) objective evidence as indicia of nonobviousness.

64. 1 understand that obviousness must take into account the ordmary

knowledge, skills, and creativity of a POSITA.

65. 1 understand that a reason must be shown that would have prompted a
POSITA to have combined or modified known elements in the fashion claimed by
the patent at issue. Assertions that a combination or modification would have been
obvious cannot be sustained by mere conclusory statements; mstead, there must be
some articulated reasoning with some rational underpinning to support the legal

conclusion of obviousness.
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66. 1 understand that there must be a reasonable expectation of success in
making or practicing the clammed mvention based on the combmation or

modification of the prior-art reference(s) used to render a claimed invention obvious.

67. 1 also understand that the combination cannot modity a prior-art
reference such that it would render the reference unsatsfactory for its intended
purpose, change the principle of operation of a reference, or require a substantial

redesign or reconstruction of the reference.

68. 1 understand that obviousness does not require that the teachmgs of the
references be bodily incorporated together; rather, the focus 1s on the concepts taught

by the references.

69. 1 understand that prior-art references must be considered as a whole,
mcluding aspects that teach away from a claimed nvention or that may rebut a

showing of obvicusness.

70. 1 further understand that the obvicusness mquiry must guard agamst
shipping mto use of hindsight and resist the temptation to read mto the prior art the
teachings of the mvention in the patent at 1ssue. Isolated elements from the prior art
should not be picked and chosen and then combined using the mvention as a
blueprint if such a combination would not have been obvious at the time of the
mvention. In other words, 1t 15 impermissible to use the patent as a template (or
reason) for combining prior-art references because that would be applymmg hindsight.
A POSITA would have needed a reason to combme the references to create the

claimed mvention mdependent of the patent.
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71. 1 also understand that obviousness requires that the prior-art references
collectively must teach a POSITA how to practice the mvention without undue

experimentation.

72. 1 understand that in view of the dates in section HLA, supra, the
relevant dates for determinimg what a POSITA would have found obvious are one or
more of November 3, 2009; May 21, 2010; November 5, 2010; and May 4, 2011,
which T will consider collectivelv as November 5, 2009 through May 4, 2011 (the

Relevant Dates).

73. 1 have not considered objective evidence of nonobviousness m this
reexammation, but I know that there 15 such evidence, which further supports my

opinton that the claims of the Stratus Patents are not obvious.

Y1 RADIOFREQUENCY ABLATION

74. In this section, I refer to diagrams to illustrate my opmions. I confirm
that these diagrams reflect my own knowledge and understanding of the matters |

discuss.

75.  “Ablation” refers to the removal or destruction of tissue. “Thermal
ablation™ refers to the destruction of fissue through the application of heat — that 1s,
it 1s a physical event. “RF ablation™ is a category of thermal ablation and refers to
the destruction of tissue using heat generated from RF energy. RF ablation, as a
chinical technique, 1s used in many different clinical applications, across separate

medical fields.

76. There was no {(and still today there are no) generalist “RF ablation”

medical praciitioners. Rather, the use of RF ablation as a treatment or therapy for a
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particular chinical application 1s practised by doctors specialised i the particular
medical field in which the freatment/therapy is performed. For example, RF
ablations for freatment of tumors are generally performed by a doctor speciahised in
the treatment of the organ affected by the tumour. Thus, RF ablations of uterine
fibroids {(which are technically a type of tumour) mvolve the uterus, and thus are
performed by gynecologists. Similarly, RF ablations of bone tumours are performed
by orthopaedic surgeons, of hver tumours are performed either by upper
gastrointestinal or hepatic surgeons, and of thyroid tumouwrs are performed by
endocrine surgeons. Separately, RF ablations of the heart to treat arrythnuas are
performed by cardiologists. As a result, there has historically been little to no cross-
talkk between or cross-pollination of the varnous fields in which RF ablations are

performed.

77. In like manner, there was no (and still today there are no) medical RF
devices that are usable i all forms of RF ablation procedures. Nor are there RF
generators (the “electrical boxes™ that supply R¥ energy to medical RF devices) that
are capable of use with all forms of RF ablation procedures. Rather, the various RF
devices and the RF generators that supply energy thereto are and have always been
highly specialized and narrowly tailored for the procedures in which they are used.
This 1s 1 large part due to the peculiarities of human tissue. For example, ablating
heart tissue 1s a very different from ablating a cancerous tumour for at least the
reasons that the respective tissues mvolved have different impedances and other
electrical properties and require different pathways through the human anatomy for

proper device placement.

78. Before the Relevant Dates, as an miterventional pain specialist
praciising i the pain medicine field, the particular application of RF ablation

relevant to me, and which 1 practised, was RF ablattion of nerves, or

2
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“RF neurotomy.” RF neuwrotomy 1s used to treat pamn arising from joints, particularly
joints 1n the spine. To use a taxonomy analogy, thermal ablation 1s a family of

clinical techniques, RF ablation 15 a genus, and RF neurctomy is a species.

79. RF neurctomy was {and still todav 18} a highly speciahised field of
practice. As at the Relevant Dates, RF neurotomy was performed almost exclusively
by pain specialists and, even then, only a minority of pain specialists performed this
procedure, being mterventional pain speciahists such as mvself. As at the Relevant
Dates, I spent approximately one third of myv time m the operating room, with
approximately 40% of my operating workload consisting of neurotomy procedures.
And 1 spent the other two thirds of my time consulting, including consulting 1n

relation to RF neurotomy procedures.

80. As at the Relevant Dates, I was aware that RF ablation techniques were
also used by specialists i medical fields other than the pain medicine field, for
chmical applications other than the destruction of nerves. For example, I was aware
that RF ablation was used to destrov tumours in the cancer field and to treat cardiac
arrhythmias in the cardiclogy field. However, as an interventional pain specialist, 1
do not, and did not before the Relevant Dates, perform RF ablation procedures to
ablate tumours or to treat cardiac arrhythnuas. Such procedures were performed by
mterventional radiologists, surgeons of the relevant specialites, or cancer surgeons,
m the case of cancerous tumours, and by cardiologists, m the case of cardiac

arrythmias.

81. Based upon my tramming, experience, and activities described herein, 1
have a very good knowledge and understanding of the state of knowledge of those
working in the RF neurotomy field m Australia as at the Relevant Dates, and today,

and I am aware that the level of knowledge n Australia in the RF neurotomy field
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was similar to that in comparable markets, such as the United States and elsewhere

m North America, before and during the Relevant Dates and since that time.

82. Before and during the Relevant Dates 1 regularly kept up to date with
developments in the RF neurctomy field (as I do today). Since 2002 1 have had an
automatic search set up on PubMed to search for publications which mention
“radiofrequency and pamn” and “pulsed RF and pain.” I received a regular update
from PubMed of any publications which met the search criteria. If I had wanted to
better understand how a particular product or device that I used functioned, and 1
could not find that mformation m other hiterature, from fime to time I would read

relevant patent literature, but I did not conduct regular searches for patents.

83. Although I have, and had before the Relevant Dates, a general
awareness of the use of RF ablation techniques i the cancer and cardiology fields,
as an mterventional pain specialist, I did not have detailed knowledge of the
techniques or technologies used in those other fields, and 1 did not keep up to date
with developments in the use of RF ablation techniques in those other medical fields.
In my view, the hiterature and technologies used i those other chnical fields are not,
and were not before the Relevant Dates, relevant to the practice of RF neurotomy,
as the applicable anatomical and clinical considerations are not the same. The goal
of any R¥ neurotomy procedure was (and 1s) to deliver energy to ablate a miniscule
and precise area encompassing a target nerve mn spinal jomts (in the vast majority of
neurotomy procedures), which are difficult to access and varv anatomically between
patients. As I explain in more detail below, RF neurotomy was (and 18) not a curative
procedure. In contrast, before the Relevant Dates, I was aware that the goal of RF
fumour ablation was to ablate, with the intention of permanently destroving and
killing, tumour masses (for example, cancerous spherical tumour masses m the

liver). I was also aware that the goal of RF cardiac ablation was to destroy a very
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small area of tissue m the atrial wall of the heart to permanently remove the cause
of rapid and trregular heartbeats. Cardiac ablation was performed by threading a
fong, thin and flexible catheter endolumenally (that is, through the lumen of a blood

vessel, not through tissue) to reach the heart.

Al Overview of RF Neurotomy

84. RF neurotomy 1s a nmunimally mvasive procedure used to freat pam
arising from joints, particularly m the spine, such as facet jomt pamn and sacroiliac
joint pam. RF neurotomy procedures emplov RF energy to selectively produce a
lesion of pain-generating nerves {lfarget nerves). Increased fissue temperature,
beyvond 45°C, leads to irreversible tissue mjyury and to cell necrosis, and is the
therapeutic basis for RF neurotomy. The heat 1s targeted fo create a small lesion
within a nerve, which disrupts the pain signal. Radiofrequency 1s a term used fo
classify energy at a frequency m the range of 3 kHz to 300 GHz. In chinical
apphications, the energy 1s applied, within that range, tvpically at a frequency

between 400 and 500 kHz.

85. RF neurotomy 1s performed by interventional pam specialists. Before
the Relevant Dates, I regularly performed RF neurotomy to denervate facet jomts
and sacrothac joints. Interventional pain specialists perform other procedures to
manage and treat pain, such as nerve blocks and implantation of neuromodulation
devices. A nerve block 1s an anaesthetic and/or anti-inflamymatory injection that
targets a certam werve or group of nmerves o diagnose and treat pam.
Neuromodulation refers to the alteration of nerve activity through targeted delivery
of a stimulus, such as electrical stumulation or chemucal agents, to specific

neurological sites in the body.
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86. The facet joints (or zvgapophyseal jomnts or Z-joints) are synovial joints
between the vertebrae of the spine. A svnovial joint is a joint characterised by the
presence of a fluid-filled joint cavity contained within a fibrous capsule. The facet
joints help the spme to bend, twist and extend i different directions, buf also to limit
movement of the spine. The facet joints 1 the spmal column are located posteriorly
o the vertebral body. At each spinal level, there 1s a pair of facet joints, spanning
from the cervical to the lambar spine. There are ten facet jomts (five pairs) mn the

lumbar spine (the vertebrae of the lumbar spine are shown in Figure 1. below).!

1 Extracted from Cooper G. {2015) Clinical Anatomy of the Lumbosacral Spine.
In: Non-Operative Treatment of the Lumbar Spine. Springer, Cham.
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Figure 1

Sk Postary

L4

Intereariobral -
dise

Saunum Saoram

87. As shown in Figure 2, below,” each facet joint is surrounded by a

capsule of connective tissue and produces synovial fluid to lubricate the joint. The

surfaces of the joint are coated with cartilage that helps each joint to move smoothly.

Nerves that branch off from the spinal cord pass through the facet jomnts. The nerves

2 Extracted from Manchikanti L., Schultz D M., Falco FJE., Smgh V. (2018)

Lumbar Facet Joint Interventions. In: Manchikanti L., Kaye A., Falco F.

Ei

Hirsch 1. {eds) Essentials of Interventional Techniques in Managing Chronic

Pain. Springer, Cham.
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that serve the facet jomis themselves are called the medial branches. Each facet joint
1s mnervated by two medial branch nerves, with one branch specific to ifs own
vertebral level and the other branch from the level above {see Figure 3, below).”
Lumbar facet joints receive their nerve supply from the medial branches of the dorsal

ramu of the spinal nerves.

3 Extracted from Kusper T.M., Cantu B., Knezevic N.N., Candido K.D. (2019)
Low Back Pain. In: Abd-Elsaved A. {eds) Pam. Springer, Cham.
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Figure 2
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Figure 3
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88. The sacroiliac joint 1s a synovial joint between the thum and the sacrum
bones of the pelvis. As can be seen in Figure 4, below * there are two sacroihiac joints
which sit on each side of the spine. They are connected by strong ligaments. Thewr
main job 13 to act as shock absorbers, transmitting and absorbing the forces of the
upper body to the pelvis and legs.

Figure 4

Anterior longltudinal  Sacrolliac
tigament jaint

Hishumbar ligament

— SAGFUT

i

Anterior sacrpifiac
Hgament

Creater soiatic

Sacrotuberous naich

Hgamernt
Sacrospinous
figarnent

-~ {gsser scialic
noich

Cocoyy fschial spins

Ohturator
menhrang

Publc tubercls

B. History of RF Neurotomy

89.  As previously noted, I am a coauthor of the article “Marc Russo et al.,
A History of the Development of Radiofrequency Newrotomy, J. of Pamn Research
2021:14, 1389-3907 (2021).” That article and the following discussion of the history
of radiofrequency neurotomy are drawn from my decades of studying and practicing

m this field.

4 Extracted from Ehrhardt K.P., Jones M R, Kaye A D. (2019) Sacrethac Joint. In:
Abd-Elsayed A. (eds) Pain. Springer. Cham.
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90. Historically, low back pam was considered to be an mflammatory

condition. Treatments varied but were essentially unsuccessful.

91. Durmg World War I, Vincent Nestield, an English surgeon, developed
the procedure percutaneous neurotomy (sometimes called “Nesfield’s treatment™).
In 1914, Nesfield began attempting to treat cases of “trench back,” a condition
caused by the collapse of earth or sandbags ontfo a person in a trench, or developed
i the process of digging a trench. While 1t was generally thought that this condition
related to confusion of the muscles and fascia, Nesfield thought the cause was a
sensory nerve caught up in muscle or tendon. Nestield used a fine, long, curved
ophthalmic scalpel to make an incision on either side of the spine, and moved 1t back
and forth vertically attempting fo cut the relevant nerve. He never published his

technique.

92. In 1960, Dr Wilham Skvrme Rees, a Welsh urological surgeon, saw a
patient who had been treated by Nesfield. Rees subsequentlvy began practising

“Nesfields freatment” in the UKL

93. In 1965, Rees emugrated to Australia and began a specialised practice
freating patients with chronic lower back pam. Rees further refined the concept of
“Nestield’s treatment” to be one of dividing the sensory nerve fo the facet joint (the

dorsal ramus nerve).

94. In 1971, Rees published a paper on his technique, “multiple bilateral
subcutaneous rhizolysis,” i which he described severing the nerves to the facet

joints percutaneously using a scalpel.

95.  Anatomust Dr Nikolai Bogduk later dissected cadavers, on which Rees

had performed his technique, and revealed that Rees’ technique was based on false
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anatomy. Bogduk demonstrated that that the facet joint nerve was never divided n
the procedure, only the fascia of muscle. Bogduk concluded that Rees was m fact
performing a fasciotomy procedure for muscles m spasm, thereby relieving the

spasm. Rees’ technique all but ceased to be used after 1980

96. The next major step forward in the treatment of facet joint pain was the
shift from the scalpel to the use of RF energy. The use of RF lesioning techniques
dates back to the 1950s, but the first chinical apphcation of an RF lesion in spinal
facet pamn was reported 1n 1974 by renowned American neurosurgeon Dr C Norman
Shealy, imnventor of both Transcutaneous Electrical Nerve Stimulation (TENS) and

spinal cord stimulation, and surgeon to John F Kennedy.

97. In 1970, Shealy travelled to Austrahia to learn percutancous rhizolysis
from Rees. Shealy published his experience of using Rees” technique on 24 patients,

reporting a 20% mcidence of unacceptable haematoma formation.

98. In 1971, Shealy devised the technique of percutaneous RF denervation
of the facet joints by medial branch nerve neurotomy, denived from the principles
used with gasserian ganglion thermal RF (a technique used to treat trigeminal
neuralgia, a chronic pain condition affecting the trigeminal nerve m the face). Shealy

first described his technique m a 1974 paper as follows:

Under fluoroscopic gmidance 14 gauge thin-walled cannulae are guided
adjacent to the centers of tender facet joints. A radiofrequency
thermuster electrode (19 cm long, 1-2 mm diameter) 1s passed through
one needle, the needle 1s withdrawn, and the electrode 1s shipped over
the edge of the facet and advanced to the mtertransverse higament. A
lateral x-ray film confirms the position of the electrode and its distance

from the mam nerve root . . . .
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Shealy, Facets in back and sciatic pain. A new approach o a major pain syndrome,

Minn Med. 57(3):199-203 {1974},

99.  Shealy worked with Eric Cosman Snr {a Professor of Physics} and his
father Bernard Cosman {(an electrical engineer), US medical device enfrepreneurs
and founders of Radionics (origmmally called Cosman and Company), to design the
SRK Shealy Rhizolysis Kit. The Cosmans had bwlt the first commercial RF lesion
generator i the 1950s. The onginal SRK Shealy Rhizolysis Kit comprised a set of
{4-gauge spinal needles {also referred to as canmulas) that could be inserted
percutaneously. Gauge refers to the imner measurement or opening of the needle, and
the higher the number, the smaller the needle. A 16-gauge RF electrode, msulated
except for an exposed 7 mm distal tip, could then be passed through the 14-gauge
spinal needle/canmala, and could be advanced so that the electrode tip contacts the
medial branch mmnervating the selected facet joint. Shealy’s technigue was performed
using the SRK Shealyv Rhizolysis Kit by neurosurgeons under general anaesthesia,

due to the pain involved in needle placement.

108. In 1974, Eric Cosman Snr and Dr C Ray designed a variant of the SRK
Shealy Rhizolysis Kit — the RRE Rayv Rhizotomy Electrode Kit — produced by
Radionics. The 16-gauge RRE Ray Rhizotomy Electrode Kit comprised a tissue
penetrating tip, an msulated shaft, and an integrated temperature sensor, and

elimmated the need for the spinal needles/cannulas.

101. In or around 1976, Dutch anaesthesiologist Menno Sluijter and Eric
Cosman Snr designed the SMK Kit electrode series, having finer gauge
needles/cannulas (22-gange, 20-gauge and 18-gauge variants) than the SRK Shealy
Rhizolysis Kit and RRE Ray Rhuzotomy Electrode Kit. These finer gauge electrode

kits were transformational, as they allowed the procedure to be performed on
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patients under sedation (as opposed to general anaesthesia) and in procedure rooms
by anaesthesia-based pain specialists {rather than operating room-based
neurosurgeons) and significantly mcreased the number of patients who could be
freated and the number of specialists who could be trained in the technique. The use
of the smaller gauge needles/electrodes meant small volume lesions were created,
and thus more lesions were required to achieve a successful neurotomy over the same

afca.

102. Shealy’s techmque has been meodified and refined over time, as
knowledge of the anatomical and physiological basis for the techmique improved. In
1979, Bogduk modified the technique described by Shealy fo improve accuracy,
having identified that, i Shealy’s techmique. the electrode was being placed
somewhat remotely from the target nerve. Despite those findings, and Bogduk
recommending a revised technique, many continued to use Shealy’s original

technique.

103. In the early 1980s, Sluijter developed refined techniques for cervical,
thoracic, lumbar, and sacral spinal pain syndromes using percutaneous RF

techniques.

104. In 1987, Bogduk demonstrated that the lesion made by the RF
neurotomy device did not extend distally from the tip of the electrode, but instead
spread sideways about the longitudinal axis of the electrode, with the result that an
electrode placed perpendicularly to the course of the nerve would not reliably
coagulate the nerve. Bogduk’s findings meant that, i order to be effective, the
needles/cannulas contaming the electrode should mstead be placed parallel to the

farget nerve(s).
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105. A further version of Shutjer’s electrode svstem, available before the
Relevant Dates, was the produced by Cosman Medical, Inc (the company founded
by Eric Cosman Snr following the sale of Radionics). In use, this RF neurotomy

device was placed parallel to the target nerve(s), consistent with Bogduk’s findings.

106. Other mamufacturers of RF generators and RF neurotomy devices
before the Relevant Dates included Smith & Nephew and Stryker Instruments. The
RF neurotomy devices produced by these other manufacturers were similar to, and
worked 1 a similar way to, the Radionics and Cosman Medical, Inc devices 1

described above.

107. Asnoted in my article 4 History of the Development of Radiofrequency
Neurotowy, referenced above, cooled radiofrequency ablation 1s another technology
that eventuallv found application in radiofrequency neurotomy. With cooled
radiofrequency ablation. the active tip design was relatrvely unchanged, but a
cooling system allowed for controlled enlarged lesions to be performed without
mducing tissue charring. Cooled radiofrequency ablation was first developed n the
late 1990s for use n the cardiac field for arrhythmia management, and then found
apphication m tumour ablation as a method to enlarge the tumour destruction volume.
The technology was first introduced into the pain management field via custom
designed equipment for treatment of sacrothac jomt paimn. It was eventually applied

to medial branch neurotomy m 2014,

C. RF Neunrotomy Procedures

i. Parallel Placement

108. As at the Relevant Dates, a RF neurotomy procedure was typically

carrted out as follows. With the patient prone on the operative table, the specialist
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would carefully insert a needle/cannula through the skin around the spine and, under
fluoroscopic guidance, place it parallel and adjacent to the target nerve. The
specialist would msert the RF elecirode mnto the needle/cannula. A small amount of
electrical stimulation was applied to elicit feedback on electrode placement. The
patient received a small amount of sedation but would remain awake enough to
respond to the electrical stumulation. The device was carefully held in place while
the swrrounding tissue temperature was mcreased gradually through the application
of RF energy {for example. increasing by 10°C every 5-10 seconds starting from
ambient temperature). The RF energy was transmitted to the surrounding tissue from
the RF electrode via the unmsulated tip of the needle/cannula. A final lesion was

made at 80-90°C for 60 to 90 seconds.

109. The RF energy worked through a closed circuit, with the RF electrode
acting as the circuit’s cathode, and grounding pads applied to the patient’s body
acting as the anode, and RF energy being conducted from the RF generator to the
RF electrode and through the tissue to the grounding pads. That 1s, the system
operated as a monopolar RF system (compared with a bipolar RF system, i which
current flows between two electrodes without a grounding pad). The application of
voltage between electrodes connected by tissue mn this closed circuit created an
electrical field which caused current to flow. Oscillating voltage moved ions 1n the
tissue electrolvtes back and forth, generating friction and heat (between 80-90°C) in
the tissue, which in turn heated the electrode tip. The heat from the tp dissipated in
the tissue, leading to coagulation necrosis, and was responsible for the resulting
leston. The heat was primanly generated in the tissue around the electrode’s active
tip and created conceniric fissue lestons of lower temperature as the distance from

the tip mcreased.
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116. As one facet joint 18 mnervated by two medial branch nerves, RF
neurctomy was (and 1s) performed at two levels on one side. The procedure could
be performed on both sides or more than one spmal level on the same side. As at the
Relevant Dates (and still today), the geal of any RF neurotomy procedure was fo
achieve complete destruction of the tissue of the target nerve and mimimal
destruction of the surrounding tissue. Meticulous placement of the needle/cannula
{contaming the electrode) near the target nerve was critical for the success of
R¥ neurotomy procedures. Therefore, comprehensive knowledge of the topography
of the target nerve tissues, as well as surgical precision, was required 1 order to
successfully navigate through tissue, muscle, and around bone, to reach the target
area and create a very precise and controlled lesion encompassing the target nerve,
while avoiding causing damage to surrounding structures. Consistent optimal
placement of the RF electrode, parallel and adjacent to the target nerve, was difficult,

even for very expertenced inferventional pain specialists.

111. The size of the desired ablation area depended on the size of the target
nerve. For each target nerve {(each medial branch). the RF neurotomy device was
mtroduced mto the patient {or “passed™) twice at different angles, and lesions made
in several locations along the course of the target nerve, to accommodate possible

about

variations in the exact location of the nerve. The medial branch nerve 1s tiny
10 times thicker than a human hair. And although the device was passed twice and
several lesions made, the position of the tip of the device at the target was changed

only ever so slightly (for example, by 2 mm}.

112. Lesion size was determined by numerous factors, including tip gauge,
fip length, temperature and time. The geometry of each lesion was a prolate spheroid
or egg shape. As I described above, before the Relevant Dates it was known that
there was mimmal lesion formation distally bevond the electrode tip, with a
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circumferential lesion produced around the electrode tip {(as shown i Figure 5,

below).® The total volume of the ablated area (after making the necessary number of

3

lesions) was approximately 0.5 cm”™
Figure §

ELECTRODE
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The inset shows the sctual dimensions of lesions genersted
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113. RF neurotomy procedures were {and still today are) not without risks.
Such risks included mfection, damage to surrounding blood vessels and nerves

during needle insertion {(which may result m excessive bleeding and/or wreversible

LA

Extracted from Nikolai Bogduk, MD, PhD, DSc, Pulsed Radiofrequency, Puin
Medicine, Volume 7, Issue 5, September 2006, Pages 39640 (original figure
numbering omitted).
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neurologic damage causing long-term numbness and tingling), and heat damage to

structures adjacent to the target nerve.

114. While the amm of RF neurotomy was to alleviate the patient’s pain, the
procedure was (and still today i1s) not a permanent cure, but rather a palliative
treatment. Most patients experienced some pam relief after RF neurotomy, but the
amount varied by cause of pain and location. The procedure could fail if the electrode
was not placed optimally near the target nerve or if anatomic varations were not
effectively mcorporated into the lesion. The procedure could provide pain relief for
many months, and possibly a couple of years. Pain would recur because coagulated
nerves can regenerate. In such cases, the procedure was usually repeated. The failure

rate was a shortcoming of RF neurotomy before the Relevant Dates.

115. Notwithstanding that shoricoming, after all of the developments I
described above, the collaboration {(of the kind 1 described elsewhere mn this
declaration) between medical specialists and engineers/industry stagnated, and the
RF neurotomy field experienced somewhat of an “ice age” in terms of product
development throughout the 1990s and 2000s. In mv view, the reasons for this lack
of new product development included that some of the companies that manufactured
RF neurotomy devices were relatrvely small companies, as well as a pervasive
“eroupthink™ among specialists praciising RF neurotomy, mcluding myself, that the
technology had peaked. The advances i the technology used in the RF neurotomy
field were largely in the RF generators, rather than the RF neurotomy devices. For
example, n 1998, Sluijter published on the use of pulsed RF neurotomy of the dorsal
root ganglion. Pulsed RF neurotomy applies an intermittent burst of electrical current

to the target nerve, at a temperature of about 42°C, but does not heat it
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116. As far as development of RF neurotomy devices was concerned, little
changed until the release of the Nimbus Device, which occurred after the Relevant
Dates. The Nimbus Device was invented by Denver pain specialist Dr Robert
Wright. T first met Dr Wright after the Relevant Dates at a conference. T recall that 1
first became aware of the Nimbus Device in 2013 at a conference. I first began using

the Nimbus Device in early 2014,

117. My view, and I believe the view of others working in the RF neurotomy
field, is that the Nimbus Device was a “game changer” i the RF neurotomy field.
The Nimbus Device enabled mterventional pain specialists, including myself, {o use
a different and, for many reasons, supertor anatomical pathway to reach the medial

branch through positioning near the facet jomt.

118. As discussed above, as at the Relevant Dates, traditional RF neurotomy
needles required “parallel” placement of thewr active tips alongside a medial branch
nerve due to the shape of the small ablation volume produced thereby to maximise
the likelihood of successtully lesionmg the medial branch nerve. That 15, by placing
an active tip alongside and substantially parallel to the medial branch nerve and the
surface of the bone over which that medial branch nerve passes, the ablation volume
created by the tip would have the greatest probability of encompassing the targeted
portion of the medial branch. Three such parallel placements of tradifional RF
neurotomy needle tips alongside three medial branches are depicted in Figure 6

below.
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Figure 6

2. Perpendicular Placement

119. Using a “perpendicular™ placement of the traditional RF neurotomy
needles would not effectively or reliably lesion the medial branch because these
needles produce only a small ablation region at and distal to their tips, as previously
discussed at paragraphs above and as shown below 1n Figure 8. With a perpendicular
placement, the RF neurotomy needle is situated generally perpendicular to the
medial branch nerve and the surface of the bone over which that medial branch nerve
passes, such that the distal tip of the RF neurotomy needle generally points at, or in
the vicinity of, the medial branch nerve, thus exposmg the medial branch nerve to
only a small portion of the ablation volume generated by the RF neurotomy needle.
For reference, perpendicular placements of Numbus Device devices are depicted n

Figure 9 below.

120. In contrast to traditional RF neurotomy needles, the Nimbus Device

employs two small tines, which can be deploved from the tip of the needle/cannula
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{see Figure 7, below). The deployment of the tines 1s controlled by a rotatable spin
collar. An RF probe (not shown m image below) 1s mserted mto the needle, and R¥
energy is conducted through the tip of the needle/cammula and the unes, in a
monopolar system. The Nimbus Device was the first neurotomy needle with
deplovable tines.
Figure 7
Sy ooliay Tip

Main hub Cendral cannuda Dual deplovable tnes

121. The presence of the Nimbus Device tines results m RF energy being
apphed across a larger area compared with traditional RF neurotomy needles, as
shown 1n the side-by-side comparison in Figure § below. Moreover, the ablation
volume created by the Nimbus Device 1s expanded bevond the needle tip, as

compared with the traditional RF neurotomy needle.

Figuye 8
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122. With its expanded lesion profile, the Nimbus Device permits effective
use of the perpendicular approach to the medial branch nerve, as illustrated in
Figure 9 below. In this image, perpendicular placements of three Nimbus Device
devices at three adjacent vertebral levels are depicted, which can be contrasted with
the parallel placements of traditional RF neurctomy needles shown in Figure 6

above.

Figure 9

123. The perpendicular approach thus enabled by the Nimbus Device has
numerous advantages over the parallel approach, including being safer, faster, and

easier to learn.

124. The perpendicular approach 1s safer due to the presence of inherent
anatomical safeguards. As can be appreciated from Figure 9 above, with this
approach, the practitioner advances the needle until the tp hits bone. The needle tip
1s then shightlv retracted from the bone surface and the tines are deploved. The bone

thus serves as a safetv backstop that assists in accurate placement of the device. In
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contrast, no such backstop exists with the parallel placement described above with
respect to Figure 6. If a practitioner inadvertently advances the needle tip too far
using this approach, the larger nerve root {(depicted in a relatively vertical orientation
i Figures 6 and 2} could be damaged by the needle tip itself or by subsequent

ablation, which can result m at least temporary paralysis or other nerve myury.

125. The perpendicular approach 1s also faster, when used with the Nimbus
Device, because it allows medial branch nerve ablation procedures to be completed
with fewer heat cycles and less damage to surrounding tissue, as compared with the
parallel approach. With the perpendicular Nimbus Device approach, only a single
lesion (and only a single pass of the device) 1s required to thoroughly coagulate the

target nerve.

126. The perpendicular approach is also more easily learnt by mterventional
pain specialists than 1s the parallel approach because the so-called “eve of the Scotty
dog” can be used as a target point. The “eve of the Scotty dog” 1s an artifact readily
visible in X-ray images of a healthv spine along the pathway used for perpendicular
needle placement. The artifact resembles the eye of a Scottish terrier, as identified
mn Figure 10 below with the number “2” 1n the tmage on the left and with a dotted
oval in the image on the right.® The “eye of the Scotty dog” corresponds with the
portions of the bone over which the medial branch nerve passes—these same regions
are generally “highlighted” 1n vellow by the depiction of ablation zones in Figure 9
above. As the “eve of the Scotty dog” pathway 1s the same pathway typically used

for medial branch blocks (injections of anaesthetic near the medial branches), use of

6 Extracted from Daniel MacManus, Scottie dog sign (spine), Figure 3, available at
https://radiopaedia.org/articles/scottie-dog-sign-spine (last revised Mar. 9, 2025}

Page 42 of 73 P

R2024-01212
nos v. Stratus

IPR2024-01288 s £x. 2052

T

Avanos v. Stratusige 161 of 198

Siratus Ex. 72001



ATTACHMENT C TO RULE 132 DECL. OF DR, PHILIP FINCH DATED APR. 28, 2626

this well-known pathway further contributes to its ease of adoption by these

mterventional pain specialists.

Figure 10

127. Due to 1t bemg safter and easier o use, the perpendicular needle
placement made possible by the Nimbus Device facilitated medial branch neuwrotomy
for skilled practitioners, and these features m combination with 1t being easier to
learn enabled a greater number of specialists to perform such RF neurotomy

procedures.

3. Multifidus-Sparing Technique

128. In addifion to enabling the parallel approach for medial branch
denervation, the unique properties of the Nunbus Device have empowered further
mnovations 1n RF neurotomy and improved RF neurctomy techniques that are

beneficial to practitioners and patients.
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129. As one example, I have pioneered a new technique for denervation of
the facet jomnt capsule to treat facet-joint pamn using the Nimbus Device. This
technique 15 an advantageous alternative to the parallel and perpendicular medial
branch denervation techniques previously discussed. T describe this techmque, called
the multifidus-sparing RF neurotomy techmique (MSRFEN technique). m my article
“Russo et al., Development and Description of a New Multifidus-Sparing
Radiofrequency Neurotowmy Technigue for Facet Joint Pain, Pam Practice, 21{(7}:

747-758 (Apr. 13, 2021).7 A copy of this peer-reviewed article 1s included as Exhibat

130. Byv targeting the {facet joint capsule, the MSRFN technmique
advantageously avoids denervation of the multifidus muscle, which is thought to be
important in recovering from low back pain. The medial branches targeted in the
parallel and perpendicular approaches supply not only the facet joint, but also the
multifidus muscle, and there 1s good evidence that conducting RF neurotomy using
these approaches denervates this muscle. In most patients—generally, those under
70 vears of age—it desirable to preserve the multifidus muscle, as this may assist

with rehabilitation after a procedure.

131. Moreover, because the parallel and perpendicular approaches target the
medial branches of the dorsal root that supplies the facet joint, two separate ablations
above and below a facet joint are required. By instead targeting the facet jomt
capsule in the MSRFN techmique, only a single ablation 1s required to achieve the
same denervation objectives. The MSREN techmique 15 thus quicker and easier to
perform, reduces radiation exposure o both the practitioner and patient, and can

reduce the patient’s discomfort.
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132. The MSRFN technique 1s also simpler because only a single
fluoroscopic view {30 degrees ipsilateral oblique) s needed, whereas other
techniques require two different views to confirm correct probe placement relative
to bony landmarks. This use of only one fluoroscopic view further reduces radiation

eXPOSUre.

133. The MSRFN technique also has safety hallmarks simlar to those of the
perpendicular approach. The RF needle can be mserted until contacting the capsule,
which thus acts as an anatomical backstop. The practitioner thus can avoid risks of

mserting the needle too deep or ablating too far associated with the parallel approach.

134. The MSRFN techmique 1s not possible with traditional RF needle
cannulae that do not have expandable tines due to the narrow prolate spheroid shape
and small size of the lesions created thereby. which I have discussed previously. The
MSRFN technique also 1s not possible with cooled RF systems, such as Avanos’s
COOLIEF* system. because the lesions created thereby are not the right shape and

are oversized.

135. The MSRFN techmique has gained significant popularity Australia. It 1s

also becoming more widely adopted in other regions of the world, mcludmg the U S,

136. In my current practice, [ use the Nimbus Device to treat all patients who
require facet-joint radiofrequency neurotomy. 1 freat approximately 70 percent of
these patients {generally those under the age of 70} using the MSRFN technique, and

I treat the remaming 30 percent using the perpendicular approach.
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VII. PERSON OF ORDINARY SKILL IN THE ART

137. Aslidescribed above, product development efforts in the RF neurotomy
field were directed to the R¥ generators, rather than the RF neurotomy devices (that

1s, the needles and electrodes), in the vears immediately before the Relevant Dates.

138. 1 believe that if an mmproved RF neurotomy device were to be
developed as at the Relevant Dates, the process would begin with an mterventional
pain specialist, such as myself. This is because a detailed knowledge of the anatomy
and physiology of pain pathways, and the sources and causes of different types of
pain, as well as the exasting RF neurotomy techniques, mcluding the devices used to
perform those techniques, would all have been essential to design an improved RF

neurotomy device before the Relevant Dates.

139. Even with this detailed knowledge, however, I would not have been
able to develop an improved RF neurotomy device entirely on my own. I believe this
is also true of other interventional pain speciahsts. T believe assistance from a person
or team with engineering expertise would be needed. I expect that the mterventional
pain specialist would have needed to explamn o an engineer what was trying to be
achieved with the improved device and would have relied on the engmeer to help

translate that mto aspects of the design and development of the improved device.

140. 1 also believe 1t would not have been possible for an engineer to design
and develop an improved RF neurotomyv device without closely collaborating with

an interventional pan specialist for at least the reasons noted above.

141. 1f I had been looking to develop an improved RF neurotomy device at
the Relevant Dates, my starting point, and I expect the starting pomnt of others

practising RF neurotomy, would have been existing RF neurotomy devices.
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142. In my world, a POSITA would include a junior doctor, fellow, or a
consultant pain specialist or neurosurgeon performing R¥ neurotomy procedures on
patient with three months of experience with thermal ablation systems. T believe
three months would be sufficient, as one becomes skilled in the art very quickly as
a doctor. I would not altogether exclude engmeers from the definition of a POSITA,

but 1t 18 necessary to include phyvsicians who actually use RF neurotomy devices.

143. In my experience, mventions in this space typically start with a doctor.
Doctors are the ones who see the patients, who diagnose and treat the conditions,

and who know the limitations of existing devices in practice.

144. In my experience, if a device fails to achieve a chinical outcome, a
biomedical engineer would not know this without the assistance of a doctor.
Biomedical engineers are not the ones who see the patients for follow up visits after
procedures—that 1s the role of doctors. A doctor may, for example, see that a device
has caused an issue with one or more patients and then consult with an engineer to
gain possible msight into that 1ssue. Based on mformation gamed from the engineer,
if any, the doctor might then cogttate on the matter and develop his own selutions to

the issue.

145. 1 understand that Gabor B. Racz, Wilhham R. Fitz, and Bruce Lee, the
only or first-named inventors of the Racz, Fitz, and Lee references, respectively, are
all medical doctors. Specifically, Gabor B. Racz 15 a board-certified
anaesthesiologist who served as the acting director of pain services at Texas Tech
Umiversity Health Science Center in Lubbock, Texas; and Philip Finch (who 1s also
an mventor of Racz) 1s an Australian pamn physician. See Exibit Nos. 2021, 2022,
Willaim R. Fiiz 1s a pain physician i Ohio. See Exhibit No. 2023, And Bruce Lee

is a board-certified gynaecologist in Southern Cahifornmia. See Exhibit No. 2024.
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146. The mventorship of Racz and Fitz 1s consistent with the qualifications
that I deem necessary for a POSITA 1n the RF neurotomy space, as each of these RF

neurotomy references was mvented by pam medicine specialists.

147. The inventorship of Racz, Fitz, and Lee also demonstrates the lack of
cross-pollmation of RF neurotomy and other specialties, such as gynaecology,
which RF ablation 1s also emploved. Whereas the RF neurotomy devices of Racz
and Fitz were invented solely by pain medicine specialists, Lee’s uterine fibroid

ablation device was invented by a gvnaecologist.

VIiI. ALLEGED PRIOR ART

A. Racz Is Directed to RF Neurotomy

148. Racz discloses a “radio-frequency electrode cannula™ mio which an
“electrical probe” is mserted. Ex. 1009 at 2:39-40, 60-63. Racz mdicates its
apparatus “for paimn relief . . . delivers electrical stiimulation pulses or high-frequency
signals to the vicinity of a neural structure via an electrical needle or cannula.”™ Id, at

1:7-9.

149. Racz’s device bears sumlarities to the RF neuwrotomy devices [
discussed in Section VI-B, supra. Indeed, 1n his “Background of the Invention”
section. Racz discusses the “SMK Needle electrodes from Radionics,” which I
simtlarly described m my “History of RF Neurotomy” section above. See id. at 1:43-

63,

1506. A POSITA would conclude that the thrust of Racz’s disclosure pertams

to RF neurotomy.
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1. Racz’s Curved Tip

151. The focus of Racz’s disclosure 1s that straight RF neurctomy electrodes,
such as the SMK Needle, are deficient and thus a permanently bent tip at the distal
end of the cannula i1s a necessary mmprovement. See id. at 1:25-67; 2:1-43. In view
of Racz’s disparagement of such straight electrodes and Racz’s insistence of the need
for a “firmly curved tip needle electrode,” it 1s my opinton that a POSITA would
understand that {(a) Racz’s devices, and any variations thereof, require a permanently
bent tip and (b} this permanently bent tip must have some degree of curvature—it

cannot be a straight. See id. at 2:45-67; 3:1-15.

152. Thus, when Racz states that “[t}hose individuals skilled in the art will
recognize that many varations of the electrode geometries depicted m FIGS. 1-3 are
possible without departing from the mvention. . . . [tlhe shape and degree of tip
curvature may vary widely.” this means that vanations of Racz’s electrode

geometries must have gf legst some curvature at the tip. Id. at 8:10-16.

153. A POSITA would understand that elimination of a curve from the tip
of Racz’s needle would effectively remove Racz’s mvention from Racz’s needle. As
reflected even in the very title of Racz, the mvention of Racz 1s a “BENT TIP.” Id.

at [ttle}.

154. Stated otherwise, a POSITA would not see elimmation of a/l curvature
from Racz’s tip as an opiion when varving Racz’s “elecirode geometries”™ because
this variation would constitute a wholesale departure from Racz’s invention. See id.

at 8:10-16.
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2. Racz’s Gauges

155. Racz states that “{tjhose mdividuals skilled m the art will recognize that
many variations of the electrode geometries depicted in FIGS. 1-3 are possible
without departing from the mvention. Various sized electrodes can be made, from
extremely small gauges (e.g., 30 gauge) to much larger sizes (e.g.. 10 gauge).” Id. at
8:10-15. Although 1 have mentioned 1t before, I again note that for gauge sizes,
mcreasing gauge numbers correspond with decreasing sizes: decreasing gauge

numbers correspond with increasing sizes.

156. To properly evaluate the foregoing passage of Racz, it 1s necessary to
understand what a POSITA would know about RF neurotomy needles imndependent
of Racz’s disclosure, and 1t 1s also important to evaluate this passage in the proper

context of Racz’s own disclosure.

157. To the extent the IPR Petittions and Dr Tucker, whether in his
declarations or deposition, allege that Racz’s foregoing passage teaches that an
RF neurotomy needle can be sized from 30 gauge on the small end to 10 gauge on

the large end, I disagree.

158. Quite simply, RF neurotomy needles are 22 gauge through 16 gauge m
size. RF neurotomy needles are most typically available in 22, 20, 18, and 16 gauges,

although some RF neurotomy needles fall between these sizes.

159. Cannulae larger than 16 gauge (e.g., 10 gauge) or smaller than 22 gauge
{e.g.. 30 gauge) are not suitable for RF neurotomy because they:

{a) are not suitably navigable to target nerves; and

{b} pose too great a risk of harming patients.
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168. In the case of cannulae that are larger than 16 gauge (e.g.. 10 gauge),
the cannulae are:

(a) too stiff to navigate within the constraints of the relevant anatomy; and

(k) so large that they damage delicate anatomc structures through which they

pass when being advanced to a target nerve.
For reference, a 10-gauge needle has a diameter larger than one tenth of an mch.

161. In the case of cannulae that are smaller than 22 gauge {e.g., 30 gauge),

the cannulae are:

{a) insufficiently stiff to navigate predictably and consistently to target nerves,
which are notoriously difficult to target even when using needles having an

appropriate stiffness; and

{b) so delicate that they risk bending or breaking in manners that can damage
fissue or, in the case of breaking, deleteriously leave a shard withm the patient,
which on top of any immediate negative effects, could additionally prevent

the patient from undergomg future MRIs in ongoing care.
For reference, a 30-gauge needle has a diameter of about one hundredth of an inch.

162. Even 1n cordotomy procedures, in which a tiny needle 1s inserted mto
the spinal cord of a patient to create a numscule lesion {e.g., 0.5 mm by 0.5 mm)

with pinpoint precision, a 22-gauge needle may be used.

163. Thus, a POSITA would know, independent from Racz, that RF
neurotomy needles cannot be as large as 10 gauge or as small as 30 gauge, and are

instead sized only from 16 gauge to 22 gauge.
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164. Even Racz’s own teachings would cause a POSITA to recogmize that
needle gauges larger than 16 gauge or smaller than 22 gauge would, in Racz’s own

phrasing, “depart]] from the invention™ of Racz. /d. at 8:12-13.

165. Much of Racz’s disclosure 1s directed to specific neurotomy procedures
i which a bent tip can be beneficial. See, e.g., id. at 6:59-67;7:1-25. Racz recognizes
that for neurotomy procedures, the “cannulae . . . must be placed with accuracy and
care to avoid imjury to critical neural structures™ and “avoidance of injury to delicate
anatomic structures 1s of primary importance,” in the regions and contexts of lumbar
joints, sacrotliac joints, and nerve blocking of spmal roots. Id. at 6:26-29; 7:13-21.
These are issues that would arise if an RF neurotomy needle were larger than 16

gauge.

166. Racz further recognizes that having too much flexibility 1s undesirable
for neurotomy needles. “Such flexible off-axis electrodes have a hmitation that there
[sic] tips cannot penetrate tough tissue or encounier hard bone without being
damaged or diverted.” 7d. at 2:34-37. These are 1ssues that would anse if an RF

neurotomy needle were smaller than 22 gauge.

167. Thus, a POSITA reading Racz as a whole and with expenience-based
appreciation of the concerns Racz mentions would understand that needle gauges
larger than 16 gauge or smaller than 22 gauge would raise the concerns I note 1n the

fwo paragraphs immediately above, respectively.

168. In summary, Racz does not teach or fairly suggest to a POSITA that its
devices could be constructed with a cannula larger than 16 gauge or smaller than 22

gauge and still be suitable for use as an RF neurotomy needle.
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169. For completeness, I refer to my discussion of Dr Tucker’s deposition in
Section XI-A below, in which Dr Tucker musapphed a gauge size range from a

different reference, Tullis, in a simular fashion.

B. Fitz Is Directed fo RF Neurotomy

176. Fitz purports to be directed to “[ijmproved-coverage RF neurotomy

mstrumentation.” Ex. 1011 at {abstract].

171. Fitz does not teach or suggest to a POSITA activation of its electrodes
via an msertable probe. In this regard, Fitz only discloses that “[elach electrode has

a proximal end configured for attachment to a source of energy.” Id.

C. Lee Has Limited or No Relevance to Racz and Fitz

172. Lee 1s not concerned with RF neurotomy, whereas Fitz and Racz are.
This 1s a significant difference. RF neurotomy 1s a particular special case of RF

ablation with several notable differences.

173. First, RF neurotomy devices and the nerves they target are considerably
smaller than most other RF ablation devices and the tissues they target. This has
significant ramifications on the design of RF neurotomy devices as compared to
other RF ablation devices. The space constramnts of RF neurotomy devices

sometimes precludes designs that mayv be possible only mn larger devices.

174. While 1t can be desirable to increase the ablation volume for both RF
neurotomy and non-neurctomy applications, that desire 15 animated by different
considerations. In tumour ablation, for example, a larger ablation volume 15 desirable
because complete ablation of the entire tumour 1s the clinical objective, even if that

means some collateral damage to nearby tissue. Indeed, in cancerous tumour
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removal or treatment, including RF ablation, the clintcians and surgeons often refer
to “margins” to excise or treat a tumour. That refers to extra tissue surrounding the
tumour. In RF neurotomy, on the other hand, the reason for desiring increased
ablation volume 1s to increase the likelihood that the relauvely tinv nerve tissue
targets are not missed during the ablation. Indeed, in RF neurctomy, it 1s almost
untformly undesirable to ablate beyond the target nerve in order to avoid damaging

other nerve structures that can be located nearby (see, e.g., the discussion above).

175. The properties of tumour tissue and fissues ablated i RF neurotomies

also differ n fundamental manners. For example, tumours (including uterine

fibroids} are characterized by their vascularity—blood vessels carry blood to and
from the tumour. During an ablation procedure, blood passing through the tumour
carries heat away from the ablation site, thus requiring mput of further energy. In
spinal RF neurotomy procedures, however, there are no blood vessels m the target

area that would take away energy as it 1s being applied.

176. As a further example, tissue of cancerous tumours may be less dense
and more friable than surrounding tissue, which can yield impedance characteristics
{e.g.. low impedance) that vary from normal tissue, whereas tissue of uterine fibroids
{another type of tumour} can be more dense than surroundimg tissue with other varied
impedance characteristics. In spinal RF neuroiomy procedures, however, the

densities and impedances are those of normal tissue.

177. Another significant difference is that the phvsicians who perform RF
neurotomy procedures {pain-treatment specialists) are different specialists from the
physicians who perform other RF ablation procedures, as I note above. The
physicians m these different specialties hive 1n different professional worlds, read

different professional literature, attend different conferences, etc.
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178. Additionally, the frequency with which RF neurotomy procedures are
performed 1s many times more often than all other RF ablation procedures. A pain-
treatment specialist may perform numerous (perhaps more than a dozen) RF
neurotomy procedures each day, whereas RF ablation of tumours, for example, is a
relatively rare event. Moreover, most RF neurotomy patients must repeat the

procedure periodically as nerve tissue regenerates.

179. This difference in procedure frequency and volume significantly
mmpacts the design and construction of the RF ablation devices used for neurotomy
as compared to other applications. For example, 1t can be guite valuable to have
removable, reusable parts—1ike an RF probe—in an RF neurotomy device, whereas
reusability 1s simply not a factor m the other RF ablation freatments because of their

relative rarity.

180. A further difference between the neurotomy devices of Racz and Fiiz
and the tumour ablation device of Lee 1s apparent from Lee’s mability to dehiver
anaesthetic to a target site. Both Racz and Fiz state anaesthetic delivery as an
objective of their devices, but Lee does not—every device disclosed in Lee lacks the
ability to dehiver anaesthetic. RF neurotomy procedures require delivery of
anaesthetic to a target nerve through the R¥ neurotomy needle before a nerve can be
ablated. This 1s a crucial step, as many RF neurotomy procedures are conducted
under sedation, rather than under general anaesthesia, and others do not even use
sedation. In contrast, Lee’s device would only be used when the patient 1s under
general anaesthesia, so there would be no need to deliver anaesthetic to the patient

when using this device.

181. If is my opinion that Lee has limited or no relevance to Racz and Fitz.

Page 53 of 73 IPR2024-01212
' nos v. Stratus

IPR2024-012 ratus Ex. 2052
Avanos v. Stratusige 174 of 198
Siratus Ex. 72001



ATTACHMENT C TO RULE 132 DECL. OF DR, PHILIP FINCH DATED APR. 28, 2626

D.  Young '965 Has Limited or No Relevance to Racz and Fitz

182. Young "9635 1s directed to devices for treatment of tissue anomalies and
cancers. Ex. 1012 at § 0002. For example, Young '965 discusses difficulties
encountered during ablation due to bloodflow through the target tissue. Id. at ¥ 0006.

Young "965 1s devoid of any disclosure regarding the ablation of nerves.

183. Like Lee, Young "963 also lacks the ability to dehiver anaesthetic to a

freatment site.

184. Young "965 thus is not concerned with RF neurotomy. For reasons such
as those described above with respect to Lee, I see Young 965 as having limited or

no relevance to Racz and Fitz.

185. Dr Tucker asserts that “a POSA would have recognized that Young
'965°s shaft (20) could also be adapted to deploy and retract Lee’s filaments
{22/1622) from Racz’s device (e.g., the shaft (20} could be hollowed and
dimensioned to accommodate Racz's RF probe (22/52)).7 Ex. 1031 at 4 227,

I disagree.

186. 1Idonotsee any reason for a POSITA to hollow out Young 965°s shaft
so it can accommodate Racz’s RF probe. Dr Tucker provides no reasoming as to why
a POSITA would be motivated to do so. Moreover, there are significant reasons that

a POSITA would be dissuaded from doimng this.

187. As just one example, Racz discloses that the distal tip (56} of 11s RF
probe (52} mcludes a temperature sensor. Ex. 1009 at 5:28-29. The inchision of a
temperature sensor at the distal tip of an RF probe 1s a standard practice. The purpose
of the temperature sensor 1s to montitor the temperature at the ablation zone during

ablation. Accordingly, 1t 15 desirable for the temperature sensor to be as close as
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possible to the ablation zone. It 1s also desirable for there to be good thermal
conductivity from the ablation zone to the femperature sensor to permut the
temperature sensor to obtain accurate mformation regarding thermal conditions in

the ablation zone.

188. If Young '965 were to be redesigned in the manner proposed by Dr
Tucker, such that “the shaft {20} . . . [were to] accommodate Racz’s RF probe
{22/532),”7 Racz’s temperature sensor would be positioned at the distal tip of Young
"9657s shaft (20), as shown below in the annotated version of Young "965°s Figure 6.

Ex. 1031 at 9227,

2
52~
30~y
S
L

FIG. 6

189. The location of the temperature sensor in Young "965°s modified
device would not be suitable for RF neurotomy procedures. The temperature sensor
would be far from the ablation zone. Moreover, it does not appear that there would
be good thermal conductivity from (a) the distal end portion of the cannula (16) that

wotld be positioned within the ablation zone to (b) the temperature sensor.
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E. Scheibe Has Limited or No Relevance fo Racz and Fitz

196. Scheibe 15 directed to a deflectable catheter assembly and 13 not
concerned with RF neurotomy. Ex. 1013 at {abstract]. I see this reference as having

Limited or no relevance to Racz, Fiiz, or Lee.

191. Inote that the IPR Petitions and the Tucker Declarations repeatedly cite
to the following passage from Scheibe, although thev only quote the final six words

thereof”

Although the use of the implantable device has been described for use
as a lead mn, for example, a cardiac stimulation system, the implantable
device could as well be applied to other types of body stimulating

systems.

See, e.g. IPR2024-01209, Paper 1 atp. 74 and Ex. 1031 at99 233, 237 (each quoting
Ex. 1013 at % 0037} It appears that the IPR Petitions and the Tucker Declarations
rely on this passage to demonstrate that a POSITA would naturally see that Schetbe’s
teachings are relevant to other “stimulating svstems,” such as those of Racz, Fitz,

and Lee. See id. This 1s incorrect.

192. A POSITA would mmmediately recognize that Scheibe’s quoted
passage does not correspond with the rest of Scheibe’s teachings. Deflectable
catheter assemblies are clearly not “implantable device[s]” that can be used as leads

m “cardiac stimulation svstem{s].” Ex. 1013 at § 0037

193. Regardless, a POSITA would not consider either detlectable catheter
assembhlies or leads for cardiac stimulation systems as bemg relevant to Racz, Fitz,

or Lee.
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194. Moreover, I do not believe that a POSITA would find a rotational
actuator mechanism that is intended to create tension on a “pullwire” that remains

fixed within a distal end of a flexible catheter sheath to deflect the sheath, as taught

by Scheibe, as being reasonably pertinent to the objective of pushing tines out of a
distal end of a suff cannula. See Ex. 1013 at 99 16, 17, 26. These are nearly

antithetical objectives.

IX. STRATUS PATENTS

195. The following statement, or one siumilar thereto, appears near the

begmning of each Stratus Patent:

The present mvention 15 directed toward improved methods, systems,
and related apparatuses for perfornmng thermal ablation i general, and
in particular, improved methods, systems and related apparatuses for
performing R¥ neurotomy, spectfically in the region of the spine of a

patient.
Ex. 1002 at 1:538-62; see aglso Ex. 1001 at 1:56-58.

196. The "68R and *664 Patents further state that:

RF¥ neurotomy uses RF energy to cauterize a target nerve to disrupt the
ability of the nerve to transmit pain signals to the bram. Known RF
neurotomy methods typically use a single RF probe generating a
generally oval or oblate spheroid lesion. The RF probe is positioned
an attempt to mchude the target nerve within the oval or oblate spheroid
leston. In various procedures, access to a target nerve may be limited

(e.g.. limited to a restricted angular range), thereby raising significant
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challenges to medical personnel to create sufficient lesions to provide
optimal chnical outcomes. Additionally, anatomical variations of the
nerve location relafive to anatomical landmarks provide additional

challenges.
Ex. 1002 at 1:42-54

197. The himutations or challenges described in this passage were recognised
limitations or challenges in the RF neurotomy field before the Relevant Dates. As 1
stated above, to successfully capture the target nerve in the lesion required
comprehensive knowledge of the topography of the target nerve tissues, as well as
surgical precision, and the RF neurotomy procedures could fail if the electrode was
not placed optimally near the target nerve or if anatomic variations were not

effectively incorporated into the lesion.

198. The Stratus Patents each mchude the following statement, or one similar

thereto:

In the followmg description, the mvention 1s set forth in the context of
apparatus and methods for performmg RF ablation. More particularly,
the systems and methods may be used to perform RF neurcotomy to
ablate portions of target nerves. Even more particularly, the systems
and methods may be used to perform spinal RF neurotomy to ablate
portions of target nerves along the spine of a patient to relieve pamn. For
example, embodiments of methods and apparatuses described herein
relate to lumbar RF neurotomy to denervate a facet jomt between the
L4 and L5 lumbar vertebrae. Denervation 1s achieved by application of
RF energy to a portion of a medial branch nerve to ablate or cauterize

a portion of the nerve, thus interrupting the ability of the nerve to
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transmit signals to the ceniral nervous svstem. In another example,

embodiments described herein relate to sacroihiac joint RF neurotomy.
Ex. 1002 at 4:18-34; see also Ex. 1001 at 8:40-35.

199. In my opinion, mcluding based upon the above passage, the Siratus
Patents are dwected to the field of RF neurotomy, and particularly spinal RF
neurotomy, and it describes new devices and methods for performmg RF neurotomy.
I do, and did before the Relevant Dates, regularly perform RY neurotomy to
denervate facet joints between the 1.4 and L5 lumbar vertebrae. as well as sacroihiac

1oint R¥ neurotomy.

208. The limitation of the single needle technology described m the above
passage was a recognised limitation in the RF neurotomy field before the Relevant
Dates. As I state above, it was known before the Relevant Dates that there was
minimal lesion formation distally bevond the electrode tip, with a circumferential
lesion produced around the electrode tip. The Stratus Patents state that the mvention
overcomes that obstacle by emploving the use of muluiple filaments to provide
additional conduits for RF energy and to allow adjustment of lesion geometry and

size {see, for example, column 3, lines 9-19 of the "688 Patent).

201. The Stratus Patents describe a number of advantages provided by the
mvention described therein, which I have experienced as a result of using the
Nimbus Device, including that it enables the needle to be inserted mto a patient at a
more desirable angle than would be required when using a needle without offset
leston capabilities (see, for example, column 22, lines 9-27 of the "688 Patent}, and
that 1t may be used to ablate a larger target area without the need to reposition the
needle (for example, without withdrawing the needle and reinserting 1t), which may

result 1n reduced patient trauma {see, for example, column 24, hine 60 to column 23,
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line 8 of the "688 Patent). As 1 state above, the Nimbus Device allows mterventional
pain specialisis to use a simplified technique to reach the target nerve, and also
produces more optimally shaped lesions to capture target nerves in the facet joints
and sacrothac joints, with fewer heat cveles and with less heat damage to

surrounding tissues.

202. The devices used in the RF neurotomy field as at the Relevant Dates

did not have both a removeable RF probe and deplovable and retractable filaments.

X. RESPONSE TO BECLARATION OF DR TUCKER

203. 1 comment here on only a few of the items discussed in Dr Tucker’s
declaration with which I disagree. While further points of disagreement should be
apparent from other sections of this declaration, I do not necessarily address every

point of disagreement.

204. Initially, I note that Dr Tucker is a pathologist who has never performed
an RF neurotomy procedure on a live human patient. Ex. 2020 at 9:5-6; 10:3-18;

12:16-20.

205. 1 further note that Dr Tucker has no personal knowledge of the size of
RF neurotomy needles. /d. at 142:3 to 146:16. Dr Tucker admuts that he would need
to defer to the understanding of physicians who actually perform RF neurotomy
procedures to determine what sizes are appropriate for RF neurotomy needles. See

id. at 142:15-21.

206. 1 do not see anything m the Tucker Declarations, Dr Tucker's
curriculum vitae, or Dr Tucker’s Deposifion to suggest that Dr Tucker has any

meaningful experience with the performance of RF neurotomy procedures using
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R¥ neurotomy needles. As I consider such expernience indispensable for determining
what a POSITA would have known as at the Relevant Dates with respect to RF
neurotomy needles, T disagree with Dr Tucker’s conclusory statements of what

would have been obvious to a POSITA.

207. For example. I disagree with Dr Tucker’s unsupported conclusion that
“Racz’s modified device” illustrated mn his declarations (reproduced below), to the

extent 1t 1s manufacturable, could function as a “radiofrequency neurofomy needle.”

Lee’s Filaments (22/1622)
guiged by deflection
surfaces {12/1612)

3

Racz’s RF { Racz’s Active
Probe (22/52] Tip (14/38)

208. 1 also disagree with Dr Tucker’s unsupported statements that “Racz’s

modified device” would have been obvious to a POSITA as at the Relevant Dates.

209. There are many details of “Racz’s modified device” that I do not
understand from Dr Tucker’s description of this device. For example, 1 cannot
determine whether the tip illustrated above is supposed to be curved or straight. 1

assume that it must be curved because the red portion 1s 1identified 1n the tmage above
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as “Racz’s Active Tip,” and Racz disclosed that its tip must be curved (as 1 have
discussed previously). But the tip appears to be illustrated 1n a straight configuration,

which is contrary to Racz’s teachings.

218, As a further example, Dr Tucker indicates that Racz’s electrode
cannula, as incorporated into “Racz’s modified device,” 1s a “radiofrequency
neurotomy needle.” Ex. 1031 at 91, see glso id. at 99-111. From this, I must assume
that the cannula of Racz’s modified device is sized between 16 gauge and 22 gauge.
But I am unclear as to how channels could be formed in the sidewall of such a small
cannula to recerve the blue components identified in the mmage above as “Lee’s
Filaments guided by deflection surfaces”™ {which I identify hereafter as “Lee’s

Filaments™).

211. And even assuming that “Lee’s Filaments™ could be arranged within
the sidewall as illustrated, T am unclear as to what mechanism would be used to

advance and retract these components through the sidewall of “Racz’s Active Tip.”

212. Despite these and other confusing aspects of Racz’s modified device, 1t
1s my understanding that “Lee’s Filaments™ are meant to fit within channels m the
sidewall of a needle body sized between 16 gauge and 22 gaunge, as depicted n Dr

Tucker’s ilhustration.

213. While I do not understand Dr Tucker’s “second example,” I beheve it
would at least have the same size needle tip as the “first example.” and thus would
also be between 16 gauge and 22 gauge with channels running through its sidewall

for “Lee’s Filaments.” See id. at 86-89.

214. With respect the foregomng assumptions regarding “Racz’s modified

device,” at the scales mvolved in RF neurotomy, my iniiial impression 1s that such a
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device, if manufacturable, would be extremely and impractically costly. T have never
seen a device simular to what 1s illustrated m which deployable tines are advanced

through channels within the thin sidewall of a needle.

215, Moreover, 1 and other pam doctors would have serious concemns
regarding the performance charactenstics of tines that are suffictently small to pass
through channels within the sidewall of a 16- to 22-gauge needle. Tines having such
a small cross section present significant risks of being damaged or deflected. A
POSITA would also understand that they would be incapable of generating a

desirable ablation volume. T address each of these clear drawbacks i turn below.

216. But first, I again note that Racz itself warns agamst the very
arrangement depicted m “Racz’s modified device” for some of the reasons I will
discuss hereafter. Specifically, Racz warns against advancing flexible elements from

a cannula in the types of environments encountered m RF neurotomy procedures:

Those electrodes both have flexible, curved tips, which extend from the
straight shaft of an enclosing canmula to extend off-axis i an arc. This
1s useful in certain neural regions such as the trigeminal ganglion or the
pituttary gland, or any area where the farget region 1s very soft or flud
filled. Such flexible off-axis electrodes have a limitation that there [sic]
tips cannot penetrate tough tissue or encounter hard bone without being

damaged or diverted.

1009 at 2:30-38. Because “Lee’s Filaments”™ would have extremely small cross
sections in Racz’s modified device, thev would possess the very properties that Racz
discourages for RF neurotomy needles. That is, they would be “flexible™ and

mcapable of “penetratfing] through tissue or encounterfing] hard bone without being
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damaged or diverted” as they “extend from the straight shaft of an enclosing canmula

to extend off-axis.” Id.

217. A POSITA would understand “Lee’s Filamenis” m “Racz’s modified
device” would be so small as to face significant risks of breakage. Dr Tucker even
suggests that these filaments could be as small as “0.2mm (wide) and 0.05mm
(thick).” Ex. 1031 at 88, 143. This 1s extremely small (just 50 microns thick!) and
not practical in real-world apphications. I do not view filaments that are this thin as

translating to clinical human safety.

218. In my experience, practitioners would not use a device that presented
any possible risk of breaking off within a patient, particularly m the vicintty of
nerves. The risk of such breakage is heightened near bone, which 1s where spinal

and other forms of RF neurotomy procedures are performed.

219. “Lee’s Filaments™ in “Racz’s modified device” also would have a high
risk of bending while passing through tissue or potentially encountering bone, likely
in unpredictable manners. Such unconirolled bending s unacceptable for
neurotomy, where precisely targeting muniscule fargets 1s necessary, as I have
previously discussed. With a device such as “Racz’s modified device” illustrated
above, the configuration of the deployed tines would vary m unpredictable and
potentially unrepeatable manners, as they would be influenced differently by the
fissue through which thev pass from one patient to the next. The tines of an RF
neurotomy needle such as disclosed n the Stratus Patents must be deploved m

predictable, repeatable, and reliable way to ensure proper targeting of a nerve.

2206. As a further comphceation, bending of such small tines could prevent
thewr retraction after use. The narrow entrances of the side ports info which “Lee’s

Filaments” must be withdrawn appear to heighten this risk.
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221. If “Lee’s Filaments” were unable to retract mto the needle tip, this
would damage delicate structures of the patient during retraction of the full device
from the patient, as the un-retracted tine or tines {depending on whether they are
mdividually or collectively retractable) would still be sticking radially outward by
some amount. This scenario could also increase the likelihood of one or more of the

fines breaking off within the patient.

222. A further compheation that can arise from “Lee’s Filaments™ bemng too
flexible due to their tiny profile 1s a tendency of the tines to spread further apart from
one another than mtended. To achieve an effective ablation volume that can target
nerves 1 the effective manners discussed in other sections above, it 1s desirable for
the individual ablation patterns from each filament to have some degree of overlap
or confluence. Such overlap can be appreciated from the ablation volume of the
Nimbus Device depicted in Figure 8 above. If the filaments are too far from one
another, their ablation coverages will not overlap, leaving gaps m the ablation
volume. The device would thus be unable to provide a predictable and repeatable

ablation patterns upon which a practitioner could rely.

223. Even in the absence of undesired bending, however, “Lee’s Filaments™
would still be unsuitable for expanding the ablation volume of “Racz’s Active Tip”
because they are so thin. Dr Tucker's proposed design thus causes “Lee’s

Electrodes™ to be so small that thev are unsuitable for their stated purpose.

224. 1t 15 difficult to achieve meaningful ablation volumes from electrodes
that are 22 gauge or smaller. Even if it were fo be assumed that the cannula size of
Racz’s modified device i1s 16 gauge, thus making the device as large as possible
while still qualifying as an RF neurotomy needle, “Lee’s Filaments” would

necessarily be much smaller than 22 gauge in order to fit within the needle’s

Page 67 of 73 P

IPR2024-0120y
Avanos v. Stratus,
Siratus Ex. 72001

R2024-01212
nos v. Stratus
atus Ex. 2052
ge 186 of 198



ATTACHMENT C TO RULE 132 DECL. OF DR, PHILIP FINCH DATED APR. 28, 2626

sidewall. “Lee’s Filaments™ thus would be incapable of providing ablation volumes
that could meaningfully expand the ablation volume of “Racz’s Active Tip.” This
situation would worsen if smaller cannula gauges were used for “Racz’s modified

device.”

225. Thus, “Lee’s Filaments” ultimately would fail to provide an expanded
ablation volume that would 1mprove upon the performance of Racz’s unaltered
device. This undercuts the verv motivation that Dr Tucker relies upon for combming

the teachings of Racz, Fitz, and Lee. See Ex. 1031 at 78-81.

226. In sum, the tiny, flexible tines that would be required for “Racz’s
modified device” make this device unsuitable for RF neurotomy: the tines could
break, could bend m unpredictable manners, and n any event, would be so small

that they would fail to achieve their stated purpose of expanding an ablation volume.

227. In view of the foregomng, 1 strongly disagree with Dr Tucker’s
unsupported assertion that “Racz’s modified device” could function as a

“radiofrequency neurotomy needle.” Ex. 1031 at 91, see alse id. at 99-111.

228. In view of the foregoing, 1 also strongly disagree with Dr Tucker’s
assertion that a POSITA would have found 1t obvious to combine the teachings of
Racz, Fitz, and Lee to create “Racz’s modified device™ —no POSITA wheo has real-
world expenience performung RF neurotomy procedures on actual human patients

would have ever ammived at such a device.

X1. RESPONSE TO DEPOSITION OF DR TUCKER

229, 1 comment here on only a few of the ttems discussed in Dr Tucker’s

deposition with which 1 disagree. While further pomts of disagreement should be
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apparent from other sections of the present declaration, I do not necessanily address

every point of disagreement.

A.  Cannula Size for RF Neurctomy Needles

2386, In his deposition, Dr Tucker confirmed that he did not personally know
what sizes are appropriate for RF neurotomy needles, and thus would need to rely
on more knowledgeable physicians or patent literature to determine this mformation.

See Ex. 2020 at 142:3 to 146:16.

231. In discussing paragraph 46 of his declaration {Exhibit 1031), Dr Tucker
repeatedly indicated that one of the “guys” (patentees) he listed 1n this paragraph had
wdentified 12 gauge 15 an appropriate upper hmit for the size for RF neurotomy

needles. fd. at 133:5; 143:4-18; 144:8-10; 145:9-20. This 1s clearly wrong.

232. In his testimony, Dr Tucker must have been referencing his following

quotation in paragraph 46 of his declaration:

Ex-1022, 7:32 (cannulas used can range “from 12 Glauge] to a smaller

26 Glaugel’).”
Ex. 1031 at ¢ 46 (gquoting Ex. 1022, 7:32).

233. But this guotation omits crucial information. The full quote from

Exhibat 22 (U.S. Patent No. 7,918,852 of Tullis et al.} 1s as follows:

Other cannulae of this invention, both monopolar and bipelar, may have
outer diameters rangmg from 12 Glauge] to a smaller diameter
26 Glauge]. For electrode assemblies 24 used for denervation

procedures, the diameter of the cannula 28, which 1s the diameter of
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the supply electrode assembly 36, is preferably 16 Glauge] or more

and more preferably 18 Gfauge] or more.
Ex. 1022 at 7:30-36 (emphases added).

234. Thus, even the patent literature that Dr Tucker attempted to used in his
declaration and deposition testimonyv to ideniify unreasonably large sizes for
RF neurotomy needles instead confirms the frue range that 1 have I identified
throughout this declaration: 16 gauge 1s the maximum acceptable size for neurotomy

needles.

235. This episode from Dr Tucker’s deposition 1s just one among many
demonstrating that Dr Tucker does not possess the necessary understanding of
RF neurotomy procedures to credibly comment on what would or would not have

been obvious fo an appropriately defined POSITAL

236. 1 reiterate that a POSITA would mdependentlv know that RF
neurctomy needles range m size from 16 gauge to 22 gauge for the reasons

previously discussed.

B.  Scope of the Term “RF Neurotomy”

237. In his deposition, Dr Tucker admatted to bemng confused as to whether
the term “RF neurotomy” applies only to spinal nerves or whether it also applies to
“peripheral nerves.” See Ex. 2020 at 196:5-17; 198:6-17. Ultimately, he concluded

that RF neurotomy applies to both spinal nerves and peripheral nerves. 74,

238. Dr Tucker’s confusion regarding the term “RF neurotomy” may stem
from his mexperience with R¥ neurotomy procedures, as he has never performed an

RF neurotomy on a human patient. Id. at 12:16-20.
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239, Regardless, application of the term “RF neurctomy” solely to spinal
nerves would be understandable, as I estimate that more than 99.5 percent of all RF
neurotomy procedures are performed on spinal nerves, such as lumbar, thoracic, and

cervical medial branch nerves.

240. Whether RF neurotomy applies solely to spinal nerves or additionally
to peripheral nerves makes little difference in the present case, however. RF
neurotomy needles used for performing neurotomies on peripheral nerves, whether
via thermal ablation or via pulsed RF, are similar to other R¥ neurotomy needles
described above with respect to spinal procedures. For example, in both instances,

the RF neurotomy needles are sized from 16 gauge fo 22 gauge.

C. Dves Do Not Make Nerves Visible Under Fluoroscopy

241. In lus deposition, Dr Tucker suggested that a practitioner could avoid
madvertently deploving a pointed stylet into a non-targeted nerve near the spine
during a RF neurotomy procedure because it 18 possible to use certain dyes that
render nerves visible under X-rays, such as used in fluoroscopy. Ex. 2020 at 58:9 to

60:7.

242, This 1s false. I am unaware of any dve that renders nerves visible under

X-rays.

243. While 1t 1s possible to inject dye mnto the spine to identify an anatomical
tract within which a nerve will be located. such as a hole 11 a bone, this does not

make the nerve utself visible. The dve only assists m highhighting the tract.

244, There is also a procedure that used to be employed more than it 1s today
called mvelogram fluoroscopy. This procedure involves the injection of a large

amount of dye {e.g., 30 mL) into the fluid around the spmal cord. This can show the
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anatomical outline of the spmal cord. This procedure 1s not used in RF neurotomy
and, in any event, became a relatively rare alternative to MR scans after the advent

of MRI machines.

245, Importantly, practitioners wheo are experienced in RF neuroiomy would
not inject dye near a nerve during an RF neurotomy procedure. This would be
counterproductive, as the dve would obscure the anatomical markers (e.g., bones) in
the very region where the practitioner s trying to accurately position the needle tip
based on those very anatomical makers. Practitioners wish to see the bonv anatomy
in an unohscured fashion when using fluoroscopy so they may reference the contours
of that bonyv anatomy to approximate the positions of the nerves, which are not

visible under fluoroscopy.
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Xil. CONCLUSION

246. 1 declare that all statements made herein of my own knowledge are true
and that all statements made on information and belief are believed to be true. 1
further declare that these statements were made with the knowledge that willful false
statement and the like so made are punishable by fine or imprisonment, or bothunder
Section 1001 of the Title 18 of the Umted States Code, and that such willful false

statements may jeopardize the validity or enforceability of the Stratus Patent.

247. 1 agree to be reasonably available for cross-examination regarding the
content of this declaration in the United States during the time allotted for such cross-

examination in these cases.

Executed thus _21% day of May 2025,

e fo Wmo

Marc Andrew Russo
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