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SrOWN FUONCKLLE Ly

BOSTON, MA 02111
Date Mailed: 03/05/2024

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER,
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are
subject to collection.

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another
Filing Receipt incorporating the requested corrections provided that the request is grantable.

Inventor(s)

David Townley, County Clare, IRELAND;
Applicant(s)

Neurent Medical Limited, Oranmore, IRELAND;

Power of Attorney: None

Domestic Priority data as claimed by applicant
This application is a CON of 17/225,560 04/08/2021 PAT 11,883,091
which claims benefit of 63/007,584 04/09/2020

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

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

Permission to Access Application via Priority Document Exchange: Yes
Permission to Access Search Results: Yes

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.
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If Required, Foreign Filing License Granted: 03/01/2024

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 18/411,476

Projected Publication Date: 06/13/2024
Non-Publication Request: No

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

SYSTEMS AND METHODS FOR IMPROVING SLEEP WITH THERAPEUTIC NASAL TREATMENT

Preliminary Class

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

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

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

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

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

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

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

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

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

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

NOT GRANTED

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

SelectUSA

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

Substitute for Form PTO-875 18/411,476
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBERFILED | NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 OFF 1.16(a), (B), or (6) N/A N/A N/A 64 N/A
SEARCH FEE
(37 GFR 116K, (), of (m) N/A N/A N/A 280 N/A
EXAMINATION FEE
(37 GFR 1.16(0), (5}, o (a) N/A N/A N/A 320 N/A
TOTAL CLAIMS . *
(37 CFR 1.16() 20 minus 20 = 0 X = 0 OR
INDEPENDENT CLAIMS . *
(37 CFR 1.16(h) 1 minus 3 = x = 0
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()) 0
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 664 TOTAL

APPLICATION AS AMENDED - PART I

OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE($) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
L Total * Mi b =
s (37 GFR 1.16(i)) s X = OR |x =
[m] =
Ind dent ) Mi =
E (39 oe%e?.wg(:)) s x = OR [x -
3 Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 CFR 1.16()) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE($) FEE($) RATE($) FEE($)
E AMENDMENT PAID FOR
L Total * Minus | ** = X _ -
= (37 GFR1.16(i)) OR [x =
% Independent ¢ Minus | == = M = OR |x =
w (37 CFR 1.16(h)) B
E: Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
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United States Patent and Trademark Office

Under Secretary of Commerce for intellectual Property and
Director of the United States Patent and Trademark Office

WELCOME TO THE UNITED STATES PATENT AND TRADEMARK OFFICE (USPTO)

Congratulations on taking the first step to protect your invention. You can now advertise or mark any products
covered by this application for your invention as “Patent Pending’ for as long as this application is pending!

We are here to help you on the rest of your journey.

New to the process? The Patent Basics page will take you from Contact us:

“What is a patent?” to assistance with the appiication procass. s General information: USPTO Contact Center

+  www.uspto.gov/PateniBasics - www.uspto.gov/help

Consider cost savings. You might qualify for small entity or Patent Center:

micro entity status, which means a discount on most USPTO
patent fees.
o www.uspto.goy/EntityStatus = Pre or post~examination: Application Assistance Unit
- www.uspto.gov/PatentAssistance

Patent Electronic Business Centar
- www.uspto.govw/EBC

Become a registered electronic filer (eFiler). You'll gain access
to the full capabilities of Patent Center. As a registered eFiler,

v view your submission, track the progress »  Access our free services all in one spot. Find all of our
y v A prias . ! &)

Want to learn more?

vou can electronicail
bf your application, and respond to USPTO correspondence. contact centers, nationwide services, events, aducation,
and training.

- www.uspto.gov/FreeServices

«  www.usplo.gov/NewPatentFilers

Learn how to identify which of vour creative ideas might be
intellectual property assets and how to protect them by using
the USPTO intellectual Property {IP) Identifier.

+  Connect with us on {nstagram, Linkedin, Twitier,
Facebook, and YouTube.

° ipidentifieruspto.gov = Hear about resources for startups, inventors, and
We also provide Pro Se Assistance, support specifically entrapreneurs, as well as our initiatives engaging woimen,
gearad for independent inventors without an attorney or the military community, and others. These progranms offer
agent. Foilow the link below, call us at BE6-767-3848, or email helpful tips and tricks on identifying and managing your {F,
proseassistancecenter@uspto.gov. finding options for funding, and expanding vour network 1o
= www.uspto.gov/ProSePatenis support your business,

- www.uspio.gov/startups
eed help near you? We hava regional offices across the
Meed hel 7 Wea t ff th

- - . . - www.uspto.gov/inventors
country, as well as Patent and Trademark Resource Centers in

libraries in naarly every state, with specialists standing by to - www.uspto.gov/initiatives

help you at no cost. . . . .
Py . *  We hope you connect with us by subscribing to receive
@ N s rec . o
www.uspto.gov/locations important notifications by email,

T www.uspto.gov/ptrc - www.usplto.gov/subscribe

ot Vidal_ o

Kathi Vidal Derrick Brent
Under Secretary of Commerce for Intellectual Property and Deputy Under Secretary of Commerce for Intellectual Property and
Director of the United 5tates Patent and Trademark Office Deputy Director of the United States Patent and Trademark Office
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United States Patent and Trademark Office

Office of the Chief Fimencial Gfftcer

Document CodeWHEER
User (Alma Balinang
Fefund Accounting Date:03/01/2024

Effective Date Sale Item Reference Number Refund Total

03/01/2024 18411476 $168.00

Document Number Fee Code Fee Code Description Amount Paid Payment Method Account Number
1202431H49265507 2081 UTILITY APPL SIZE FEE$168.00 DA 500369

PER 50 SHEETS >100
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National Stage of an inlernalional Apphication under 35 UL.8.C. 371

371 and other applicable requiraments a Form POT/DOAEGANS indicating scceptarncs of the apnlication as a national st

subrmisaion under 35 ULE.C. 371 will be issued in addition o the Filing Recaipt, in due couwrse.

Mew International Application Filed with the USPTO as a Recelving Office

i & new international application s being fHed and the intemalional application includes the nacessary components for an
international filing date {(see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number and of the
intermational Filing Dade Form POT/RGADE) will be issuad in dus course, subject to prascriptions concarning national secunty,
and the date shown on this Acknowledgement Recsipl will eslablish the international filing date of the application.
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APPLICATION TYPE  Utility - Nonprovisional Application
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FILED BY Matthew York

CONFIRMATION # 8746

FILING DATE
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371 and other applicable requiremenis a Form PCT/DO/EQ/SOT indicaling acceptance of the application as a national stags
submission under 38 LS. 371 will be ssuad in addition o the Fiing Recelpl, in due course.

New International Application Flled with the USPTD as & Regeiving Offfce

i anew international application is being filed and the inlemalional application includes the necessary components for an
international ing date (see PCT Arlicle 11 and MF ), a Notliticadion of the International Apglication Number and of the
international Filing Date (Form PCT/RO/105) will be issued in dus course, subject fo preseriptions concerning nalional securily,

and {he date shown on this Acknowlsdgemeant Beceipt will establish the intermational filing date of the application.
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Provide a treatment device comprising a multi-segment end effector,
including a proximal segment that is spaced apart from a distal segment, and
a visual marker

l

Advance, under image guidance, the proximal segment and the distal
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configuration

l
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Provide a treatment device comprising an elongate body
comprising one or more of a first set of electrodes provided
along a length thereof and a retractable and expandable end
effector operably associated with the elongate body and
comprising one or more of a second set of electrodes
provided thereon
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Deliver energy to one or more target sites within a sino-nasal
cavity of the patient to disrupt multiple neural signals to, and/
or result in local hypoxia of, mucus producing and/or mucosal
engorgement elements, thereby reducing production of
mucus and/or mucosal engorgement within a nose of the
patient and reducing or eliminate one or more symptoms
associated with at least one of rhinitis, congestion, and
rhinorrhea to improve nasal breathability of the patient.
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Approved for use through 65/31/2024. OMB 08510032

and Trademark Offi S DEPARTMENT OF COMMERCE
s of information unless § ys a valid OMB control number.

us.
&

Under the Paperwork Reduction Act of 1885, no persons are required to respond o a coilecti

DECLARATION {37 OFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN

fispia

APPLICATION DATA SHEET (37 CFR 1.78)

Tileof | SYSTEMS AND METHODS FOR IMPROVING SLEEP WITH THERAPEUTIC NASAL
ivention | TREATMENT

As the Delow named inventor, | hereby declare that:

This daclaration [ - ; N
The altached appiics
is directed o [ _____ ] The aftached appiication, or
@ United States appiication or PCT international application number

April 8, 2021

171225660

filed on

The above-identified application was made or aithorized {0 be made by me.

i balieve that | am the origingl inventor or an criginal joint inventor of a claimed invention in the application.

| hereby acknowledge that any williul false stalement made in this declaration is punishable under 18 U.S.C. 16C1
by fine or imprisonment of not more than five (B} vears, or baoih.

VARNING:

Petitionerfapplicant is cautioned o avoid subraitling parsonal information in docurnents fied in a patent application that ray
contripute to identity thefl. Personal information such as social security numbers, bank account numbers, or credit card numbers
{other than a check or credit card authorization form PTC-2038 submitted for payment purpeses) is never required by the USPTC
to suppoerd a patilion or an application. f this type of personal infermation is inciuded in documents submilted 1o the USFTO,
peliticners/applicants should consider redacting such persenal information from the documents before submitling them o the
USPTQO. Petitionerfapplicant is advised that the record of a patent application is availabiz o the public after pubiication of the
application (unless a non-publication reguest in compliance with 37 CFR 1.213(a} is made in the appiication) or issuance of &
patent. Furthermore, the record from an abandoned application may aiso be available to the pubiic if the application is
raferanced in a published application or an issued patent (see 37 CFR 1.14). Checks and crediit card auth icn forms
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

fnvanior

David Towmiey Date (Optional)

7

. ot g
Signature, e

)

Note: An application daia sheet (FTO/SB/14 or equivalent), inciuding naraing the entire inveniive entity, must accompany this fonm or must bave
been previously filed. Use an additional FTO/AIA/DT form for each additional inventor.

A Federal agency may not condust or sponsor, and & persern is not required to respond 1o, nor shall 3 person be subject to 2 penaity for failure to
somply with an information collestion subjest fo the requirements of the Paperwerk Redustion Act of 1995, uniess the information collestisn has a
surrntly vaiid OME Contrel Number. The OMB Control Number for this information ooliection is 06581-0032. Public burden for this form is
estimated fo average 1 minute per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintzining the data needed, and sompleting and reviswing the information oollaction. Send comments regarding this burden estimate or any
other aspect of this information sollection, including suggestions for redusing this burden to the Chief Administrative Officer, United States Patent
and Trademark Office, P O, Rox 1450, Alexandria, VA 22313-1450 or email InformationCollection@uspto.gov, DG NOT SEND FEEQ OR
COMPLETED FORMS TO THIC ADDRESS, [f filing this completed form by mall, send fo! Commissioner for Patents, P.O. Box 1488,
Alexandria, WA 23313-1450.

if you need assistance in completing the forin, call 1-300-FT0-8186 and select oplion 2.
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PTO/AIA/14 (01-22)
Approved for use through 05/31/2024. 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 | NEURE-008/03US 35242/151
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention SYSTEMS AND METHODS FOR IMPROVING SLEEP WITH THERAPEUTIC NASAL TREATMENT

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
David Townley

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

City |[County Clare Country of Residence | IE

Mailing Address of Inventor:

Address 1 Latoon North, Newmarket-on-Fergus

Address 2

City County Clare ‘ State/Province
Postal Code | ‘ Countryi IE

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

Correspondence Information:

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

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

Customer Number 21710

Email Address ip@brownrudnick.com

Application Information:

Title of the Invention SYSTEMS AND METHODS FOR IMPROVING SLEEP WITH THERAPEUTIC NASAL TREATMENT
Attorney Docket Number| NEURE-008/03US 35242/151 Small Entity Status Claimed

Application Type Nonprovisional

Subject Matter Utility

Total Number of Drawing Sheets (if any) 23 Suggested Figure for Publication (if any)

EFS Web 2.2.13
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PTO/AIA/14 (01-22)

Approved for use through 05/31/2024. 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 | NEURE-008/03US 35242/151
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | SYSTEMS AND METHODS FOR IMPROVING SLEEP WITH THERAPEUTIC NASAL TREATMENT

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). )
|

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

Publication Information:

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

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

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

Representative Information:

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

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

Please Select One: (® Customer Number | (O Us Patent Practitioner | (O Limited Recognition (37 CFR 11.9)

Customer Number 21710

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 | Pending

Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
Continuation of 17/225560 2021-04-08

EFS Web 2.2.13
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PTO/AIA/14 (01-22)

Approved for use through 05/31/2024. 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 | NEURE-008/03US 35242/151
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | SYSTEMS AND METHODS FOR IMPROVING SLEEP WITH THERAPEUTIC NASAL TREATMENT

Prior Application Status | Expired

Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
171225560 Claims benefit of provisional 63/007584 2020-04-09

Additional Domestic Benefit/National Stage Data may be generated within this form
by selecting the Add button.

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

Application Number Countryi Filing Date (YYYY-MM-DD) Access Codeé' (if applicable)

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

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.

EFS Web 2.2.13
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PTO/AIA/14 (01-22)

Approved for use through 05/31/2024. 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 | NEURE-008/03US 35242/151

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | SYSTEMS AND METHODS FOR IMPROVING SLEEP WITH THERAPEUTIC NASAL TREATMENT

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 the European Patent Office (EPO), the Japan Patent Office
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People’s Republic of
China (SIPO), the World Intellectual Property Organization (WIPO), and any other 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.
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PTO/AIA/14 (01-22)

Approved for use through 05/31/2024. 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 | NEURE-008/03US 35242/151

Application Data Sheet 37 CFR 1.76 —
Application Number

Title of Invention | SYSTEMS AND METHODS FOR IMPROVING SLEEP WITH THERAPEUTIC NASAL TREATMENT

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.

(® 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 Neurent Medical Limited

Mailing Address Information For Applicant:

Address 1 No. 1 Oran Point

Address 2 Main Street

City Oranmore, Galway State/Province
Country’ | IE Postal Code
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.

EFS Web 2.2.13
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PTO/AIA/14 (01-22)

Approved for use through 05/31/2024. 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 | NEURE-008/03US 35242/151

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | SYSTEMS AND METHODS FOR IMPROVING SLEEP WITH THERAPEUTIC NASAL TREATMENT

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.

Prefix Given Name Middle Name Family Name Suffix

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City State/Province
Country Postal Code
Phone Number Fax Number

Email Address

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

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 (/Matthew P. York/ Date (YYYY-MM-DD)| 2024-01-12

First Name | Matthew Last Name | York Registration Number | 66,470

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

EFS Web 2.2.13
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PTO/AIA/14 (01-22)

Approved for use through 05/31/2024. 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.

L Attorney Docket Number
Application Data Sheet 37 CFR 1.76

NEURE-008/03US 35242/151

Application Number

Title of Invention | SYSTEMS AND METHODS FOR IMPROVING SLEEP WITH THERAPEUTIC NASAL TREATMENT

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.
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Privacy Act Statement

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

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

1

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

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

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

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

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

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security review (35 U.5.C. 181)
and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

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

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

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the USPTO becomes
aware of a violation or potential violation of law or regulation.
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SYSTEMS AND METHODS FOR IMPROVING SLEEP WITH
THERAPEUTIC NASAL TREATMENT

Cross-reference to Related Applications

This application is a continuation of U.S. Patent Application No. 17/225,560, filed April
8, 2021, which claims the benefit of, and priority to, U.S. Provisional Patent Application No.
63/007,584, filed April 9, 2020, the contents of which are incorporated by reference.

Field of the Invention

The invention generally relates to systems and methods for improving sleep by treating at
least one of rhinitis, congestion, and/or rhinorrhea to thereby reduce or eliminate symptoms
associated therewith, including, but not limited to, nasal congestion, coughing, sneezing, and

nasal or throat irritation and itching.

Background

Many people suffer from breathing issues as a result of various health-related problems.
For example, rhinitis is an inflammatory disease of the nose and is reported to affect up to 40%
of the population. It is the fifth most common chronic disease in the United States. Allergic
rhinitis accounts for up to 65% of all rhinitis patients. Allergic rhinitis is an immune response to
an exposure to allergens, such as airborne plant pollens, pet dander or dust. As non-allergic
rhinitis is not an immune response, its symptoms are not normally seasonal and are often more
persistent.

The most common and impactful symptoms of rhinitis (both allergic and non-allergic)
include a runny nose, coughing, sneezing, nasal and/or throat irritation and itching, and overall
general congestion of the nasal passage. As aresult, sleep problems are very common in
individuals suffering from rhinitis, as such symptoms impact a person's ability to either fall
asleep or remain asleep for adequate periods of time. In addition, sleep problems are linked with
fatigue and daytime sleepiness, as well as decreased productivity at work or school, impaired
learning and memory, depression, and a reduced quality of life.

For example, most individuals suffering from rhinitis are unable to breathe efficiently

through their nose due to restricted nasal passages, and are prone to breathe through their mouth.
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Studies have established that nocturnal mouth breathing is a primary cause of loud snoring,
which is a precursor to sleep apnea, and sleep apnea is a precursor to heart attacks. Due to the
lack of proper oxygenation, the ability to deliver fully oxygenated blood to the cells is also
greatly reduced. In contrast, proper nose breathing delivers fully oxygenated blood to the body,
reduces hypertension and stress, and promotes cardiovascular health. Thus, proper nose
breathing is essential for one's wellbeing.

Conventional nose breathing aids may provide relief from restricted breathing, but such
relief is temporary. For example, traditional aids include nasal sprays, and various types of nasal
dilators, sinus cones, nasal strips, and springs to hold nasal passages open. The disadvantage of
most nose mounted dilators, particularly those mounted within the nasal cavity, is that while
most of them dilate the nasal passages, the product itself becomes a new obstruction, and is most
noticeable during exhalation. Upon exhalation, the user will experience the deflection of hoi
breath against the apparatus. Consequently, this apparatus can become bothersome, and will
generally not be worn for extended periods of time, thereby forfeiting the benefits of enhanced
nose breathing.

Similarly, while allergen avoidance and pharmacotherapy are relatively effective in the
majority of mild cases of rhinitis, such medications need to be taken on a long-term basis,
incurring costs and side effects and often have suboptimal efficacy. For example,
pharmaceutical agents prescribed for rhinosinusitis have limited efficacy and undesirable side
effects, such as sedation, irritation, impairment to taste, sore throat, dry nose, and other side
effects.

There are two modern surgical options: the delivery of thermal energy to the inflamed
soft tissue, resulting in scarring and temporary volumetric reduction of the tissue to improve
nasal airflow; and microdebrider resection of the inflamed soft tissue, resulting in the removal of
tissue to improve nasal airflow. Both options address congestion as opposed to rhinorrhea and
have risks ranging from bleeding and scarring to the use of general anesthetic. Accordingly,
current surgical options fail to adequately address the various conditions and the associated

symptoms causing breathing issues.

Summary

The invention recognizes that a problem with current aids and surgical procedures is that
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such products and procedures are either temporary or are not accurate and cause significant
collateral damage in order to treat rhinitis and further fail to adequately treat the underlying
symptoms and thus further fail to address sleeping problems.

The invention solves that problem by providing treatment devices having a combination
of unique components, including an elongate body (which may be in the form of a shaft or
sheath, or other elongate body), a retractable and expandable multi-segment end effector, and
handle, that, as a whole, provide a high level of precise control and feedback to an operator
during a procedure. In particular, the elongate body is configured to not only aid an operator in
the positioning and delivery of the multi-segment end effector to a desired target site within the
nasal cavity, but further includes an electrode array provided along a length thereof that is
configured to deliver energy to specific target sites within the nasal passage and nasal cavity, in
conjunction with neuromodulation provided by the multi-segment end effector. The multi-
segment end effector is configured to complement anatomy at multiple different locations within
the nasal cavity. The handle is configured with multiple ergonomic and functional features that
improve device use and feedback, such as independent control of deployment of the end effector
and energy delivery and a shape associated with the architecture of the end effector in the
deployed configuration. The handle may also include one or more markings that provide a user
with a spatial orientation of the end effector while the end effector is in a nasal cavity.

In that manner, the present invention provides devices that are capable of highly
conforming to anatomical variations within a nasal passage and nasal cavity while providing
unprecedented control and guidance to an operator so that an operator can perform an accurate,
minimally invasive, and localized application of energy to one or more target sites within the
nasal passage and nasal cavity to cause multi-point interruption of neural signal without causing
collateral damage or disruption to other neural structures.

Unlike other surgical treatments for rhinitis, the devices of the invention are minimally
invasive. Accordingly, a procedure can be performed in an office environment under local
anesthetic. The multi-segment end-effector allows for targeting the autonomic supply to the
nasal turbinates and will have a positive impact on both allergic and non-allergic rhinitis. Using
this approach, it is expected that devices of the invention will be able to provide long-term
symptom relief (e.g., years instead of months). Since the treatment is accurate with minimal

collateral damage to the surrounding tissue, patients will begin to feel symptom relief
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immediately following the treatment. It is fully expected that patients will be removed from their
pharmacotherapies following this therapy.

The systems and methods of the present invention include a handheld device comprising
a retractable and expandable multi-segment end effector that, once delivered to the one more
target sites within the nasal cavity, can expand to a specific shape and/or size corresponding to
anatomical structures within the nasal cavity and associated with the target sites. In particular,
the end effector includes at least a first flexible segment and a second flexible segment, each of
which includes a specific geometry when in a deployed configuration to complement anatomy of
respective locations within the nasal cavity. Once deployed, the first and second segments
contact and conform to a shape of the respective locations, including conforming to and
complementing shapes of one or more anatomical structures at the respective locations. In turn,
the first and second segments become accurately positioned within the nasal cavity to
subsequently deliver, via one or more electrodes, precise and focused application of RF thermal
energy to the one or more target sites to thereby therapeutically modulate associated neural
structures. More specifically, the first and second segments have shapes and sizes when in the
expanded configuration that are specifically designed to place portions of the first and second
segments, and thus one or more electrodes associated therewith, into contact with target sites
within nasal cavity associated with postganglionic parasympathetic fibers that innervate the nasal
mucosa.

The handheld device further includes an elongate body operably associated with the end
effector and a handle operably associated with the elongate body. The elongate body may be in
the form of a shaft or sheath (or other elongate body operably associated with or coupled to the
end effector). The elongate body may include a pre-defined shape (i.e., bent or angled at a
specific orientation) so as to assist the surgeon (or other medical professional) for placement of
the end effector at the target sites. The elongate body further includes one or more electrodes
provided on one or respective portions along a length thereof and can be used to deliver energy
to tissue adjacent to, or in contact with, such portions of the elongate body. For example, in
some embodiments, the elongate body may reside with a portion of the nasal cavity proximate to
the inferior turbinate upon advancing and deploying the multi-segment end effector in the
desired location (i.e., a target site associated with a sphenopalatine foramen within the nasal

cavity of the patient). Accordingly, in addition to delivering energy from the electrodes of the
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multi-segment end effector, the surgeon may also activate and deliver energy from electrodes
associated with the elongate body to tissue associated with the inferior turbinate. Such energy
may be delivered at a level sufficient to reduce engorgement of tissue associated with the inferior
turbinate to thereby increase volumetric flow through a nasal passage of the patient and improve
a patient's ability to breathe.

Accordingly, the treatment device of the present invention recognizes the desire or need
to treat larger areas within the nasal cavity or passage that are located outside of a treatment zone
associated with the end effector. For example, when performing surgical procedures using
current rhinitis treatment devices, the surgeon must reposition an end effector when attempting to
treat multiple areas within the nasal cavity, particularly those areas that are located outside of any
given treatment zone. The need to reposition the end effector multiple times during a given
procedure can lead to inaccuracy when delivering energy, resulting in unintended collateral
damage, and further increases the time in which it takes to complete a given procedure. The
treatment device of the present invention recognizes and addresses this problem by providing an
elongate body including one or more electrodes thereon, in addition to a multi-segment end
effector operably associated with the elongate body and including separate electrodes thereon.
Accordingly, the elongate body serves to not only aid in positioning and delivering the end
effector to a desired target site (to which the end effector may deliver energy), but the elongate
body can also deliver energy to a target site that is separate and remote from the end effector.
Such a design improves the efficiency with which a given procedure can be accomplished,
particularly those procedures requiring treatment to multiple, separate areas within the nasal
cavity or passage.

The handle includes an ergonomically-designed grip portion which provides
ambidextrous use for both left and right handed use and conforms to hand anthropometrics to
allow for at least one of an overhand grip style and an underhand grip style during use in a
procedure. The handle further includes multiple user-operated mechanisms, including at least a
first mechanism for deployment of the end effector from the retracted configuration to the
expanded deployed configuration and a second mechanism for controlling of energy output by
the end effector. The user inputs for the first and second mechanisms are positioned a sufficient
distance to one another to allow for simultaneous one-handed operation of both user inputs

during a procedure. Accordingly, the handle accommodates various styles of grip and provides a

Aerin Exhibit 1011, Page 2100 of 2183
Aerin Medical Inc. v. Neurent Medical Ltd.
IPR2025-01127



10

15

20

25

30

Attorney Docket No.: NEURE-008/03US 35242/151

degree of comfort for the surgeon, thereby further improving execution of the procedure and
overall outcome. Furthermore, the handle and/or the elongate body may include markings (e.g.,
text, symbols, color-coding insignia, etc.) that provide a surgeon with a spatial orientation of the
end effector while the end effector is in a nasal cavity. In particular, multiple markings may be
provided on the handle and/or elongate body and provide a visual indication of the spatial
orientation of one or more portions of the first segment and second segment of the end effector
when in the deployed configurations. Thus, during initial placement of the end effector, when in
a retracted configuration and enclosed within the elongate body, a surgeon can rely on the
markings on the handle and/or elongate body as a visual indication of the spatial orientation of
the end effector (e.g., linear, axial, and/or depth position) prior to deployment to thereby ensure
that, once deployed, the end effector, including both the first and second segments, are
positioned in the intended locations within the nasal cavity.

Accordingly, the handheld device of the present invention provides a surgeon with a user-
friendly, non-invasive, and precise means for treating rhinorrhea and other symptoms of
rhinosinusitis, notably nasal congestion, coughing, sneezing, and nasal and throat irritation, to
thereby improve a patient's sleep (i.e., improve a patient's nasal breathability to increase chances
of successfully falling asleep and remaining asleep for adequate periods of time). By improving
one's sleep, the systems and methods of the present invention can further improve one's overall
quality of life by reducing the subsequent issues commonly associated with poor sleep, such as
fatigue and daytime sleepiness, as well as decreased productivity at work or school, impaired
learning and memory, and depression.

The handheld device provides for the precise and focused application of energy to the
intended target sites for therapeutic modulation of the intended structures, including, but not
limited to, engorged sub-mucosal tissue as well as neural structures without causing collateral
and unintended damage or disruption to other structures. In particular, by targeting only those
specific structures associated with such conditions, notably tissue responsible for providing
engorgement of certain structures (i.e., inferior and middle turbinates) and postganglionic
parasympathetic nerves innervating nasal mucosa, thereby reducing engorgement of inferior
turbinate tissue to thereby increase volumetric flow through a nasal passage of the patient as well
as disrupting the parasympathetic nerve supply and interrupting parasympathetic tone. The

device further allows for treatment of multiple areas within the nasal passage and/or nasal cavity
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that would normally require repositioning of an end effector due to their separated locations. In
particular, inclusion of an elongate body with a dedicated set of electrodes, in addition to the
multi-segment end effector with its own set of electrodes, allows for two separate target sites to
receive treatment simultaneously, thereby reducing the need to reposition the end effector.
Accordingly, such treatment is effective at treating rhinosinusitis conditions while greatly
reducing the risk of causing lateral damage or disruption to other tissues, including other nerve
fibers, thereby reducing the likelihood of unintended complications and side effects.

One aspect of the invention provides a method for improving a patient's sleep by treating
at least one of rhinitis, congestion, and rhinorrhea within a sino-nasal cavity of the patient. The
method includes delivering energy to one or more target sites within a sino-nasal cavity of the
patient to disrupt multiple neural signals to, and/or result in local hypoxia of, mucus producing
and/or mucosal engorgement elements, thereby reducing production of mucus and/or mucosal
engorgement within a nose of the patient and reducing or eliminate one or more symptoms
associated with at least one of rhinitis, congestion, and rhinorrhea to improve nasal breathability
of the patient. The one or more symptoms associated with at least one of rhinitis, congestion,
and rhinorrhea are selected from the group consisting of nasal congestion, coughing, sneezing,
and nasal or throat irritation and itching.

In some embodiments, the step of delivering energy results in ablation of targeted tissue
at one or more locations to thereby disrupt the multiple neural signals to the mucus producing
and/or mucosal engorgement elements within the nose. For example, the targeted tissue may be
associated with one or more target sites proximate or inferior to a sphenopalatine foramen. The
energy may be delivered at a level sufficient to therapeutically modulate postganglionic
parasympathetic nerves innervating nasal mucosa at foramina and or microforamina of a palatine
bone of the patient. As a result, the energy delivered may cause multiple points of interruption
of neural branches extending through foramina and microforamina of palatine bone.

In some embodiments, the step of delivering energy results in ablation of targeted tissue
at one or more locations to thereby result in local hypoxia of the mucus producing and/or
mucosal engorgement elements within the nose. For example, in some embodiments, the
ablation of targeted tissue may cause thrombus formation within one or more blood vessels
associated with mucus producing and/or mucosal engorgement elements within the nose. As

such, the resulting local hypoxia of the mucus producing and/or mucosal engorgement elements
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may result in decreased mucosal engorgement to thereby increase volumetric flow through a
nasal passage of the patient.

In some embodiments, the ablation is thermal ablation. The thermal ablation may include
cyro-ablation, for example. In other embodiments, the ablation may be caused by delivery of
radiofrequency (RF) energy.

In some embodiments, the ablation may be caused by a treatment device comprising a
handle, an elongate body extending therefrom, and a retractable and expandable end effector
operably associated with the elongate body. Accordingly, during a procedure, the method may
include advancing the end effector into the sino-nasal cavity under image guidance. The handle
may generally control transformation of the end effector from a retracted state to an expanded
state. The end effector may include a plurality of energy delivery elements provided thereon,
such as electrodes, for example.

When in the expanded state, the end effector may generally position one or more of the
plurality of energy delivery elements relative to the one or more target sites. In some
embodiments, the end effector includes a proximal segment that is spaced apart from a separate
distal segment. In some embodiments, the proximal segment may include a first set of flexible
support elements arranged in a deployed configuration to fit around at least a portion of a middle
turbinate at an anterior position relative to a lateral attachment and a posterior-inferior edge of
the middle turbinate and position one or more energy delivery elements into contact with one or
more respective tissue locations associated with the middle turbinate and the distal segment may
include a second set of flexible support elements configured in a deployed configuration to
position one or more energy delivery elements into contact with one or more respective tissue
locations in a cavity at a posterior position relative to the lateral attachment and posterior-inferior
edge of the middle turbinate.

In some embodiments, the elongate body may include a shaft to which the end effector is
coupled. The shaft includes an outer sheath surrounding a hypotube or metallic member,
wherein at least one of the outer sheath and hypotube and metallic member includes the one or
more energy delivering elements provided thereon. Yet still, in other embodiments, the elongate
body may include one or more of a plurality of support elements forming at least a portion of the
end effector. The energy delivering elements of the elongate body may be configured to deliver

energy at one or more target sites associated with an inferior or middle turbinate within the sino-
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nasal cavity of the patient at a level sufficient to reduce engorgement of tissue associated

therewith to thereby increase volumetric flow through a nasal passage of the patient.

Brief Description of the Drawings

FIGS. 1A and 1B are diagrammatic illustrations of a therapeutic neuromodulation system
for treating a condition within a nasal cavity using a handheld device according to some
embodiments of the present disclosure.

FIG. 2 is a diagrammatic illustration of the console coupled to the handheld
neuromodulation device consistent with the present disclosure, further illustrating a multi-
segment end effector of the handheld device for delivering energy, via proximal and distal
segments, to tissue at the one or more target sites within the nasal cavity.

FIG. 3A is a cut-away side view illustrating the anatomy of a lateral nasal wall.

FIG. 3B is an enlarged side view of the nerves of the lateral nasal wall of FIG. 1A.

FIG. 3C is a front view of a left palatine bone illustrating geometry of microforamina in
the left palatine bone.

FIG. 4 is a side view of one embodiment of a handheld device for providing therapeutic
nasal neuromodulation consistent with the present disclosure.

FIG. 5A is an enlarged, perspective view of the multi-segment end effector illustrating
the first (proximal) segment and second (distal) segment.

FIG. 5B is an exploded, perspective view of the multi-segment end effector.

FIG. 5C is an enlarged, top view of the multi-segment end effector.

FIG. 5D is an enlarged, side view of the multi-segment end effector.

FIG. SE is an enlarged, front (proximal facing) view of the first (proximal) segment of
the multi-segment end effector.

FIG. 5F is an enlarged, front (proximal facing) view of the second (distal) segment of the
multi-segment end effector.

FIG. 6 is a perspective view, partly in section, of a portion of a support element
illustrating an exposed conductive wire serving as an energy delivery element or electrode
element.

FIG. 7 is a cross-sectional view of a portion of the shaft of the handheld device taken

along lines 7-7 of FIG. 4.
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FIG. 7A is a side view of the shaft and multi-segment end effector extending from a
distal end thereof, further illustrating a plurality of electrodes provided on separate respective
portions of the shaft.

FIG. 7B is a sectional view of the shaft illustrating one embodiment in which a plurality
of electrodes are embedded within the outer sheath of the shaft.

FIG. 7C is a sectional view of the shaft illustrating another embodiment in which a
plurality of electrodes are provided on the hypotube and associated portions of the outer sheath
are absent or removed to thereby expose the underlying electrodes on the hypotube.

FIG. 7D is a perspective view of a length of the shaft illustrating exposed portions of the
outer sheath to reveal the underlying electrodes provided on the hypotube.

FIG. 7E is a sectional view of the shaft illustrating another embodiment in which a
plurality of electrodes are provided on one or more support elements extending through the
hypotube, portions of which form the end effector.

FIG. 7F is an enlarged, perspective view of the multi-segment end effector extending
from the shaft and illustrating the plurality of electrodes provided on the support elements.

FIG. 7G is a cross-sectional view of the shaft illustrating exemplary portions of the shaft
that are retractable and expandable.

FIG. 8 is a side view of the handle of the handheld device.

FIG. 9 is a side view of the handle illustrating internal components enclosed within.

FIG. 10is a side view of the handle illustrating multiple markings on a portion of the
handle for providing a user with a spatial orientation of the end effector while the end effector is
in a nasal cavity.

FIG. 11 is a perspective view of the shaft illustrating multiple markings on a distal
portion thereof for providing a user with a spatial orientation of the end effector while the end
effector is in a nasal cavity.

FIG. 12 is a partial cut-away side views illustrating one approach for delivering a shaft
and an associated end effector to respective target sites within a nasal region in accordance with
embodiments of the present disclosure.

FIG. 13 is a flow diagram illustrating one embodiment of a method for treating a

condition within a nasal cavity of a patient.
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FIG. 14 is a flow diagram illustrating another embodiment of a method for treating a
condition within a nasal cavity of a patient.

FIG. 15 is a flow diagram illustrating another embodiment of a method for treating a
condition within a nasal cavity of a patient.

FIG. 16 is a flow diagram illustrating another embodiment of a method for treating a
condition within a sino-nasal cavity of a patient.

FIG. 17 is a flow diagram illustrating an embodiment of a method for improving a
patient's sleep by treating at least one of rhinitis, congestion, and rhinorrhea within a sino-nasal

cavity of the patient.

Detailed Description

There are various conditions related to the nasal cavity which may impact breathing and
other functions of the nose. One of the more common conditions is rhinitis, which is defined as
inflammation of the membranes lining the nose. The symptoms of rhinitis include nasal
blockage, obstruction, congestion, nasal discharge (e.g., rhinorrhea and/or posterior nasal drip),
facial pain, facial pressure, and/or reduction or complete loss of smell and/or taste. Sinusitis is
another common condition, which involves an inflammation or swelling of the tissue lining the
sinuses, and results in similar symptoms as rhinitis, and may further lead to infection if left
untreated or if it persists for prolonged periods of time. Rhinitis and sinusitis are frequently
associated with one another, as sinusitis is often preceded by rhinitis. Accordingly, the term
rhinosinusitis is often used to describe both conditions.

As a result of such symptoms, many who suffer from rhinosinusitis also have sleeping
difficulties (i.e., difficulty falling asleep and/or remaining asleep). Sleep is a vital component of a
person's overall health and well-being. Studies have shown that sleep problems are linked with
fatigue and daytime sleepiness, as well as decreased productivity at work or school, impaired
learning and memory, depression, and a reduced quality of life.

Depending on the duration and type of systems, rhinosinusitis can fall within different
subtypes, including allergic rhinitis, non-allergic rhinitis, chronic rhinitis, acute rhinitis, recurrent
rhinitis, chronic sinusitis, acute sinusitis, recurrent sinusitis, and medical resistant rhinitis and/or
sinusitis, in addition to combinations of one or more of the preceding conditions. It should be

noted that an acute rhinosinusitis condition is one in which symptoms last for less than twelve
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weeks, whereas a chronic rhinosinusitis condition refers to symptoms lasting longer than twelve
weeks.

A recurrent rhinosinusitis condition refers to four or more episodes of an acute
rhinosinusitis condition within a twelve-month period, with resolution of symptoms between
each episode. There are numerous environmental and biological causes of rhinosinusitis. Non-
allergic rhinosinusitis, for example, can be caused by environmental irritants, medications, foods,
hormonal changes, and/or nasal septum deviation. Triggers of allergic rhinitis can include
exposure to seasonal allergens, perennial allergens that occur any time of year, and/or
occupational allergens. Accordingly, rhinosinusitis affects millions of people and is a leading
cause for patients to seek medical care.

The invention recognizes that a problem with current aids and surgical procedures is that
such products and procedures are either temporary or are not accurate and cause significant
collateral damage in order to treat rhinitis and further fail to adequately treat the underlying
symptoms and thus further fail to address sleeping problems.

The invention solves that problem by providing treatment devices having a combination
of unique components, including an elongate body (which may be in the form of a shaft or
sheath, or other elongate body), a retractable and expandable multi-segment end effector, and
handle, that, as a whole, provide a high level of precise control and feedback to an operator
during a procedure. In particular, the elongate body is configured to not only aid an operator in
the positioning and delivery of the multi-segment end effector to a desired target site within the
nasal cavity, but further includes an electrode array provided along a length thereof that is
configured to deliver energy to specific target sites within the nasal passage and nasal cavity, in
conjunction with neuromodulation provided by the multi-segment end effector. The multi-
segment end effector is configured to complement anatomy at multiple different locations within
the nasal cavity. The handle is configured with multiple ergonomic and functional features that
improve device use and feedback, such as independent control of deployment of the end effector
and energy delivery and a shape associated with the architecture of the end effector in the
deployed configuration. The handle may also include one or more markings that provide a user
with a spatial orientation of the end effector while the end effector is in a nasal cavity.

In that manner, the present invention provides devices that are capable of highly

conforming to anatomical variations within a nasal passage and nasal cavity while providing
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unprecedented control and guidance to an operator so that an operator can perform an accurate,
minimally invasive, and localized application of energy to one or more target sites within the
nasal passage and nasal cavity to cause multi-point interruption of neural signal without causing
collateral damage or disruption to other neural structures.

Unlike other surgical treatments for rhinitis, the devices of the invention are minimally
invasive. Accordingly, a procedure can be performed in an office environment under local
anesthetic. The multi-segment end-effector allows for targeting the autonomic supply to the
nasal turbinates and will have a positive impact on both allergic and non-allergic rhinitis. Using
this approach, it is expected that devices of the invention will be able to provide long-term
symptom relief (e.g., years instead of months). Since the treatment is accurate with minimal
collateral damage to the surrounding tissue, patients will begin to feel symptom relief
immediately following the treatment. It is fully expected that patients will be removed from their
pharmacotherapies following this therapy.

The treatment devices of the present invention provides a surgeon with a user-friendly,
non-invasive, and precise means for treating rhinorrhea and other symptoms of rhinosinusitis,
notably nasal congestion, coughing, sneezing, and nasal and throat irritation, to thereby improve
a patient's sleep (i.e., improve a patient's nasal breathability to increase chances of successfully
falling asleep and remaining asleep for adequate periods of time). By improving one's sleep, the
systems and methods of the present invention can further improve one's overall quality of life by
reducing the subsequent issues commonly associated with poor sleep, such as fatigue and
daytime sleepiness, as well as decreased productivity at work or school, impaired learning and
memory, and depression.

The treatment devices provide for the precise and focused application of energy to the
intended target sites for therapeutic modulation of the intended structures, including, but not
limited to, engorged sub-mucosal tissue as well as neural structures without causing collateral
and unintended damage or disruption to other structures. In particular, by targeting only those
specific structures associated with such conditions, notably tissue responsible for providing
engorgement of certain structures (i.e., inferior and middle turbinates) and postganglionic
parasympathetic nerves innervating nasal mucosa, thereby reducing engorgement of inferior
turbinate tissue to thereby increase volumetric flow through a nasal passage of the patient as well

as disrupting the parasympathetic nerve supply and interrupting parasympathetic tone. The
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device further allows for treatment of multiple areas within the nasal passage and/or nasal cavity
that would normally require repositioning of an end effector due to their separated locations. In
particular, inclusion of an elongate body with a dedicated set of electrodes, in addition to the
multi-segment end effector with its own set of electrodes, allows for two separate target sites to
receive treatment simultaneously, thereby reducing the need to reposition the end effector.
Accordingly, such treatment is effective at treating rhinosinusitis conditions while greatly
reducing the risk of causing lateral damage or disruption to other tissues, including other nerve
fibers, thereby reducing the likelihood of unintended complications and side effects.

For example, the systems and methods of the present invention include a handheld device
comprising a retractable and expandable multi-segment end effector that, once delivered to the
one more target sites within the nasal cavity, can expand to a specific shape and/or size
corresponding to anatomical structures within the nasal cavity and associated with the target
sites. In particular, the end effector includes at least a first flexible segment and a second
flexible segment, each of which includes a specific geometry when in a deployed configuration
to complement anatomy of respective locations within the nasal cavity. Once deployed, the first
and second segments contact and conform to a shape of the respective locations, including
conforming to and complementing shapes of one or more anatomical structures at the respective
locations. In turn, the first and second segments become accurately positioned within the nasal
cavity to subsequently deliver, via one or more electrodes, precise and focused application of RF
thermal energy to the one or more target sites to thereby therapeutically modulate associated
neural structures. More specifically, the first and second segments have shapes and sizes when
in the expanded configuration that are specifically designed to place portions of the first and
second segments, and thus one or more electrodes associated therewith, into contact with target
sites within nasal cavity associated with postganglionic parasympathetic fibers that innervate the
nasal mucosa.

The handheld device further includes an elongate body operably associated with the end
effector and a handle operably associated with the elongate body. The elongate body may be in
the form of a shaft or sheath (or other elongate body operably associated with or coupled to the
end effector). The elongate body may include a pre-defined shape (i.e., bent or angled at a
specific orientation) so as to assist the surgeon (or other medical professional) for placement of

the end effector at the target sites. The elongate body further includes one or more electrodes
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provided on one or respective portions along a length thereof and can be used to deliver energy
to tissue adjacent to, or in contact with, such portions of the elongate body. For example, in
some embodiments, the elongate body may reside with a portion of the nasal cavity proximate to
the inferior turbinate upon advancing and deploying the multi-segment end effector in the
desired location (i.e., a target site associated with a sphenopalatine foramen within the nasal
cavity of the patient). Accordingly, in addition to delivering energy from the electrodes of the
multi-segment end effector, the surgeon may also activate and deliver energy from electrodes
associated with the elongate body to tissue associated with the inferior turbinate. Such energy
may be delivered at a level sufficient to reduce engorgement of tissue associated with the inferior
turbinate to thereby increase volumetric flow through a nasal passage of the patient and improve
a patient's ability to breathe.

Accordingly, the treatment device of the present invention recognizes the desire or need
to treat larger areas within the nasal cavity or passage that are located outside of a treatment zone
associated with the end effector. For example, when performing surgical procedures using
current rhinitis treatment devices, the surgeon must reposition an end effector when attempting to
treat multiple areas within the nasal cavity, particularly those areas that are located outside of any
given treatment zone. The need to reposition the end effector multiple times during a given
procedure can lead to inaccuracy when delivering energy, resulting in unintended collateral
damage, and further increases the time in which it takes to complete a given procedure. The
treatment device of the present invention recognizes and addresses this problem by providing an
elongate body including one or more electrodes thereon, in addition to a multi-segment end
effector operably associated with the elongate body and including separate electrodes thereon.
Accordingly, the elongate body serves to not only aid in positioning and delivering the end
effector to a desired target site (to which the end effector may deliver energy), but the elongate
body can also deliver energy to a target site that is separate and remote from the end effector.
Such a design improves the efficiency with which a given procedure can be accomplished,
particularly those procedures requiring treatment to multiple, separate areas within the nasal
cavity or passage.

It should be noted that, although many of the embodiments are described with respect to
devices, systems, and methods for therapeutically modulating tissue (neural and/or non-neural

tissue) in the nasal region for the treatment of rhinitis, congestion, and/or rhinorrhea, other

15

Aerin Exhibit 1011, Page 2110 of 2183
Aerin Medical Inc. v. Neurent Medical Ltd.
IPR2025-01127



10

15

20

25

30

Attorney Docket No.: NEURE-008/03US 35242/151

applications and other embodiments in addition to those described herein are within the scope of
the present disclosure. For example, at least some embodiments of the present disclosure may be
useful for the treatment of other indications, such as the treatment of chronic sinusitis and
epistaxis. In particular, the embodiments described herein may be configured to treat allergic
rhinitis, non-allergic rhinitis, chronic rhinitis, acute rhinitis, chronic sinusitis, acute sinusitis,
chronic rhinosinusitis, acute rhinosinusitis, and/or medical resistant rhinitis.

It should further be noted that the devices described herein, most notably the elongate
body (which may be in the form of a shaft, outer sheath, hypotube, or other elongate body that is
operably associated with the end effector) may be included and incorporated in any of the
treatment devices, systems, and methods illustrated and described in U.S. Publication Nos.:
2016/0331459; 2018/0133460; 2017/0231651; 2017/0252089; 2018/0177542; 2018/0177546,;
2018/0185085; 2018/0228533; 2018/0317997; 2018/0344378; 2019/0076185; 2019/0175242;
2019/0201069; 2019/0231409; 2019/0282289; 2016/0354136; 2017/0231474; 2018/0078327,
2018/0103994; 2018/0125560; 2018/0153375,; 2018/0317993; 2018/0344411; and
2019/0083157, as well as U.S. Patent Nos.: 8,936,594; 8,986,301; 9,072,597; 9,179,964,
9,179,967: 9,237,924: 9,415,194; 9.433,463; 9,452,010; 9,486,278; 9,526,571; 9,687,296;
9,788,886: 9,801,752; 9,888,957: 9,913,682; 9,943,361 10,028,780; 10,265,115; 10,335,221:
10,376,300; 10,398.489: 10,456,185: 10,456,186; 10,485,603: 7,758,571: 9,687,288: 9,763,723;
9,763,743; 10,028,781; 10,159,538; 10,201,687; 10,307,200; and 10,448,985, the contents of
each of which are incorporated by reference herein in their entireties.

FIGS. 1A and 1B are diagrammatic illustrations of a therapeutic neuromodulation system
100 for treating a condition within a nasal cavity using a handheld device 102 according to some
embodiments of the present disclosure. The system 100 generally includes a neuromodulation
device 102 and a neuromodulation console 104 to which the device 102 is to be connected. FIG.
2 is a diagrammatic illustration of the console 104 coupled to the handheld neuromodulation
device 102. As illustrated, the neuromodulation device 102 is a handheld device, which includes
a retractable and expandable multi-segment end effector 114, a shaft 116 operably associated
with the end effector 114 and a handle 118 operably associated with the shaft 116. The end
effector 114 is configured to be advanced into the nasal cavity of a patient 12 and positioned at a
location associated with one or more target sites to undergo therapeutic neuromodulation

treatment. It should be noted that the terms "end effector" and "therapeutic assembly" may be
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used interchangeably throughout this disclosure.

For example, a surgeon or other medical professional performing a procedure can utilize
the handle 118 to manipulate and advance the shaft 116 within the nasal cavity, wherein the shaft
116 is configured to locate at least a distal portion thereof intraluminally at a treatment or target
site within a nasal region. The one or more target sites may generally be associated with
postganglionic parasympathetic fibers that innervate the nasal mucosa. The target site may be a
region, volume, or area in which the target nerves are located and may differ in size and shape
depending upon the anatomy of the patient. Once positioned, the end effector 114 may be
deployed and subsequently deliver energy to the one or more target sites to thereby
therapeutically modulating nerves of interest, particularly nerves associated with a rhinosinusitis
condition so as to treat such condition. For example, the end effector 114 may include at least
one energy delivery element, such as an electrode, configured to therapeutically modulate the
postganglionic parasympathetic nerves. For example, one or more electrodes may be provided
by one or more portions of the end-effector 114, wherein the electrodes may be configured to
apply electromagnetic neuromodulation energy (e.g., radiofrequency (RF) energy) to target sites.
In other embodiments, the end effector 114 may include other energy delivery elements
configured to provide therapeutic neuromodulation using various other modalities, such as
cryotherapeutic cooling, ultrasound energy (e.g., high intensity focused ultrasound (“HIFU”)
energy), microwave energy (e.g., via a microwave antenna), direct heating, high and/or low
power laser energy, mechanical vibration, and/or optical power.

In some embodiments, the end effector 114 may include one or more sensors (not
shown), such as one or more temperature sensors (e.g., thermocouples, thermistors, etc.),
impedance sensors, and/or other sensors. The sensors and/or the electrodes may be connected to
one or more wires extending through the shaft 116 and configured to transmit signals to and from
the sensors and/or convey energy to the electrodes.

As shown, the device 102 is operatively coupled to the console 104 via a wired
connection, such as cable 120. It should be noted, however, that the device 102 and console 104
may be operatively coupled to one another via a wireless connection. The console 104 is
configured to provide various functions for the neuromodulation device 102, which may include,
but is not limited to, controlling, monitoring, supplying, and/or otherwise supporting operation of

the neuromodulation device 102. For example, when the neuromodulation device 102 is
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configured for electrode-based, heat-element-based, and/or transducer-based treatment, the
console 104 may include an energy generator 106 configured to generate RF energy (e.g.,
monopolar, bipolar, or multi-polar RF energy), pulsed electrical energy, microwave energy,
optical energy, ultrasound energy (e.g., intraluminally-delivered ultrasound and/or HIFU), direct
heat energy, radiation (e.g., infrared, visible, and/or gamma radiation), and/or another suitable
type of energy.

In some embodiments, the console 104 may include a controller 107 communicatively
coupled to the neuromodulation device 102. However, in the embodiments described herein, the
controller 107 may generally be carried by and provided within the handle 118 of the
neuromodulation device 102. The controller 107 is configured to initiate, terminate, and/or
adjust operation of one or more electrodes provided by the end effector 114 directly and/or via
the console 104. For example, the controller 107 can be configured to execute an automated
control algorithm and/or to receive control instructions from an operator (e.g., surgeon or other
medical professional or clinician). For example, the controller 107 and/or other components of
the console 104 (e.g., processors, memory, etc.) can include a computer-readable medium
carrying instructions, which when executed by the controller 107, causes the device 102 to
perform certain functions (e.g., apply energy in a specific manner, detect impedance, detect
temperature, detect nerve locations or anatomical structures, etc.). A memory includes one or
more of various hardware devices for volatile and non-volatile storage, and can include both
read-only and writable memory. For example, a memory can comprise random access memory
(RAM), CPU registers, read-only memory (ROM), and writable non-volatile memory, such as
flash memory, hard drives, floppy disks, CDs, DVDs, magnetic storage devices, tape drives,
device buffers, and so forth. A memory is not a propagating signal divorced from underlying
hardware; a memory is thus non-transitory.

The console 104 may further be configured to provide feedback to an operator before,
during, and/or after a treatment procedure via evaluation/feedback algorithms 110. For example,
the evaluation/feedback algorithms 110 can be configured to provide information associated with
the temperature of the tissue at the treatment site, the location of nerves at the treatment site,
and/or the effect of the therapeutic neuromodulation on the nerves at the treatment site. In
certain embodiments, the evaluation/feedback algorithm 110 can include features to confirm

efficacy of the treatment and/or enhance the desired performance of the system 100. For
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example, the evaluation/feedback algorithm 110, in conjunction with the controller 107, can be
configured to monitor temperature at the treatment site during therapy and automatically shut off
the energy delivery when the temperature reaches a predetermined maximum (e.g., when
applying RF energy) or predetermined minimum (e.g., when applying cryotherapy). In other
embodiments, the evaluation/feedback algorithm 110, in conjunction with the controller 107, can
be configured to automatically terminate treatment after a predetermined maximum time, a
predetermined maximum impedance rise of the targeted tissue (i.e., in comparison to a baseline
impedance measurement), a predetermined maximum impedance of the targeted tissue), and/or
other threshold values for biomarkers associated with autonomic function. This and other
information associated with the operation of the system 100 can be communicated to the operator
via a graphical user interface (GUI) 112 provided via a display on the console 104 and/or a
separate display (not shown) communicatively coupled to the console 104, such as a tablet or
monitor. The GUI 112 may generally provide operational instructions for the procedure, such as
directing the operator to select which nasal cavity to treat, indicating when the device 102 is
primed and ready to perform treatment, and further providing status of therapy during the
procedure, including indicating when the treatment is complete.

For example, in some embodiments, the end effector 114and/or other portions of the
system 100 can be configured to detect various parameters of the heterogeneous tissue at the
target site to determine the anatomy at the target site (e.g., tissue types, tissue locations,
vasculature, bone structures, foramen, sinuses, etc.), locate nerves and/or other structures, and
allow for neural mapping. For example, the end effector 114 may be configured to detect
impedance, dielectric properties, temperature, and/or other properties that indicate the presence
of neural fibers in the target region. As shown in FIG. 1, the console 104 may further include a
monitoring system 108 configured to receive detected electrical and/or thermal measurements of
tissue at the target site taken by the end effector 114, specifically sensed by appropriate sensors
(e.g., temperature sensors and/or impedance sensors), and process this information to identify the
presence of nerves, the location of nerves, and/or neural activity at the target site. The nerve
monitoring system 108 can be operably coupled to the electrodes and/or other features of the end
effector 102 via signal wires (e.g., copper wires) that extend through the cable 120 and through
the length of the shaft 116. In other embodiments, the end effector 114 can be communicatively

coupled to the nerve monitoring system 108 using other suitable communication means.
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The nerve monitoring system 108 can determine neural locations and activity before
therapeutic neuromodulation to determine precise treatment regions corresponding to the
positions of the desired nerves, during treatment to determine the effect of the therapeutic
neuromodulation, and/or after treatment to evaluate whether the therapeutic neuromodulation
treated the target nerves to a desired degree. This information can be used to make various
determinations related to the nerves proximate to the target site, such as whether the target site is
suitable for neuromodulation. In addition, the nerve monitoring system 108 can also compare the
detected neural locations and/or activity before and after therapeutic neuromodulation, and
compare the change in neural activity to a predetermined threshold to assess whether the
application of therapeutic neuromodulation was effective across the treatment site. For example,
the nerve monitoring system 108 can further determine electroneurogram (ENG) signals based
on recordings of electrical activity of neurons taken by the end effector 114 before and after
therapeutic neuromodulation. Statistically meaningful (e.g., measurable or noticeable) decreases
in the ENG signal(s) taken after neuromodulation can serve as an indicator that the nerves were
sufficiently ablated. Additional features and functions of the nerve monitoring system 108, as
well as other functions of the various components of the console 104, including the
evaluation/feedback algorithms 110 for providing real-time feedback capabilities for ensuring
optimal therapy for a given treatment is administered, are described in at least U.S. Publication
No. 2016/0331459 and U.S. Publication No. 2018/0133460, the contents of each of which are
incorporated by reference herein in their entireties.

As will be described in greater detail herein, the neuromodulation device 102 provides
access to target sites deep within the nasal region, such as at the immediate entrance of
parasympathetic fibers into the nasal cavity to therapeutically modulate autonomic activity
within the nasal cavity. In certain embodiments, for example, the neuromodulation device 102
can position the end effector 114 into contact with target sites within nasal cavity associated with
postganglionic parasympathetic fibers that innervate the nasal mucosa.

FIG. 3A is a cut-away side view illustrating the anatomy of a lateral nasal wall and FIG.
3B is an enlarged side view of the nerves of the lateral nasal wall of FIG. 1A. The
sphenopalatine foramen (SPF) is an opening or conduit defined by the palatine bone and the
sphenoid bone through which the sphenopalatine vessels and the posterior superior nasal nerves

travel into the nasal cavity. More specifically, the orbital and sphenoidal processes of the
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perpendicular plate of the palatine bone define the sphenopalatine notch, which is converted into
the SPF by the articulation with the surface of the body of the sphenoid bone.

The location of the SPF is highly variable within the posterior region of the lateral nasal
cavity, which makes it difficult to visually locate the SPF. Typically, the SPF is located in the
middle meatus (MM). However, anatomical variations also result in the SPF being located in the
superior meatus (SM) or at the transition of the superior and middle meatuses. In certain
individuals, for example, the inferior border of the SPF has been measured at about 19 mm above
the horizontal plate of the palatine bone (i.e., the nasal sill), which is about 13 mm above the
horizontal lamina of the inferior turbinate (IT) and the average distance from the nasal sill to the
SPF is about 64.4 mm, resulting in an angle of approach from the nasal sill to the SPA of about
11.4°. However, studies to measure the precise location of the SPF are of limited practical
application due to the wide variation of its location.

The anatomical variations of the SPF are expected to correspond to alterations of the
autonomic and vascular pathways traversing into the nasal cavity. In general, it is thought that
the posterior nasal nerves (also referred to as lateral posterior superior nasal nerves) branch from
the pterygopalatine ganglion (PPG), which is also referred to as the sphenopalatine ganglion,
through the SPF to enter the lateral nasal wall of the nasal cavity, and the sphenopalatine artery
passes from the pterygopalatine fossa through the SPF on the lateral nasal wall. The
sphenopalatine artery branches into two main portions: the posterior lateral nasal branch and the
posterior septal branch. The main branch of the posterior lateral nasal artery travels inferiorly
into the inferior turbinate IT (e.g., between about 1.0 mm and 1.5 mm from the posterior tip of
the inferior turbinate IT), while another branch enters the middle turbinate MT and branches
anteriorly and posteriorly.

Beyond the SPF, studies have shown that over 30% of human patients have one or more
accessory foramen that also carries arteries and nerves into the nasal cavity. The accessory
foramen are typically smaller than the SPF and positioned inferior to the SPF. For example,
there can be one, two, three or more branches of the posterior nasal artery and posterior nasal
nerves that extend through corresponding accessory foramen. The variability in location, size,
and quantity associated with the accessory foramen and the associated branching arteries and
nerves that travel through the accessory foramen gives rise to a great deal of uncertainty

regarding the positions of the vasculature and nerves of the sphenopalatine region. Furthermore,
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the natural anatomy extending from the SPF often includes deep inferior and/or superior grooves
that carry neural and arterial pathways, which make it difficult to locate arterial and neural
branches. For example the grooves can extend more than 5 mm long, more than 2 mm wide, and
more than 1 mm deep, thereby creating a path significant enough to carry both arteries and
nerves. The variations caused by the grooves and the accessory foramen in the sphenopalatine
region make locating and accessing the arteries and nerves (positioned posterior to the arteries)
extremely difficult for surgeons.

Recent microanatomic dissection of the pterygopalatine fossa (PPF) have further
evidenced the highly variable anatomy of the region surrounding the SPF, showing that a
multiplicity of efferent rami that project from the pterygopalatine ganglion (PPG) to innervate
the orbit and nasal mucosa via numerous groups of small nerve fascicles, rather than an
individual postganglionic autonomic nerves (e.g., the posterior nasal nerve). Studies have shown
that at least 87% of humans have microforamina and micro rami in the palatine bone.

FIG. 3C, for example, is a front view of a left palatine bone illustrating geometry of
microforamina and micro rami in a left palatine bone. In FIG. 3C, the solid regions represent
nerves traversing directly through the palatine bone, and the open circles represent nerves that
were associated with distinct microforamina. As such, FIG. 3C illustrates that a medial portion
of the palatine bone can include at least 25 accessory posterolateral nerves.

The respiratory portion of the nasal cavity mucosa is composed of a type of ciliated
pseudostratified columnar epithelium with a basement membrane. Nasal secretions (e.g., mucus)
are secreted by goblet cells, submucosal glands, and transudate from plasma. Nasal seromucous
glands and blood vessels are highly regulated by parasympathetic innervation deriving from the
vidian and other nerves. Parasympathetic (cholinergic) stimulation through acetylcholine and
vasoactive intestinal peptide generally results in mucus production. Accordingly, the
parasympathetic innervation of the mucosa is primarily responsible submucosal gland
activation/hyper activation, venous engorgement (e.g., congestion), and increased blood flow to
the blood vessels lining the nose. Accordingly, severing or modulating the parasympathetic
pathways that innervate the mucosa are expected to reduce or eliminate the hyper activation of
the submucosal glands and engorgement of vessels that cause symptoms associated with

rhinosinusitis and other indications.
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As previously described herein, postganglionic parasympathetic fibers that innervate the
nasal mucosa (i.e., posterior superior nasal nerves) were thought to travel exclusively through the
SPF as a sphenopalatine neurovascular bundle. The posterior nasal nerves are branches of the
maxillary nerve that innervate the nasal cavity via a number of smaller medial and lateral
branches extending through the mucosa of the superior and middle turbinates ST, MT (i.e., nasal
conchae) and to the nasal septum. The nasopalatine nerve is generally the largest of the medial
posterior superior nasal nerves, and it passes anteroinferiorly in a groove on the vomer to the
floor of the nasal cavity. From here, the nasopalatine nerve passes through the incisive fossa of
the hard palate and communicates with the greater palatine nerve to supply the mucosa of the
hard palate. The posterior superior nasal nerves pass through the pterygopalatine ganglion PPG
without synapsing and onto the maxillary nerve via its ganglionic branches.

Based on the understanding that the posterior nasal nerves exclusively traverse the SPF to
innervate the nasal mucosa, surgeries have been performed to selectively sever the posterior
nasal nerve as it exits the SPF. However, as discussed above, the sinonasal parasympathetic
pathway actually comprises individual rami project from the pterygopalatine ganglion (PPG) to
innervate the nasal mucosa via multiple small nerve fascicles (i.e., accessory posterolateral
nerves), not a single branch extending through the SPF. These rami are transmitted through
multiple fissures, accessory foramina, and microforamina throughout the palatine bone and may
demonstrate anastomotic loops with both the SPF and other accessory nerves. Thus, if only the
parasympathetic nerves traversing the SPF were severed, almost all patients (e.g., 90% of
patients or more) would retain intact accessory secretomotor fibers to the posterolateral mucosa,
which would result in the persistence of symptoms the neurectomy was meant to alieve.

Accordingly, embodiments of the present disclosure are configured to therapeutically
modulate nerves at precise and focused treatment sites corresponding to the sites of rami
extending through fissures, accessory foramina, and microforamina throughout the palatine bone
(e.g., target region T shown in FIG. 3B). In certain embodiments, the targeted nerves are
postganglionic parasympathetic nerves that go on to innervate the nasal mucosa. This selective
neural treatment is also expected to decrease the rate of postoperative nasal crusting and dryness
because it allows a clinician to titrate the degree of anterior denervation through judicious
sparing of the rami orbitonasal. Furthermore, embodiments of the present disclosure are also

expected to maintain at least some sympathetic tone by preserving a portion of the sympathetic
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contributions from the deep petrosal nerve and internal maxillary periarterial plexus, leading to
improved outcomes with respect to nasal obstruction. In addition, embodiments of the present
disclosure are configured to target a multitude of parasympathetic neural entry locations (e.g.,
accessory foramen, fissures, and microforamina) to the nasal region to provide for a complete
resection of all anastomotic loops, thereby reducing the rate of long-term re-innervation.

FIG. 4 is a side view of one embodiment of a handheld device 102 for providing
therapeutic nasal neuromodulation consistent with the present disclosure. As illustrated, the
device 102 includes a multi-segment end effector 114 transformable between a retracted
configuration and an expanded deployed configuration, a shaft 116 operably associated with the
end effector 114, and a handle 118 operably associated with the shaft 116. The multi-segment
end effector 114 includes at least a first segment 122 and a second segment 124 spaced apart
from one another. The first segment 122 is generally positioned closer to a distal end of the shaft
116, and is thus sometimes referred to herein as the proximal segment 122, while the second
segment 124 is generally positioned further from the distal end of the shaft 116 and is thus
sometimes referred to herein as the distal segment 124. Each of the first and second segments
122 and 124 is transformable between a retracted configuration, which includes a low-profile
delivery state to facilitate intraluminal delivery of the end effector 114 to a treatment site within
the nasal region, and a deployed configuration, which includes an expanded state, as shown in
FIG. 4 and further illustrated in FIGS. 5A-5F. The handle 118 includes at least a first
mechanism 126 for deployment of the multi-segment end effector 114, notably the first and
second segments 122, 124, from the retracted configuration to the deployed configuration and a
second mechanism 128, separate from the first mechanism 124, for control of energy output by
either of the first and second segments 122, 124 of the end effector 114, specifically electrodes or
other energy elements provided by first and/or second segments 122, 124. The handheld device
102 may further include an auxiliary line 121, which may provide a fluid connection between a
fluid source, for example, and the shaft 116 such that fluid may be provided to a target site via
the distal end of the shaft 116. In some embodiments, the auxiliary line 121 may provide a
connection between a vacuum source and the shaft 116, such that the device 102 may include
suction capabilities (via the distal end of the shaft 116).

FIGS. 5A, 5B, 5C, 5D, SE, and 5F are enlarged views of the multi-segment end effector

114, illustrating various views of the first and second segments 122, 124 in greater detail. FIG.
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5A is an enlarged, perspective view of the multi-segment end effector 114. FIG. 5B is an
exploded, perspective view of the multi-segment end effector 114. FIGS. 5C and 5D are
enlarged, top and side views, respectively, of the multi-segment end effector 114. FIG. 5E is an
enlarged, front (proximal facing) view of the first segment 122 of the multi-segment end effector
114. FIG. 5F is an enlarged, front (proximal facing) view of the second segment 124 of the
multi-segment end effector 114.

As illustrated, the first segment 122 includes at least a first set of flexible support
elements, generally in the form of wires, arranged in a first configuration, and the second
segment 124 includes a second set of flexible support elements, also in the form of wires,
arranged in a second configuration. The first and second sets of flexible support elements
include composite wires having conductive and elastic properties. For example, in some
embodiments, the composite wires include a shape memory material, such as nitinol. The
flexible support elements may further include a highly lubricious coating, which may allow for
desirable electrical insulation properties as well as desirable low friction surface finish. Each of
the first and second segments 122, 124 is transformable between a retracted configuration and an
expanded deployed configuration such that the first and second sets of flexible support elements
are configured to position one or more electrodes provided on the respective segments (see
electrodes 136 in FIGS. 5E and 5F) into contact with one or more target sites when in the
deployed configuration.

As shown, when in the expanded deployed configuration, the first set of support elements
of the first segment 122 includes at least a first pair of struts 130a, 130b, each comprising a loop
(or leaflet) shape and extending in an upward direction and a second pair of struts 132a, 132b,
each comprising a loop (or leaflet) shape and extending in a downward direction, generally in an
opposite direction relative to at least the first pair of struts 130a, 130b. It should be noted that
the terms upward and downward are used to describe the orientation of the first and second
segments 122, 124 relative to one another. More specifically, the first pair of struts 130a, 130b
generally extend in an outward inclination in a first direction relative to a longitudinal axis of the
multi-segment end effector 114 and are spaced apart from one another. Similarly, the second
pair of struts 132a, 132b extend in an outward inclination in a second direction substantially
opposite the first direction relative to the longitudinal axis of the multi-segment end effector and

spaced apart from one another.
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The second set of support elements of the second segment 124, when in the expanded
deployed configuration, includes a second set of struts 134(1), 134(2), 134(n) (approximately six
struts), each comprising a loop shape extending outward to form an open-ended circumferential
shape. As shown, the open-ended circumferential shape generally resembles a blooming flower,
wherein each looped strut 134 may generally resemble a flower petal. It should be noted that the
second set of struts 134 may include any number of individual struts and is not limited to six, as
illustrated. For example, in some embodiments, the second segment 124 may include two, three,
four, five, six, seven, eight, nine, ten, or more struts 134.

The first and second segments 122, 124, specifically struts 130, 132, and 134 include one
or more energy delivery elements, such as a plurality of electrodes 136. It should be noted that
any individual strut may include any number of electrodes 136 and is not limited to one
electrode, as shown. In the expanded state, the struts 130, 132, and 134 can position any number
of electrodes 136 against tissue at a target site within the nasal region (e.g., proximate to the
palatine bone inferior to the SPF). The electrodes 136 can apply bipolar or multi-polar
radiofrequency (RF) energy to the target site to therapeutically modulate postganglionic
parasympathetic nerves that innervate the nasal mucosa proximate to the target site. In various
embodiments, the electrodes 136 can be configured to apply pulsed RF energy with a desired
duty cycle (e.g., 1 second on/0.5 seconds off) to regulate the temperature increase in the target
tissue.

The first and second segments 122, 124 and the associated struts 130, 132, and 134 can
have sufficient rigidity to support the electrodes 136 and position or press the electrodes 136
against tissue at the target site. In addition, each of the expanded first and second segments 122,
124 can press against surrounding anatomical structures proximate to the target site (e.g., the
turbinates, the palatine bone, etc.) and the individual struts 130, 132, 134 can at least partially
conform to the shape of the adjacent anatomical structures to anchor the end effector 114 In
addition, the expansion and conformability of the struts 130, 132, 134 can facilitate placing the
electrodes 136 in contact with the surrounding tissue at the target site. The electrodes 136 can be
made from platinum, iridium, gold, silver, stainless steel, platinum-iridium, cobalt chromium,
iridium oxide, polyethylenedioxythiophene (PEDOT), titanium, titanium nitride, carbon, carbon
nanotubes, platinum grey, Drawn Filled Tubing (DFT) with a silver core, and/or other suitable

materials for delivery RF energy to target tissue. In some embodiments, such as illustrated in
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FIG. 6, a strut may include an outer jacket surrounding a conductive wire, wherein portions of
the outer jacket are selectively absent along a length of the strut, thereby exposing the underlying
conductive wire so as to act as an energy delivering element (i.e., an electrode) and/or sensing
element, as described in greater detail herein.

In certain embodiments, each electrode 136 can be operated independently of the other
electrodes 136. For example, each electrode can be individually activated and the polarity and
amplitude of each electrode can be selected by an operator or a control algorithm (e.g., executed
by the controller 107 previously described herein. The selective independent control of the
electrodes 136 allows the end effector 114 to deliver RF energy to highly customized regions.
For example, a select portion of the electrodes 136 can be activated to target neural fibers in a
specific region while the other electrodes 136 remain inactive. In certain embodiments, for
example, electrodes 136 may be activated across the portion of the second segment 124 that is
adjacent to tissue at the target site, and the electrodes 136 that are not proximate to the target
tissue can remain inactive to avoid applying energy to non-target tissue. Such configurations
facilitate selective therapeutic modulation of nerves on the lateral nasal wall within one nostril
without applying energy to structures in other portions of the nasal cavity.

The electrodes 136 are electrically coupled to an RF generator (e.g., the generator 106 of
FIG. 1) via wires (not shown) that extend from the electrodes 136, through the shaft 116, and to
the RF generator. When each of the electrodes 136 is independently controlled, each electrode
136 couples to a corresponding wire that extends through the shaft 116. In other embodiments,
multiple electrodes 136 can be controlled together and, therefore, multiple electrodes 136 can be
electrically coupled to the same wire extending through the shaft 116. As previously described,
the RF generator and/or components operably coupled (e.g., a control module) thereto can
include custom algorithms to control the activation of the electrodes 136. For example, the RF
generator can deliver RF power at about 460-480 kHz (+ or - 5 kHz) to the electrodes 136, and
do so while activating the electrodes 136 in a predetermined pattern selected based on the
position of the end effector 114 relative to the treatment site and/or the identified locations of the
target nerves. The RF generator is able to provide bipolar low power (10 watts with maximum
setting of 50 watts) RF energy delivery, and further provide multiplexing capabilities (across a
maximum of 30 channels).

Once deployed, the first and second segments 122, 124 contact and conform to a shape of
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the respective locations, including conforming to and complementing shapes of one or more
anatomical structures at the respective locations. In turn, the first and second segments 122, 124
become accurately positioned within the nasal cavity to subsequently deliver, via one or more
electrodes 136, precise and focused application of RF thermal energy to the one or more target
sites to thereby therapeutically modulate associated neural structures. More specifically, the first
and second segments 122, 124 have shapes and sizes when in the expanded configuration that are
specifically designed to place portions of the first and second segments 122, 124, and thus one or
more electrodes associated therewith 136, into contact with target sites within nasal cavity
associated with postganglionic parasympathetic fibers that innervate the nasal mucosa.

For example, the first set of flexible support elements of the first segment 122 conforms
to and complements a shape of a first anatomical structure at the first location when the first
segment 122 is in the deployed configuration and the second set of flexible support elements of
the second segment 124 conforms to and complements a shape of a second anatomical structure
at the second location when the second segment is in the deployed configuration. The first and
second anatomical structures may include, but are not limited to, inferior turbinate, middle
turbinate, superior turbinate, inferior meatus, middle meatus, superior meatus, pterygopalatine
region, pterygopalatine fossa, sphenopalatine foramen, accessory sphenopalatine foramen(ae),
and sphenopalatine micro-foramen(ae).

In some embodiments, the first segment 122 of the multi-segment end effector 114 is
configured in a deployed configuration to fit around at least a portion of a middle turbinate at an
anterior position relative to the middle turbinate and the second segment 124 of the multi-
segment end effector is configured in a deployed configuration to contact a plurality of tissue
locations in a cavity at a posterior position relative to the middle turbinate.

For example, the first set of flexible support elements of the first segment (i.e., struts 130
and 132) conforms to and complements a shape of a lateral attachment and posterior-inferior
edge of the middle turbinate when the first segment 122 is in the deployed configuration and the
second set of flexible support elements (i.e., struts 134) of the second segment 124 contact a
plurality of tissue locations in a cavity at a posterior position relative to the lateral attachment
and posterior-inferior edge of middle turbinate when the second segment 124 is in the deployed
configuration. Accordingly, when in the deployed configuration, the first and second segments

122, 124 are configured to position one or more associated electrodes 136 at one or more target
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sites relative to either of the middle turbinate and the plurality of tissue locations in the cavity
behind the middle turbinate. In turn, electrodes 136 are configured to deliver RF energy at a
level sufficient to therapeutically modulate postganglionic parasympathetic nerves innervating
nasal mucosa at an innervation pathway within the nasal cavity of the patient.

As illustrated in FIG. SE, the first segment 122 comprises a bilateral geometry. In
particular, the first segment 122 includes two identical sides, including a first side formed of
struts 130a, 132a and a second side formed of struts 130b, 132b. This bilateral geometry allows
at least one of the two sides to conform to and accommodate an anatomical structure within the
nasal cavity when the first segment 122 is in an expanded state. For example, when in the
expanded state, the plurality of struts 130a, 132a contact multiple locations along multiple
portions of the anatomical structure and electrodes provided by the struts are configured to emit
energy at a level sufficient to create multiple micro-lesions in tissue of the anatomical structure
that interrupt neural signals to mucus producing and/or mucosal engorgement elements. In
particular, struts 130a, 132a conform to and complement a shape of a lateral attachment and
posterior-inferior edge of the middle turbinate when the first segment 122 is in the deployed
configuration, thereby allowing for both sides of the anatomical structure to receive energy from
the electrodes. By having this independence between first and second side (i.e., right and left
side) configurations, the first segment 122 is a true bilateral device. By providing a bilateral
geometry, the multi-segment end effector 114 does not require a repeat use configuration to treat
the other side of the anatomical structure, as both sides of the structure are accounted at the same
time due to the bilateral geometry. The resultant micro-lesion pattern can be repeatable and is
predictable in both macro element (depth, volume, shape parameter, surface area) and can be
controlled to establish low to high effects of each, as well as micro elements (the thresholding of
effects within the range of the macro envelope can be controlled), as well be described in greater
detail herein. The systems of the present invention are further able to establish gradients within
allowing for control over neural effects without having widespread effect to other cellular bodies,
as will be described in greater detail herein.

FIG. 7 is a cross-sectional view of a portion of the shaft 116 of the handheld device taken
along lines 7-7 of FIG. 4. As illustrated, the shaft 116 may be constructed from multiple
components so as to have the ability to constrain the end effector 114 in the retracted

configuration (i.e., the low-profile delivery state) when the end effector 114 is retracted within
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the shaft 116, and to further provide an atraumatic, low profile and durable means to deliver the
end effector 114 to the target site. The shaft 116 includes coaxial tubes which travel from the
handle 118 to a distal end of the shaft 116. The shaft 116 assembly is low profile to ensure trans-
nasal delivery of therapy. The shaft 116 includes an outer sheath 138, surrounding a hypotube
140, which is further assembled over electrode wires 129 which surround an inner lumen 142.
The outer sheath 138 serves as the interface between the anatomy and the device 102. The outer
sheath 138 may generally include a low friction PTFE liner to minimize friction between the
outer sheath 138 and the hypotube 140 during deployment and retraction. In particular, the outer
sheath 138 may generally include an encapsulated braid along a length of the shaft 116 to
provide flexibility while retaining kink resistance and further retaining column and/or tensile
strength. For example, the outer sheath 138 may include a soft Pebax material, which is
atraumatic and enables smooth delivery through the nasal passage. The outer sheath 138 may
further include orientation/landmark markings on an exterior surface thereof, generally at the
distal end, wherein the markings may provide a visual indication to an operator of the
architecture and/or spatial orientation of first and/or second segments 122, 124 of the end
effector 114 to assist in positioning and deployment of the end effector 114.

The hypotube 140 is assembled over the electrode wires starting within the handle 118
and travelling to the proximal end of the end effector 114. The hypotube 140 generally acts to
protect the wires during delivery and is malleable to enable flexibility without kinking to thereby
improve trackability. The hypotube 140 provides stiffness and enables torqueability of the
device 102 to ensure accurate placement of the end effector 114. The hypotube 140 also
provides a low friction exterior surface which enables low forces when the outer sheath 138
moves relative to the hypotube 140 during deployment and retraction or constraint. The shaft
116 may be pre-shaped in such a manner so as to complement the nasal cavity. For example, the
hypotube 140 may be annealed to create a bent shaft 116 with a pre-set curve. The hypotube 140
may include a stainless-steel tubing, for example, which interfaces with a liner in the outer
sheath 138 for low friction movement.

The inner lumen 142 may generally provide a channel for fluid extraction during a
treatment procedure. For example, the inner lumen 142 extends from the distal end of the shaft

116 through the hypotube 140 and to atmosphere via a fluid line (line 121 of FIG. 4). The inner
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lumen 142 materials are chosen to resist forces of external components acting thereon during a
procedure.

FIG. 7A is a side view of one embodiment of an elongate body and a multi-segment end
effector extending from a distal end thereof, further illustrating a plurality of electrodes provided
on separate respective portions of the elongate body. In the illustrated example, the elongate
body may generally be in the form of the shaft 116, including one or more specific components
of the shaft 116, as previously described herein. For example, the elongate body in the present
example may include the outer sheath 138, such that one or more electrodes 137 are provided
and positioned on separate respective portions of the outer sheath 138. FIG. 7B is a sectional
view of the shaft 116 illustrating one embodiment in which a plurality of electrodes are
embedded within the outer sheath 138. As further illustrated in FIG. 7B, the electrodes 137 may
be provided along an entirety of the circumference of the outer sheath 138 (i.e., along
substantially all sides of the outer sheath 138).

FIG. 7C is a sectional view of the shaft 116 illustrating another embodiment in which a
plurality of electrodes 137 are provided on the hypotube 140 and associated portions of the outer
sheath 138 are absent or removed to thereby expose the underlying electrodes 137 on the
hypotube 140. FIG. 7D is a perspective view of a length of the shaft 116 illustrating exposed
portions of the outer sheath 138 to reveal the underlying electrodes 137 provided on the
hypotube 140. More specifically, portions of the outer sheath 138 may be selectively absent
along a length thereof, thereby exposing any underlying electrodes 137 provided on the enclosed
portion of the hypotube 140. Accordingly, in such an embodiment, the elongate body is in the
form of the hypotube 140.

FIG. 7E is a sectional view of the shaft 116 illustrating another embodiment in which a
plurality of electrodes 137 are provided on one or more support elements 129 extending through
the hypotube 140, portions of which form the end effector 114. FIG. 7F is an enlarged,
perspective view of the multi-segment end effector 114 extending from the shaft 116,
specifically the hypotube 140 and illustrating the plurality of electrodes 137 provided on the
support elements 129. For example, during deployment of the end effector 114 from the
retracted to expanded configurations, proximal portions of the support elements 129 that form

the proximal and distal segments 122 and 124 may be further exposed to thereby further expose
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the electrodes 137 provided thereon. Accordingly, in such an embodiment, the elongate body is
in the form of the assembly of support elements 129.

In some embodiments, respective portions of the elongate body may be transformable
between a retracted configuration and an expanded configuration. For example, FIG. 7Gis a
cross-sectional view of the shaft 116, specifically the outer sheath 138, illustrating exemplary
portions of the sheath 138 that may be retractable and expandable. When in the expanded
configuration, each separate respective portion of the outer sheath 138 may be configured to
position a separate associated one of the electrodes 137 into contact with a target tissue.

Similar to electrodes 136, the electrodes 137 may be configured to apply electromagnetic
neuromodulation energy (e.g., radiofrequency (RF) energy) to target sites. In other
embodiments, the electrodes 137 may be configured to provide therapeutic neuromodulation
using various other modalities, such as cryotherapeutic cooling, ultrasound energy (e.g., high
intensity focused ultrasound (“HIFU”) energy), microwave energy (e.g., via a microwave
antenna), direct heating, high and/or low power laser energy, mechanical vibration, and/or
optical power. Yet still, in other embodiments, the electrodes can apply bipolar or multi-polar
radiofrequency (RF) energy to a target site to therapeutically modulate tissue at the target site,
which may include ablation of the tissue. For example, in various embodiments, the electrodes
136 can be configured to apply pulsed RF energy with a desired duty cycle (e.g., 1 second on/0.5
seconds off) to regulate the temperature increase in the target tissue.

In certain embodiments, each electrode 137 can be operated independently of the other
electrodes 137. For example, each electrode can be individually activated and the polarity and
amplitude of each electrode can be selected by an operator or a control algorithm (e.g., executed
by the controller 107 previously described herein. The selective independent control of the
electrodes 137 allows respective portions of the shaft to deliver RF energy to highly customized
regions. For example, a select portion of the electrodes 137 can be activated to target tissue in a
specific portion of the inferior turbinate while the other electrodes 137 remain inactive.

The electrodes 137 are electrically coupled to an RF generator (e.g., the generator 106 of
FIG. 1) via wires (not shown) that extend from the electrodes 137, through the shaft 116, and to
the RF generator. When each of the electrodes 137 is independently controlled, each electrode
137 couples to a corresponding wire that extends through the shaft 116. In other embodiments,

multiple electrodes 137 can be controlled together and, therefore, multiple electrodes 137 can be
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electrically coupled to the same wire extending through the shaft 116. As previously described,
the RF generator and/or components operably coupled (e.g., a control module) thereto can
include custom algorithms to control the activation of the electrodes 137. For example, the RF
generator can deliver RF power at about 460-480 kHz (+ or - 5 kHz) to the electrodes 137, and
do so while activating the electrodes 137 in a predetermined pattern selected based on the
position of the shaft 116 relative to the treatment site and/or the identified locations of the target
tissue. The RF generator is able to provide bipolar low power (10 watts with maximum setting
of 50 watts) RF energy delivery, and further provide multiplexing capabilities (across a
maximum of 30 channels).

The electrodes 137 may be used to deliver energy to tissue adjacent to, or in contact with,
such the respective portions of the shaft 116. For example, in some embodiments, the shaft 116
may generally reside with a portion of the nasal cavity proximate to the inferior turbinate upon
advancing and deploying the multi-segment end effector 114 in the desired location (i.e., a target
site associated with a sphenopalatine foramen within the nasal cavity of the patient).
Accordingly, in addition to delivering energy from the electrodes 136 of the multi-segment end
effector 114, the surgeon may also activate and deliver energy from electrodes 137 associated
with a given component of the shaft 116 (i.e., outer sheath 138, hypotube 140, or assembly of
support elements 129) to tissue associated with the inferior turbinate. Such energy may be
delivered at a level sufficient to reduce engorgement of tissue associated with the inferior
turbinate to thereby increase volumetric flow through the nasal passage of the patient and
improve a patient's ability to breathe. For example, the energy may be delivered at a level
sufficient to disrupt multiple neural signals to, or result in local hypoxia of, mucus producing
and/or mucosal engorgement elements associated with the inferior turbinate. For example,
delivery of energy may result in ablation of targeted tissue of the inferior turbinate. The ablation
may be thermal ablation. The ablation may be caused by delivery of radiofrequency (RF)
energy, for example.

Accordingly, in a given procedure, the surgeon may utilize the multi-segment end
effector 114 to deliver energy (via electrodes 136) at a level sufficient to therapeutically
modulate postganglionic parasympathetic nerves innervating nasal mucosa at microforamina of a
palatine bone of the patient and further utilize a component of the shaft 116 or other elongate

body operably associated with the end effector 114 (i.e., outer sheath 138, hypotube 140, or
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assembly of support elements 129) to deliver energy (via electrodes 137) at a level sufficient to
reduce engorgement of tissue associated with the inferior turbinate to thereby increase
volumetric flow through the nasal passage of the patient. Such a combination of energy delivery
to two specific targeted sites improves the manner in which at least one of rhinitis, congestion,
and rhinorrhea are treated, thereby increasing the potential for reducing or completely
eliminating symptoms associated therewith, including, but not limited to, coughing, sneezing,
nasal or throat irritation and itching, and difficulty sleeping.

FIG. 8 is a side view of the handle 118. FIG. 9 is a side view of the handle 118
illustrating internal components enclosed within. The handle 118 generally includes an
ergonomically-designed grip portion which provides ambidextrous use for both left and right
handed use and conforms to hand anthropometrics to allow for at least one of an overhand grip
style and an underhand grip style during use in a procedure. For example, the handle 118 may
include specific contours, including recesses 144, 146, and 148 which are designed to naturally
receive one or more of an operator's fingers in either of an overhand grip or underhand grip style
and provide a comfortable feel for the operator. For example, in an underhand grip, recess 144
may naturally receive an operator's index finger, recess 146 may naturally receive an operator's
middle finger, and recess 148 may naturally receive an operator's ring and little (pinkie or pinky)
fingers which wrap around the proximal protrusion 150 and the operator's thumb naturally rests
on a top portion of the handle 118 in a location adjacent to the first mechanism 126. In an
overhand grip, the operator's index finger may naturally rest on the top portion of the handle 118,
adjacent to the first mechanism 126, while recess 144 may naturally receive the operator's middle
finger, recess 146 may naturally receive a portion of the operator's middle and/or ring fingers,
and recess 148 may naturally receive and rest within the space (sometimes referred to as the
purlicue) between the operator's thumb and index finger.

As previously described, the handle includes multiple user-operated mechanisms,
including at least a first mechanism 126 for deployment of the end effector 114 from the
retracted configuration to the expanded deployed configuration and a second mechanism 128 for
controlling of energy output by the end effector, notably energy delivery from one or more
electrodes 136. As shown, the user inputs for the first and second mechanisms 126, 128 are
positioned a sufficient distance to one another to allow for simultaneous one-handed operation of

both user inputs during a procedure. For example, user input for the first mechanism 126 is
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positioned on a top portion of the handle 118 adjacent the grip portion and user input for the
second mechanism 128 is positioned on side portions of the handle 118 adjacent the grip portion.
As such, in an underhand grip style, the operator's thumb rests on the top portion of the handle
adjacent to the first mechanism 126 and at least their middle finger is positioned adjacent to the
second mechanism 128, each of the first and second mechanisms 126, 128 accessible and able to
be actuated. In an overhand grip system, the operator's index finger rests on the top portion of
the handle adjacent to the first mechanism 126 and at least their thumb is positioned adjacent to
the second mechanism 128, each of the first and second mechanisms 126, 128 accessible and
able to be actuated. Accordingly, the handle accommodates various styles of grip and provides a
degree of comfort for the surgeon, thereby further improving execution of the procedure and
overall outcome.

Referring to FIG. 9, the various components provided within the handle 118 are
illustrated. As shown, the first mechanism 126 may generally include a rack and pinion
assembly providing movement of the end effector 114 between the retracted and deployed
configurations in response to input from a user-operated controller. The rack and pinion
assembly generally includes a set of gears 152 for receiving input from the user-operated
controller and converting the input to linear motion of a rack member 154 operably associated
with at least one of the shaft 116 and the end effector 114. The rack and pinion assembly
comprises a gearing ratio sufficient to balance a stroke length and retraction and deployment
forces, thereby improving control over the deployment of the end effector. As shown, the rack
member 154 may be coupled to a portion of the shaft 116, for example, such that movement of
the rack member 154 in a direction towards a proximal end of the handle 118 results in
corresponding movement of the shaft 116 while the end effector 114 remains stationary, thereby
exposing the end effector 114 and allowing the end effector 114 to transition from the
constrained, retracted configuration to the expanded, deployed configuration. Similarly, upon
movement of the rack member 154 in a direction towards a distal end of the handle 118 results in
corresponding movement of the shaft 116 while the end effector 114 remains stationary, thereby
enclosing the end effector 114 within the shaft 116. It should be noted that, in other
embodiments, the rack member 154 may be directly coupled to a portion of the end effector 114

such that movement of the rack member 154 results in corresponding movement of the end
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effector 114 while the shaft 116 remains stationary, thereby transitioning the end effector 114
between the retracted and deployed configurations.

The user-operated controller associated with the first mechanism 126 may include a slider
mechanism operably associated with the rack and pinion rail assembly. Movement of the slider
mechanism in a rearward direction towards a proximal end of the handle results in transitioning
of the end effector 114 to the deployed configuration and movement of the slider mechanism in a
forward direction towards a distal end of the handle results in transitioning of the end effector to
the retracted configuration. In other embodiment, the user-operated controller associated with
the first mechanism 126 may include a scroll wheel mechanism operably associated with the rack
and pinion rail assembly. Rotation of the wheel in a rearward direction towards a proximal end
of the handle results in transitioning of the end effector to the deployed configuration and
rotation of the wheel in a forward direction towards a distal end of the handle results in
transitioning of the end effector to the retracted configuration.

The user-operated controller associated with the first mechanism 126 may generally
provide a high degree of precision and control over the deployment (and retraction) of the first
and second segments 122, 124. For example, in some instances, the operator may wish to only
deploy the second segment 124 during the procedure, while the first segment 122 remains in the
retracted configuration. The user-operated controller allows for an operator to provide a
sufficient degree of input (i.e,, slide the slider mechanism or scroll the scroll wheel to a specific
position) which results in only the second segment 124 transitioning from the retracted
configuration to the deployed configuration (while the first segment 122 remains enclosed within
the shaft 116 and in the retracted configuration). For example, in some embodiments, the end
effector 114 may further include a detent feature, such as a catch or similar element, positioned
between the first and second segments 122, 124 and configured to provide a surgeon with
feedback, such as haptic or tactile feedback, during deployment of the end effector segments,
alerting the surgeon when at least the second segment 124 is fully deployed. In particular, as the
surgeon slides the slider mechanism or scrolls the scroll wheel during deployment of the second
segment 124, the detect feature (provided between the first and second segments 122, 124) may
then reach a portion of the shaft 116 and cause an increase in resistance on the slider mechanism
or scroll wheel, thereby indicating to the surgeon that the second segment 124 has been deployed

and the first segment 122 remains in the retracted configuration. Accordingly, the surgeon can
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position and orient the second segment 124 as they desire without concern over the first segment
122 as it remains in the retracted configuration. In turn, one the second segment 124 is
positioned at the desired target site, the surgeon may then deploy the first segment 122 to
perform the procedure. Yet still, in some instances, only the second segment 124 may be used to
perform a procedure (i.e., deliver energy to one or more target sites in contact with the second
segment 124) and, as such, the first segment 122 may never be deployed.

The second mechanism 128 may generally include a user-operated controller configured
to be actuated between at least an active position and an inactive position to thereby control
delivery of energy from the end effector 114, notable delivery of energy from the electrodes 136.
The user-operated controller may be multi-modal in that the user-operated controller may be
actuated between multiple positions providing different functions/modes. For example, upon a
single user input (i.e., single press of button associated within controller), the second mechanism
may provide a baseline apposition / sensing check function prior to modulation. Upon pressing
and holding the controller button for a pre-defined period of time, the energy output from the end
effector may be activated. Further, upon double-tapping the controller button, energy output is
deactivated.

Furthermore, the handle and/or the shaft may include markings that provide a surgeon
with a spatial orientation of the end effector while the end effector is in a nasal cavity. FIG. 10is
a side view of the handle 118 illustrating multiple markings on a distal end of the handle 118 and
FIG. 11 is a perspective view of a portion of the shaft 116 illustrating multiple markings on a
distal end thereof. In particular, multiple markings may be provided on the handle and/or shaft
and provide a visual indication of the spatial orientation of one or more portions of the first
segment and second segment of the end effector when in the deployed configurations. The
markings may include, for example, text, symbols, color-coding insignia, or the like. Thus,
during initial placement of the end effector, when in a retracted configuration and enclosed
within the shaft, a surgeon can rely on the markings on the handle and/or shaft as a visual
indication of the spatial orientation of the end effector (e.g., linear, axial, and/or depth position)
prior to deployment to thereby ensure that, once deployed, the end effector, including both the
first and second segments, are positioned in the intended locations within the nasal cavity.

For example, the handle and/or shaft may include markings associated with each of the

first pair of struts 130a, 130b and each of the second pair of struts 132a, 132b, so as to provide an
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operator with a visual indication as to the resulting spatial orientation and architecture of at least
the first segment 122 when initially navigating the nasal cavity and delivering the distal end of
the shaft 116 to a target site, prior to deployment of the end effector 114. In other words, the
markings provide an operator with an indication of the orientation of at least the first segment
122 of the end effector 114 prior to deploying the end effector 114, thereby ensuring accurate
positioning at the desired location.

FIG. 12 is a partial cut-away side view illustrating one approach for delivering an end
effector 114 a target site within a nasal region in accordance with embodiments of the present
disclosure. As shown, the distal portion of the shaft 116 extends into the nasal passage (NP),
through the inferior meatus (IM) between the inferior turbinate (IT) and the nasal sill (NS), and
around the posterior portion of the inferior turbinate (IT) where the end effector 114 is deployed
at a treatment site. The treatment site can be located proximate to the access point or points of
postganglionic parasympathetic nerves (e.g., branches of the posterior nasal nerve and/or other
parasympathetic neural fibers that innervate the nasal mucosa) into the nasal cavity. In other
embodiments, the target site can be elsewhere within the nasal cavity depending on the location
of the target nerves.

In various embodiments, the distal portion of the shaft 116 may be guided into position at
the target site via a guidewire (not shown) using an over-the-wire (OTW) or a rapid exchange
(RX) technique. For example, the end effector 114 can include a channel for engaging the
guidewire. Intraluminal delivery of the end effector 114 can include inserting the guide wire into
an orifice in communication with the nasal cavity (e.g., the nasal passage or mouth), and moving
the shaft 116 and/or the end effector 114 along the guide wire until the end effector 114 reaches a
target site (e.g., inferior to the SPF).

Yet still, in further embodiments, the neuromodulation device 102 can be configured for
delivery via a guide catheter or introducer sheath (not shown) with or without using a guide wire.
The introducer sheath can first be inserted intraluminally to the target site in the nasal region, and
the distal portion of the shaft 116 can then be inserted through the introducer sheath. At the
target site, the end effector 114 can be deployed through a distal end opening of the introducer
sheath or a side port of the introducer sheath. In certain embodiments, the introducer sheath can
include a straight portion and a pre-shaped portion with a fixed curve (e.g., a S mm curve, a 4

mm curve, a 3 mm curve, etc.) that can be deployed intraluminally to access the target site. In
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this embodiment, the introducer sheath may have a side port proximal to or along the pre-shaped
curved portion through which the end effector 114 can be deployed. In other embodiments, the
introducer sheath may be made from a rigid material, such as a metal material coated with an
insulative or dielectric material. In this embodiment, the introducer sheath may be substantially
straight and used to deliver the end effector 114 to the target site via a substantially straight
pathway, such as through the middle meatus (MM) (FIG. 3A).

Image guidance may be used to aid the surgeon's positioning and manipulation of the
distal portion of the shaft 116, as well as the deployment and manipulation of the end effector
114, specifically the first and second segments 122 thereof. For example, an endoscope 100
and/or other visualization device can be positioned to visualize the target site, the positioning of
the end effector 114 at the target site, and/or the end effector 114 during therapeutic
neuromodulation. The endoscope 100 may be delivered proximate to the target site by extending
through the nasal passage NP and through the middle meatus MM between the inferior and
middle turbinates IT and MT. From the visualization location within the middle meatus MM, the
endoscope 100 can be used to visualize the treatment site, surrounding regions of the nasal
anatomy, and the end effector 114.

In some embodiments, the distal portion of the shaft 116 may be delivered via a working
channel extending through an endoscope, and therefore the endoscope can provide direct in-line
visualization of the target site and the end effector 114. In other embodiments, an endoscope is
incorporated with the end effector 114 and/or the distal portion of the shaft 116 to provide in-line
visualization of the end effector 114 and/or the surrounding nasal anatomy. In other
embodiments, image guidance can be provided with various other guidance modalities, such as
image filtering in the infrared (IR) spectrum to visualize the vasculature and/or other anatomical
structures, computed tomography (CT), fluoroscopy, ultrasound, optical coherence tomography
(OCT), and/or combinations thereof. Yet still, in some embodiments, image guidance
components may be integrated with the neuromodulation device 102 to provide image guidance
during positioning of the end effector 114.

Once positioned at the target site, the therapeutic modulation may be applied via the one
or more electrodes 136 and/or other features of the end effector 114 to precise, localized regions
of tissue to induce one or more desired therapeutic neuromodulating effects to disrupt

parasympathetic motor sensory function. The end effector 114 can selectively target
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postganglionic parasympathetic fibers that innervate the nasal mucosa at a target or treatment site
proximate to or at their entrance into the nasal region. For example, the end effector 114 can be
positioned to apply therapeutic neuromodulation at least proximate to the SPF (FIG. 3A) to
therapeutically modulate nerves entering the nasal region via the SPF. The end effector 114 can
also be positioned to inferior to the SPF to apply therapeutic neuromodulation energy across
accessory foramen and microforamina (e.g., in the palatine bone) through which smaller medial
and lateral branches of the posterior superior lateral nasal nerve enter the nasal region. The
purposeful application of the energy at the target site may achieve therapeutic neuromodulation
along all or at least a portion of posterior nasal neural fibers entering the nasal region. The
therapeutic neuromodulating effects are generally a function of, at least in part, power, time, and
contact between the energy delivery elements and the adjacent tissue. For example, in certain
embodiments therapeutic neuromodulation of autonomic neural fibers are produced by applying
RF energy at a power of about 2-20 W (e.g., 5 W, 7 W, 10 W, etc.) for a time period of about 1-
20 sections (e.g., 5-10 seconds, 8-10 seconds, 10-12 seconds, etc.).

The therapeutic neuromodulating effects may include partial or complete denervation via
thermal ablation and/or non-ablative thermal alteration or damage (e.g., via sustained heating
and/or resistive heating). Desired thermal heating effects may include raising the temperature of
target neural fibers above a desired threshold to achieve non-ablative thermal alteration, or above
a higher temperature to achieve ablative thermal alteration. For example, the target temperature
may be above body temperature (e.g., approximately 37° C.) but less than about 90° C. (e.g., 70-
75° C.) for non-ablative thermal alteration, or the target temperature may be about 100° C. or
higher (e.g., 110° C., 120° C., etc.) for the ablative thermal alteration. Desired non-thermal
neuromodulation effects may include altering the electrical signals transmitted in a nerve.

Sufficiently modulating at least a portion of the parasympathetic nerves is expected to
slow or potentially block conduction of autonomic neural signals to the nasal mucosa to produce
a prolonged or permanent reduction in nasal parasympathetic activity. This is expected to reduce
or eliminate activation or hyperactivation of the submucosal glands and venous engorgement
and, thereby, reduce or eliminate the symptoms of rhinosinusitis. Further, because the device
102 applies therapeutic neuromodulation to the multitude of branches of the posterior nasal
nerves rather than a single large branch of the posterior nasal nerve branch entering the nasal

cavity at the SPF, the device 102 provides a more complete disruption of the parasympathetic
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neural pathway that affects the nasal mucosa and results in rhinosinusitis. Accordingly, the
device 102 is expected to have enhanced therapeutic effects for the treatment of rhinosinusitis
and reduced re-innervation of the treated mucosa.

In other embodiments, the device 102 can be configured to therapeutically modulate
nerves and/or other structures to treat different indications. For example, the device 102 can be
used to therapeutically modulate nerves that innervate the para-nasal sinuses to treat chronic
sinusitis. In further embodiments, the system 100 and the device 102 disclosed herein can be
configured therapeutically modulate the vasculature within the nasal anatomy to treat other
indications, such as epistaxis (i.e., excessive bleeding from the nose). For example, the system
100 and the device 102 devices described herein can be used to apply therapeutically effective
energy to arteries (e.g., the sphenopalatine artery and its branches) as they enter the nasal cavity
(e.g., via the SPF, accessory foramen, etc.) to partially or completely coagulate or ligate the
arteries. In other embodiments, the system 100 and the device 102 can be configured to partially
or completely coagulate or ligate veins and/or other vessels. For such embodiments in which the
end effector 114 ligates or coagulates the vasculature, the system 100 and device 102 would be
modified to deliver energy at significantly higher power (e.g., about 100 W) and/or longer times
(e.g., 1 minute or longer) than would be required for therapeutic neuromodulation.

As further illustrated in FIG. 12, the shaft 116 may reside with a portion of the nasal
cavity proximate to the IT upon advancing and deploying the multi-segment end effector 114 in
the desired location (i.e., a target site associated with a sphenopalatine foramen within the nasal
cavity of the patient). Accordingly, in addition to delivering energy from the electrodes 136 of
the multi-segment end effector 114, the surgeon may also activate and deliver energy from
electrodes 137 associated with the shaft 116 ((i.e., outer sheath 138, hypotube 140, or assembly
of support elements 129) to tissue associated with the IT. Such energy may be delivered at a
level sufficient to reduce engorgement of tissue associated with the IT to thereby increase
volumetric flow through a nasal passage of the patient and improve a patient's ability to breathe.

FIG. 13 is a flow diagram illustrating one embodiment of a method 400 for treating a
condition within a nasal cavity of a patient. The method 400 includes advancing a multi-segment
end effector within the nasal cavity of the patient (operation 410) wherein the multi-segment end
effector includes a first segment spaced apart from a second segment. The multi-segment end

effector is retractable and expandable such that, once delivered to the one more target sites
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within the nasal cavity, the first and second segments can expand to a specific shape and/or size
corresponding to anatomical structures within the nasal cavity and associated with the target
sites. The method 400 further includes deploying the first and second segments at respective
first and second locations within the nasal cavity (operation 420). In particular, each of the first
and second flexible segments includes a specific geometry when in a deployed configuration to
complement anatomy of respective locations within the nasal cavity. Accordingly, once
deployed, the first and second segments contact and conform to a shape of the respective
locations, including conforming to and complementing shapes of one or more anatomical
structures at the respective locations. The method 400 further includes delivering energy, via the
first and second segments, to tissue at one or more target sites with respect to the first and second
locations (operation 430). In particular, the first and second segments become accurately
positioned within the nasal cavity to subsequently deliver, via one or more electrodes, precise
and focused application of RF thermal energy to the one or more target sites to thereby
therapeutically modulate associated neural structures. The first and second segments have
shapes and sizes when in the expanded configuration that are specifically designed to place
portions of the first and second segments, and thus one or more electrodes associated therewith,
into contact with target sites within nasal cavity associated with postganglionic parasympathetic
fibers that innervate the nasal mucosa.

FIG. 14 is a flow diagram illustrating another embodiment of a method 500 for treating a
condition within a nasal cavity of a patient. The method 500 includes providing a treatment
device comprising an end effector transformable between a retracted configuration and an
expanded deployed configuration, a shaft operably associated with the end effector, and a handle
operably associated with the shaft (operation 510). The method 500 further includes advancing
the end effector to one or more target sites within the nasal cavity of the patient (operation 520).
The shaft may include a pre-defined shape (i.e., bent or angled at a specific orientation) so as to
assist the operation for placement of the end effector at the target sites. The handle includes an
ergonomically-designed grip portion which provides ambidextrous use for both left and right
handed use and conforms to hand anthropometrics to allow for at least one of an overhand grip
style and an underhand grip style during use in a procedure.

The handle and/or the shaft may include markings (e.g., text, symbols, color-coding

insignia, etc.) that provide a surgeon with a spatial orientation of the end effector while the end
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effector is in a nasal cavity. In particular, multiple markings may be provided on the handle
and/or shaft and provide a visual indication of the spatial orientation of one or more portions of
the first segment and second segment of the end effector when in the deployed configurations.
Thus, during initial placement of the end effector, when in a retracted configuration and enclosed
within the shaft, a surgeon can rely on the markings on the handle and/or shaft as a visual
indication of the spatial orientation of the end effector (e.g., linear, axial, and/or depth position)
prior to deployment to thereby ensure that, once deployed, the end effector, including both the
first and second segments, are positioned in the intended locations within the nasal cavity.

The method 500 further includes deploying the end effector at the one or more target sites
(operation 530) and delivering energy from the end effector to tissue at the one or more target
sites (operation 540). The handle includes multiple user-operated mechanisms, including at least
a first mechanism for deployment of the end effector from the retracted configuration to the
expanded deployed configuration and a second mechanism for controlling of energy output by
the end effector. The user inputs for the first and second mechanisms are positioned a sufficient
distance to one another to allow for simultaneous one-handed operation of both user inputs
during a procedure. Accordingly, the handle accommodates various styles of grip and provides a
degree of comfort for the surgeon, thereby further improving execution of the procedure and
overall outcome.

FIG. 15 is a flow diagram illustrating another embodiment of a method 600 for treating a
condition within a nasal cavity of a patient. The method 600 includes providing a treatment
device comprising a multi-segment end effector, including a proximal segment that is spaced
apart from a distal segment, and a visual marker (operation 610). As previously described
herein, the visual marker may be provided by a shaft, for example, operably associated with the
multi-segment end effector. The visual marker may be in the form of text, symbols, color-coding
insignia, or the like, that generally provides a user (i.e., a surgeon or other medical professional)
with a visual indication of a spatial orientation of one or more portions of the proximal segment
while the multi-segment end effector is in a nasal cavity.

The method 600 further includes advancing, under image guidance, the proximal segment
and the distal segment through a nasal cavity of a patient and past a middle turbinate (operation
620) and deploying the distal segment from a retracted configuration to an expanded

configuration (operation 630). The image guidance may be in the form of an endoscope and/or
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other visualization device that can be positioned to so as to provide visualization to the user of
one or more locations within the nasal cavity and to further provide visualization of the multi-
segment end effector and other portions of the treatment device (i.e., at least a distal portion of
the shaft with a visual marker) during advancement into the nasal cavity to assist the user in
placement of the multi-segment end effector.

Upon deploying the distal segment to an expanded configuration, the method 600 further
includes aligning, under the image guidance and with reference to the visual marker, the
proximal segment with respect to the middle turbinate (operation 640). The visual marker may
be provided on the shaft, for example, and provide a visual indication of the spatial orientation of
one or more portions of the proximal segment when in the deployed configuration. For example,
the deployed proximal segment may include a geometry to complement a shape of the middle
turbinate. More specifically, the proximal segment may include a set of flexible support
elements that conform to and complement a shape of the middle turbinate when the proximal
segment is in the deployed expanded configuration. The visual marker, provided by the shaft,
provides a visual indication of the spatial orientation of one or more portions of the proximal
segment, including, for example, a spatial orientation of the set of flexible support elements
when in a deployed expanded configuration. Accordingly, aligning the proximal segment with
respect to the middle turbinate includes the user positioning, under the image guidance, the shaft
and associated visual marker relative to the middle turbinate.

Thus, during initial placement of at least the proximal segment when it is in a retracted
configuration, a surgeon can rely on the markings on the shaft as a visual indication of the spatial
orientation (e.g., linear, axial, and/or depth position) of one or more portions of the proximal
segment prior to its deployment, thereby ensuring that, once deployed, the proximal segment is
positioned in the intended location within the nasal cavity.

The method 600 further includes deploying the proximal segment around the middle
turbinate and advancing the deployed proximal segment toward the middle turbinate to establish
contact and secure the proximal segment to the middle turbinate (operation 650). Again, the set
of flexible support elements of the proximal segment are able to conform to and complement a
shape of the middle turbinate when the proximal segment is in the deployed expanded
configuration, thereby ensuring that the deployed proximal segment is secured to the middle

turbinate.
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It should be noted that the treatment device further includes a handle operably associated
with the multi-segment end effector and the shaft. The handle generally includes a controller
mechanism for providing independent, controlled deployment of each of the proximal and distal
segments from a retracted configuration to an expanded configuration within the nasal cavity. In
particular, in some embodiments, the controller mechanism includes a rack and pinion assembly
providing movement of the at least one of the proximal and distal segments between the retracted
configuration and expanded configuration in response to user input from an associated user-
operated controller. The rack and pinion assembly may include, for example, a set of gears for
receiving user input from the user-operated controller and converting the user input to linear
motion of a rack member operably associated with the multi-segment end effector.

The controller mechanism may further include a detent feature positioned relative to the
proximal and distal segments and configured to provide active feedback to a user indicative of
deployment of at least one of the proximal and distal segments. The active feedback may be in
the form haptic feedback provided by the controller mechanism. For example, the haptic
feedback may include an increase or decrease in resistance associated with user input with the
controller mechanism for corresponding movement of the at least one of the proximal and distal
segments between retracted and expanded configurations, and/or configurations therebetween
(i.e., a plurality of configurations between a fully retracted configuration and a fully expanded
configuration). For example, upon deploying the distal segment, the controller mechanism, as a
result of interaction with the detent, may provide haptic feedback, in the form of a vibration or
other motion (e.g., click(s) or change in resistance), to the user via the user-operated controller.
The haptic feedback may indicate to the user that the distal segment is fully deployed and any
further input with the user-operated controller will result in deployment of the proximal segment.
The controller mechanism may further provide specific haptic feedback during deployment of a
given segment, such as deployment of the proximal segment. For example, the haptic feedback
may be in the form of an increase or decrease in resistance upon the user-operated controller, for
example, which corresponds to the degree to which the proximal segment is deployed.

In some embodiments, the controller mechanism may further include a friction-based
feature configured to provide stable movement of at least one of the proximal and distal
segments between the retracted and expanded configurations and further provide active feedback

to a user indicative of deployment of at least one of the proximal and distal segments. The
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friction-based feature may include, for example, a lock mechanism configured to provide
constant friction between one or more portions of the rack and pinion assembly sufficient to
maintain a position of at least one of the proximal and distal segments during deployment
thereof.

For example, the constant friction may be sufficient to hold either of the proximal or
distal segments in a certain position as the segment transitions between retracted and expanded
configurations regardless of whether the user maintains contact with the user-operated controller.
In other words, a user does not need to maintain contact with the user-operated controller in
order to ensure that the proximal or distal segment holds a certain position during deployment
thereof. Rather, a user can simply interact with the user-operated controller to transition one of
the proximal and distal segments to a desired configuration and the constant friction provided by
the locking mechanism is sufficient to maintain the configuration of proximal or distal segment
in the event that the user goes hands free (i.e., removes any contact with the user-operated
controller). The constant friction is of a level sufficient to prevent undesired movement of the
proximal or distal segments (i.e., unintended collapsing or expanding), while still allowing for a
user to overcome such friction to move the proximal or distal segment to a desired configuration
upon user input with the user-operated controller.

In some embodiments, the user-operated controller includes a slider mechanism operably
associated with the rack and pinion rail assembly, wherein movement of the slider mechanism in
a first direction results in transitioning of at least one of the proximal and distal segments to an
expanded configuration and movement of the slider mechanism in a second opposite direction
results in transitioning of at least one of the proximal and distal segments to the retracted
configuration. In other embodiments, the user-operated controller includes a scroll wheel
mechanism operably associated with the rack and pinion rail assembly, wherein rotation of the
wheel in a first direction results in transitioning of at least one of the proximal and distal
segments to an expanded configuration and rotation of the wheel in a second opposite direction
results in transitioning of at least one of the proximal and distal segments to the retracted
configuration. As such, during deployment of the proximal segment, the slider mechanism or
scroll wheel may provide increased resistance to a user as the user transitions the proximal

segment from a fully retracted configuration to a fully deployed configuration.
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Accordingly, during deployment of either of the distal and proximal segments, the
controller mechanism provides active feedback to the user, wherein such active feedback can be
indicative of which segment is being actively controlled and/or the extent of deployment of
either of the distal or proximal segments, thereby improving user control over the deployment of
either of the distal and proximal segments.

Upon securing the proximal segment to the middle turbinate, the method 600 further
includes delivering energy, via the proximal segment, to the middle turbinate to treat a condition
(operation 660). The condition may include, but is not limited to, allergic rhinitis, non-allergic
rhinitis, chronic rhinitis, acute rhinitis, chronic sinusitis, acute sinusitis, chronic rhinosinusitis,
acute rhinosinusitis, and medical resistant rhinitis, and a combination thereof. In some
embodiments, delivering energy from the proximal segment includes delivering radiofrequency
(RF) energy, via one or more electrodes provided by the proximal segment, to tissue of the
middle turbinate at one or more target sites, wherein the one or more target sites are associated
with parasympathetic nerve supply. In some embodiments, RF energy is delivered, via the one
or more electrodes provided by the proximal segment, at a level sufficient to therapeutically
modulate postganglionic parasympathetic nerves innervating nasal mucosa at an innervation
pathway within the nasal cavity of the patient.

FIG. 16 is a flow diagram illustrating another embodiment of a method 700 for treating a
condition within a nasal cavity of a patient. The method 700 includes providing a treatment
device comprising an elongate body including one or more of a first set of electrodes provided
along a length thereof and a retractable and expandable end effector operably associated with the
elongate body and including one or more of a second set of electrodes provided thereon
(operation 710).

The method 700 further includes advancing the shaft and end effector through a nasal
passage and into a nasal cavity of a patient (operation 720) at which point a length of the
elongate body is positioned at a first target site and the end effector is positioned at a second
target site separate from the first target site (operation 730). For example, in some embodiments,
the procedure may involve extending the elongate body into the nasal passage (NP), through the
inferior meatus (IM) between the inferior turbinate (IT) and the nasal sill (NS). In other
embodiments, the procedure may involve extending the elongate body into the nasal passage

(NP), through the middle meatus (MM) between the inferior turbinate (IT) and the middle
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turbinate (MT). In each instance, a proximal segment (of the end effector) is arranged in a
deployed configuration to fit around at least a portion of a middle turbinate at an anterior position
relative to a lateral attachment and a posterior-inferior edge of the middle turbinate and a
separate distal segment (of the end effector) is configured in a deployed configuration to contact
a plurality of tissue locations in a cavity at a posterior position relative to the lateral attachment
and posterior-inferior edge of the middle turbinate. Additionally, the elongate body resides in a
location adjacent to the inferior turbinate (IT).

The method 700 further includes delivering energy from the first and second sets of
electrodes (associated with elongate body and end effector, respectively) to tissue at the first and
second target sites, respectively (operation 740). In particular, a given procedure, the surgeon
may utilize the multi-segment end effector to deliver energy (via electrodes) at a level sufficient
to therapeutically modulate postganglionic parasympathetic nerves innervating nasal mucosa at
microforamina of a palatine bone of the patient and further utilize the elongate body to deliver
energy (via electrodes) at a level sufficient to reduce engorgement of tissue associated with the
inferior turbinate to thereby increase volumetric flow through the nasal passage of the patient.
Such a combination of energy delivery to two specific targeted sites improves the manner in
which at least one of rhinitis, congestion, and rhinorrhea are treated, thereby increasing the
potential for reducing or completely eliminating symptoms associated therewith, including, but
not limited to, coughing, sneezing, nasal or throat irritation and itching, and difficulty sleeping.

Accordingly, the treatment device of the present invention recognizes the desire or need
to treat larger areas within the nasal cavity or passage that are located outside of a treatment zone
associated with the end effector. For example, when performing surgical procedures using
current rhinitis treatment devices, the surgeon must reposition an end effector when attempting to
treat multiple areas within the nasal cavity, particularly those areas that are located outside of any
given treatment zone. The need to reposition the end effector multiple times during a given
procedure can lead to inaccuracy when delivering energy, resulting in unintended collateral
damage, and further increases the time in which it takes to complete a given procedure. The
treatment device of the present invention recognizes and addresses this problem by providing an
elongate body including one or more electrodes thereon, in addition to a multi-segment end
effector operably associated with the elongate body and including separate electrodes thereon.

Accordingly, the elongate body serves to not only aid in positioning and delivering the end
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effector to a desired target site (to which the end effector may deliver energy), but the elongate
body can also deliver energy to a target site that is separate and remote from the end effector.
Such a design improves the efficiency with which a given procedure can be accomplished,
particularly those procedures requiring treatment to multiple, separate areas within the nasal
cavity or passage.

FIG. 17 is a flow diagram illustrating an embodiment of a method 800 for improving a
patient's sleep by treating at least one of rhinitis, congestion, and rhinorrhea within a sino-nasal
cavity of the patient. As previously described, the most common and impactful symptoms of
rhinosinusitis include a runny nose, coughing, sneezing, nasal and/or throat irritation and itching,
and overall general congestion of the nasal passage. As a result, sleep problems are very
common in individuals suffering from rhinitis, as such symptoms impact a person's ability to
either fall asleep or remain asleep for adequate periods of time. In addition, sleep problems are
linked with fatigue and daytime sleepiness, as well as decreased productivity at work or school,
impaired learning and memory, depression, and a reduced quality of life.

The method 800 includes delivering energy to one or more target sites within a sino-nasal
cavity of the patient to disrupt multiple neural signals to, and/or result in local hypoxia of, mucus
producing and/or mucosal engorgement elements, thereby reducing production of mucus and/or
mucosal engorgement within a nose of the patient and reducing or eliminate one or more
symptoms associated with at least one of rhinitis, congestion, and rhinorrhea to improve nasal
breathability of the patient (operation 810). The one or more symptoms associated with at least
one of rhinitis, congestion, and rhinorrhea are selected from the group consisting of nasal
congestion, coughing, sneezing, and nasal or throat irritation and itching.

In some embodiments, the step of delivering energy results in ablation of targeted tissue
at one or more locations to thereby disrupt the multiple neural signals to the mucus producing
and/or mucosal engorgement elements within the nose. For example, the targeted tissue may be
associated with one or more target sites proximate or inferior to a sphenopalatine foramen. The
energy may be delivered at a level sufficient to therapeutically modulate postganglionic
parasympathetic nerves innervating nasal mucosa at foramina and or microforamina of a palatine
bone of the patient. As a result, the energy delivered may cause multiple points of interruption

of neural branches extending through foramina and microforamina of palatine bone.
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Additionally, or alternatively, the step of delivering energy may result in ablation of
targeted tissue at one or more locations to thereby result in local hypoxia of the mucus producing
and/or mucosal engorgement elements within the nose. For example, in some embodiments, the
ablation of targeted tissue may cause thrombus formation within one or more blood vessels
associated with mucus producing and/or mucosal engorgement elements within the nose. As
such, the resulting local hypoxia of the mucus producing and/or mucosal engorgement elements
may result in decreased mucosal engorgement to thereby increase volumetric flow through a
nasal passage of the patient.

It should be noted that the ablation may include thermal ablation, which may be in the
form of cyro-ablation, for example. In other embodiments, the ablation may be caused by
delivery of radiofrequency (RF) energy.

In some embodiments, the ablation may be caused by a treatment device comprising a
handle, an elongate body extending therefrom, and a retractable and expandable end effector
operably associated with the elongate body. Accordingly, during a procedure, the method may
include advancing the end effector into the sino-nasal cavity and positioning the end effector at a
target site(s). The handle may generally control transformation of the end effector from a
retracted state to an expanded state. The end effector may include a plurality of energy delivery
elements provided thereon, such as electrodes, for example.

When in the expanded state, the end effector may generally position one or more of the
plurality of energy delivery elements relative to the one or more target sites. In some
embodiments, the end effector includes a proximal segment that is spaced apart from a separate
distal segment. In some embodiments, the proximal segment may include a first set of flexible
support elements arranged in a deployed configuration to fit around at least a portion of a middle
turbinate at an anterior position relative to a lateral attachment and a posterior-inferior edge of
the middle turbinate and position one or more energy delivery elements into contact with one or
more respective tissue locations associated with the middle turbinate and the distal segment may
include a second set of flexible support elements configured in a deployed configuration to
position one or more energy delivery elements into contact with one or more respective tissue
locations in a cavity at a posterior position relative to the lateral attachment and posterior-inferior

edge of the middle turbinate.
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In some embodiments, the elongate body may include a shaft to which the end effector is
coupled. The shaft includes an outer sheath surrounding a hypotube or metallic member,
wherein at least one of the outer sheath and hypotube and metallic member includes the one or
more energy delivering elements provided thereon. Yet still, in other embodiments, the elongate
body may include one or more of a plurality of support elements forming at least a portion of the
end effector. The energy delivering elements of the elongate body may be configured to deliver
energy at one or more target sites associated with an inferior or middle turbinate within the sino-
nasal cavity of the patient at a level sufficient to reduce engorgement of tissue associated

therewith to thereby increase volumetric flow through a nasal passage of the patient.

Neuromodulation Monitoring. Feedback, and Mapping Capabilities

As previously described, the system 100 includes a console 104 to which the device 102
is to be connected. The console 104 is configured to provide various functions for the
neuromodulation device 102, which may include, but is not limited to, controlling, monitoring,
supplying, and/or otherwise supporting operation of the neuromodulation device 102. The
console 104 can further be configured to generate a selected form and/or magnitude of energy for
delivery to tissue or nerves at the target site via the end effector 114, and therefore the console
104 may have different configurations depending on the treatment modality of the device 102.
For example, when device 102 is configured for electrode-based, heat-element-based, and/or
transducer-based treatment, the console 104 includes an energy generator 106 configured to
generate RF energy (e.g., monopolar, bipolar, or multi-polar RF energy), pulsed electrical
energy, microwave energy, optical energy, ultrasound energy (e.g., intraluminally-delivered
ultrasound and/or HIFU), direct heat energy, radiation (e.g., infrared, visible, and/or gamma
radiation), and/or another suitable type of energy. When the device 102 is configured for
cryotherapeutic treatment, the console 104 can include a refrigerant reservoir (not shown), and
can be configured to supply the device 102 with refrigerant. Similarly, when the device 102 is
configured for chemical-based treatment (e.g., drug infusion), the console 104 can include a
chemical reservoir (not shown) and can be configured to supply the device 102 with one or more

chemicals.
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In some embodiments, the console 104 may include a controller 107 communicatively
coupled to the neuromodulation device 102. However, in the embodiments described herein, the
controller 107 may generally be carried by and provided within the handle 118 of the
neuromodulation device 102. The controller 107 is configured to initiate, terminate, and/or
adjust operation of one or more electrodes provided by the end effector 114 directly and/or via
the console 104. For example, the controller 107 can be configured to execute an automated
control algorithm and/or to receive control instructions from an operator (e.g., surgeon or other
medical professional or clinician). For example, the controller 107 and/or other components of
the console 104 (e.g., processors, memory, etc.) can include a computer-readable medium
carrying instructions, which when executed by the controller 107, causes the device 102 to
perform certain functions (e.g., apply energy in a specific manner, detect impedance, detect
temperature, detect nerve locations or anatomical structures, perform nerve mapping, etc.). A
memory includes one or more of various hardware devices for volatile and non-volatile storage,
and can include both read-only and writable memory. For example, a memory can comprise
random access memory (RAM), CPU registers, read-only memory (ROM), and writable non-
volatile memory, such as flash memory, hard drives, floppy disks, CDs, DVDs, magnetic storage
devices, tape drives, device buffers, and so forth. A memory is not a propagating signal divorced
from underlying hardware; a memory is thus non-transitory.

The console 104 may further be configured to provide feedback to an operator before,
during, and/or after a treatment procedure via mapping/evaluation/feedback algorithms 110. For
example, the mapping/evaluation/feedback algorithms 110 can be configured to provide
information associated with the location of nerves at the treatment site, the location of other
anatomical structures (e.g., vessels) at the treatment site, the temperature at the treatment site
during monitoring and modulation, and/or the effect of the therapeutic neuromodulation on the
nerves at the treatment site. In certain embodiments, the mapping/evaluation/feedback algorithm
110 can include features to confirm efficacy of the treatment and/or enhance the desired
performance of the system 100. For example, the mapping/evaluation/feedback algorithm 110,
in conjunction with the controller 107 and the end effector 114, can be configured to monitor
neural activity and/or temperature at the treatment site during therapy and automatically shut off
the energy delivery when the neural activity and/or temperature reaches a predetermined

threshold (e.g., a threshold reduction in neural activity, a threshold maximum temperature when
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applying RF energy, or a threshold minimum temperature when applying cryotherapy). In other
embodiments, the mapping/evaluation/feedback algorithm 110, in conjunction with the controller
107, can be configured to automatically terminate treatment after a predetermined maximum
time, a predetermined maximum impedance or resistance rise of the targeted tissue (i.e., in
comparison to a baseline impedance measurement), a predetermined maximum impedance of the
targeted tissue), and/or other threshold values for biomarkers associated with autonomic
function. This and other information associated with the operation of the system 100 can be
communicated to the operator via a display 112 (e.g., a monitor, touchscreen, user interface, etc.)
on the console 104 and/or a separate display (not shown) communicatively coupled to the
console 104,

In various embodiments, the end effector 114 and/or other portions of the system 100 can
be configured to detect various bioelectric-parameters of the tissue at the target site, and this
information can be used by the mapping/evaluation/feedback algorithms 110 to determine the
anatomy at the target site (e.g., tissue types, tissue locations, vasculature, bone structures,
foramen, sinuses, etc.), locate neural structures, differentiate between different types of neural
structures, map the anatomical and/or neural structure at the target site, and/or identify
neuromodulation patterns of the end effector 114 with respect to the patient's anatomy. For
example, the end effector 114 can be used to detect resistance, complex electrical impedance,
dielectric properties, temperature, and/or other properties that indicate the presence of neural
fibers and/or other anatomical structures in the target region. In certain embodiments, the end
effector 114, together with the mapping/evaluation/feedback algorithms 110, can be used to
determine resistance (rather than impedance) of the tissue (i.e., the load) to more accurately
identify the characteristics of the tissue. The mapping/evaluation/feedback algorithms 110 can
determine resistance of the tissue by detecting the actual power and current of the load (e.g., via
the electrodes 136).

In some embodiments, the system 100 provides resistance measurements with a high
degree of accuracy and a very high degree of precision, such as precision measurements to the
hundredths of an Ohm (e.g., 0.01Q) for the range of 1-50Q. The high degree of resistance
detection accuracy provided by the system 100 allows for the detection sub-microscale
structures, including the firing of neural structures, differences between neural structures and

other anatomical structures (e.g., blood vessels), and event different types of neural structures.
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This information can be analyzed by the mapping/evaluation/feedback algorithms and/or the
controller 107 and communicated to the operator via a high resolution spatial grid (e.g., on the
display 112) and/or other type of display to identify neural structures and other anatomy at the
treatment site and/or indicate predicted neuromodulation regions based on the ablation pattern
with respect to the mapped anatomy.

As previously described, in certain embodiments, each electrode 136 can be operated
independently of the other electrodes 136. For example, each electrode can be individually
activated and the polarity and amplitude of each electrode can be selected by an operator or a
control algorithm executed by the controller 107. The selective independent control of the
electrodes 136 allows the end effector 114 to detect information and deliver RF energy to highly
customized regions. For example, a select portion of the electrodes 136 can be activated to target
specific neural fibers in a specific region while the other electrodes 136 remain inactive. In
certain embodiments, for example, electrodes 136 may be activated across the portion of the
second segment 124 that is adjacent to tissue at the target site, and the electrodes 136 that are not
proximate to the target tissue can remain inactive to avoid applying energy to non-target tissue.
In addition, the electrodes 136 can be individually activated to stimulate or therapeutically
modulate certain regions in a specific pattern at different times (e.g., via multiplexing), which
facilitates detection of anatomical parameters across a zone of interest and/or regulated
therapeutic neuromodulation.

The electrodes 136 can be electrically coupled to the energy generator 106 via wires (not
shown) that extend from the electrodes 136, through the shaft 116, and to the energy generator
106. When each of the electrodes 136 is independently controlled, each electrode 136 couples to
a corresponding wire that extends through the shaft 116. This allows each electrode 136 to be
independently activated for stimulation or neuromodulation to provide precise ablation patterns
and/or individually detected via the console 104 to provide information specific to each electrode
136 for neural or anatomical detection and mapping. In other embodiments, multiple electrodes
136 can be controlled together and, therefore, multiple electrodes 136 can be electrically coupled
to the same wire extending through the shaft 116. The energy generator 16 and/or components
(e.g., a control module) operably coupled thereto can include custom algorithms to control the
activation of the electrodes 136. For example, the RF generator can deliver RF power at about

200-100 W to the electrodes 136, and do so while activating the electrodes 136 in a
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predetermined pattern selected based on the position of the end effector 114 relative to the
treatment site and/or the identified locations of the target nerves. In other embodiments, the
energy generator 106 delivers power at lower levels (e.g., less than 1 W, 1-5 W, 5-15 W, 15-50
W, 50-150 W, etc.) for stimulation and/or higher power levels. For example, the energy
generator 106 can be configured to delivery stimulating energy pulses of 1-3 W via the
electrodes 136 to stimulate specific targets in the tissue.

As previously described, the end effector 114 can further include one or more
temperature sensors disposed on the flexible first and second segments 122, 124 and/or other
portions of the end effector 114 and electrically coupled to the console 104 via wires (not shown)
that extend through the shaft 116. In various embodiments, the temperature sensors can be
positioned proximate to the electrodes 136 to detect the temperature at the interface between
tissue at the target site and the electrodes 136. In other embodiments, the temperature sensors
can penetrate the tissue at the target site (e.g., a penetrating thermocouple) to detect the
temperature at a depth within the tissue. The temperature measurements can provide the
operator or the system with feedback regarding the effect of the therapeutic neuromodulation on
the tissue. For example, in certain embodiments the operator may wish to prevent or reduce
damage to the tissue at the treatment site (e.g., the nasal mucosa), and therefore the temperature
sensors can be used to determine if the tissue temperature reaches a predetermined threshold for
irreversible tissue damage. Once the threshold is reached, the application of therapeutic
neuromodulation energy can be terminated to allow the tissue to remain intact and avoid
significant tissue sloughing during wound healing. In certain embodiments, the energy delivery
can automatically terminate based on the mapping/evaluation/feedback algorithm 110 stored on
the console 104 operably coupled to the temperature sensors.

In certain embodiments, the system 100 can determine the locations and/or morphology
of neural structures and/or other anatomical structures before therapy such that the therapeutic
neuromodulation can be applied to precise regions including target neural structures, while
avoiding negative effects on non-target structures, such as blood vessels. As described in further
detail below, the system 100 can detect various bioelectrical parameters in an interest zone (e.g.,
within in the nasal cavity) to determine the location and morphology of various neural structures
(e.g., different types of neural structures, neuronal directionality, etc.) and/or other tissue (e.g.,

glandular structures, vessels, bony regions, etc.). In some embodiments, the system 100 is
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configured to measure bioelectric potential. To do so, one or more of the electrodes 136 is
placed in contact with an epithelial surface at a region of interest (e.g., a treatment site).
Electrical stimuli (e.g., constant or pulsed currents at one or more frequencies) are applied to the
tissue by one or more electrodes 136 at or near the treatment site, and the voltage and/or current
differences at various different frequencies between various pairs of electrodes 136 of the end
effector 114 may be measured to produce a spectral profile or map of the detected bioelectric
potential, which can be used to identify different types of tissues (e.g., vessels, neural structures,
and/or other types of tissue) in the region of interest. For example, current (i.e., direct or
alternating current) can be applied to a pair of electrodes 136 adjacent to each other and the
resultant voltages and/or currents between other pairs of adjacent electrodes 136 are measured.

It will be appreciated that the current injection electrodes 136 and measurement electrodes 136
need not be adjacent, and that modifying the spacing between the two current injection
electrodes 136 can affect the depth of the recorded signals. For example, closely-spaced current
injection electrodes 136 provided recorded signals associated with tissue deeper from the surface
of the tissue than further spaced apart current injection electrodes 136 that provide recorded
signals associated with tissue at shallower depths. Recordings from electrode pairs with different
spacings may be merged to provide additional information on depth and localization of
anatomical structures.

Further, complex impedance and/or resistance measurements of the tissue at the region of
interest can be detected directly from current-voltage data provided by the bioelectric potential
measurements while differing levels of frequency currents are applied to the tissue (e.g., via the
end effector 114), and this information can be used to map the neural and anatomical structures
by the use of frequency differentiation reconstruction. Applying the stimuli at different
frequencies will target different stratified layers or cellular bodies or clusters. At high signal
frequencies (e.g., electrical injection or stimulation), for example, cell membranes of the neural
structures do not impede current flow, and the current passes directly through the cell
membranes. In this case, the resultant measurement (e.g., impedance, resistance, capacitance,
and/or induction) is a function of the intracellular and extracellular tissue and liquids. At low
signal frequencies, the membranes impede current flow to provide different defining
characteristics of the tissues, such as the shapes of the cells or cell spacing. The stimulation

frequencies can be in the megahertz range, in the kilohertz range (e.g., 400-500 kHz, 450-480

56

Aerin Exhibit 1011, Page 2151 of 2183
Aerin Medical Inc. v. Neurent Medical Ltd.
IPR2025-01127



10

15

20

25

30

Attorney Docket No.: NEURE-008/03US 35242/151

kHz, etc.), and/or other frequencies attuned to the tissue being stimulated and the characteristics
of the device being used. The detected complex impedance or resistances levels from the zone
of interest can be displayed to the user (e.g., via the display 112) to visualize certain structures
based on the stimulus frequency.

Further, the inherent morphology and composition of the anatomical structures in the
nasal region react differently to different frequencies and, therefore, specific frequencies can be
selected to identify very specific structures. For example, the morphology or composition of
targeted structures for anatomical mapping may depend on whether the cells of tissue or other
structure are membranonic, stratified, and/or annular. In various embodiments, the applied
stimulation signals can have predetermined frequencies attuned to specific neural structures, such
as the level of myelination and/or morphology of the myelination. For example, second axonal
parasympathetic structures are poorly myelinated than sympathetic nerves or other structures
and, therefore, will have a distinguishable response (e.g., complex impedance, resistance, etc.)
with respect to a selected frequency than sympathetic nerves. Accordingly, applying signals
with different frequencies to the target site can distinguish the targeted parasympathetic nerves
from the non-targeted sensory nerves, and therefore provide highly specific target sites for neural
mapping before or after therapy and/or neural evaluation post-therapy. In some embodiments,
the neural and/or anatomical mapping includes measuring data at a region of interest with at least
two different frequencies to identify certain anatomical structures such that the measurements are
taken first based on a response to an injection signal having a first frequency and then again
based on an injection signal having a second frequency different from the first. For example,
there are two frequencies at which hypertrophied (i.e., disease-state characteristics) sub-mucosal
targets have a different electrical conductivity or permittivity compared to “normal” (i.e.,
healthy) tissue. Complex conductivity may be determined based on one or more measured
physiological parameters (e.g., complex impedance, resistance, dielectric measurements, dipole
measurements, etc.) and/or observance of one or more confidently known attributes or
signatures. Furthermore, the system 100 can also apply neuromodulation energy via the
electrodes 136 at one or more predetermined frequencies attuned to a target neural structure to
provide highly targeted ablation of the selected neural structure associated with the
frequency(ies). This highly targeted neuromodulation also reduces the collateral effects of

neuromodulation therapy to non-target sites/structures (e.g., blood vessels) because the targeted

57

Aerin Exhibit 1011, Page 2152 of 2183

Aerin Medical Inc. v. Neurent Medical Ltd.
IPR2025-01127



10

15

20

25

30

Attorney Docket No.: NEURE-008/03US 35242/151

signal (having a frequency tuned to a target neural structure) will not have the same modulating
effects on the non-target structures.

Accordingly, bioelectric properties, such as complex impedance and resistance, can be
used by the system 100 before, during, and/or after neuromodulation therapy to guide one or
more treatment parameters. For example, before, during, and/or after treatment, impedance or
resistance measurements may be used to confirm and/or detect contact between one or more
electrodes 136 and the adjacent tissue. The impedance or resistance measurements can also be
used to detect whether the electrodes 136 are placed appropriately with respect to the targeted
tissue type by determining whether the recorded spectra have a shape consistent with the
expected tissue types and/or whether serially collected spectra were reproducible. In some
embodiments, impedance or resistance measurements may be used to identify a boundary for the
treatment zone (e.g., specific neural structures that are to be disrupted), anatomical landmarks,
anatomical structures to avoid (e.g., vascular structures or neural structures that should not be
disrupted), and other aspects of delivering energy to tissue.

The bioelectric information can be used to produce a spectral profile or map of the
different anatomical features tissues at the target site, and the anatomical mapping can be
visualized in a 3D or 2D image via the display 112 and/or other user interface to guide the
selection of a suitable treatment site. This neural and anatomical mapping allows the system 100
to accurately detect and therapeutically modulate the postganglionic parasympathetic neural
fibers that innervate the mucosa at the numerous neural entrance points into the nasal cavity.
Further, because there are not any clear anatomical markers denoting the location of the SPF,
accessory foramen, and microforamina, the neural mapping allows the operator to identify and
therapeutically modulate nerves that would otherwise be unidentifiable without intricate
dissection of the mucosa. In addition, anatomical mapping also allows the clinician to identify
certain structures that the clinician may wish to avoid during therapeutic neural modulation (e.g.,
certain arteries). The neural and anatomical bioelectric properties detected by the system 100
can also be used during and after treatment to determine the real-time effect of the therapeutic
neuromodulation on the treatment site. For example, the mapping/evaluation/feedback
algorithms 110 can also compare the detected neural locations and/or activity before and after

therapeutic neuromodulation, and compare the change in neural activity to a predetermined
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threshold to assess whether the application of therapeutic neuromodulation was effective across
the treatment site.

In various embodiments, the system 100 can also be configured to map the expected
therapeutic modulation patterns of the electrodes 136 at specific temperatures and, in certain
embodiments, take into account tissue properties based on the anatomical mapping of the target
site. For example, the system 100 can be configured to map the ablation pattern of a specific
electrode ablation pattern at the 45° C. isotherm, the 55° C. isotherm, the 65° C. isotherm, and/or
other temperature/ranges (e.g., temperatures ranging from 45° C. to 70° C. or higher) depending
on the target site and/or structure.

The system 100 may provide, via the display 112, three-dimensional views of such
projected ablation patterns of the electrodes 136 of the end effector 114. The ablation pattern
mapping may define a region of influence that each electrode 136 has on the surrounding tissue.
The region of influence may correspond to the region of tissue that would be exposed to
therapeutically modulating energy based on a defined electrode activation pattern (i.e., one, two,
three, four, or more electrodes on any given strut of the first and second segments 122, 124). In
other words, the ablation pattern mapping can be used to illustrate the ablation pattern of any
number of electrodes 136, any geometry of the electrode layout, and/or any ablation activation
protocol (e.g., pulsed activation, multi-polar/sequential activation, etc.).

In some embodiments, the ablation pattern may be configured such that each electrode
136 has a region of influence surrounding only the individual electrode 136 (i.e., a “dot” pattern).
In other embodiments, the ablation pattern may be such that two or more electrodes 136 may link
together to form a sub-grouped regions of influence that define peanut-like or linear shapes
between two or more electrodes 136. In further embodiments, the ablation pattern can result in a
more expansive or contiguous pattern in which the region of influence extends along multiple
electrodes 136 (e.g., along each strut). In still further embodiments, the ablation pattern may
result in different regions of influence depending upon the electrode activation pattern, phase
angle, target temperature, pulse duration, device structure, and/or other treatment parameters.
The three-dimensional views of the ablation patterns can be output to the display 112 and/or
other user interfaces to allow the clinician to visualize the changing regions of influence based
on different durations of energy application, different electrode activation sequences (e.g.,

multiplexing), different pulse sequences, different temperature isotherms, and/or other treatment
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parameters. This information can be used to determine the appropriate ablation algorithm for a
patient's specific anatomy. In other embodiments, the three-dimensional visualization of the
regions of influence can be used to illustrate the regions from which the electrodes 136 detect
data when measuring bioelectrical properties for anatomical mapping. In this embodiment, the
three dimensional visualization can be used to determine which electrode activation pattern
should be used to determine the desired properties (e.g., impedance, resistance, etc.) in the
desired area. In certain embodiments, it may be better to use dot assessments, whereas in other
embodiments it may be more appropriate to detect information from linear or larger contiguous
regions.

In some embodiments, the mapped ablation pattern is superimposed on the anatomical
mapping to identify what structures (e.g., neural structures, vessels, etc.) will be therapeutically
modulated or otherwise affected by the therapy. An image may be provided to the surgeon
which includes a digital illustration of a predicted or planned neuromodulation zone in relation to
previously identified anatomical structures in a zone of interest. For example, the illustration
may show numerous neural structures and, based on the predicted neuromodulation zone,
identifies which neural structures are expected to be therapeutically modulated. The expected
therapeutically modulated neural structures may be shaded to differentiate them from the non-
affected neural structures. In other embodiments, the expected therapeutically modulated neural
structures can be differentiated from the non-affected neural structures using different colors
and/or other indicators. In further embodiments, the predicted neuromodulation zone and
surrounding anatomy (based on anatomical mapping) can be shown in a three dimensional view
(and/or include different visualization features (e.g., color-coding to identify certain anatomical
structures, bioelectric properties of the target tissue, etc.). The combined predicted ablation
pattern and anatomical mapping can be output to the display 112 and/or other user interfaces to
allow the clinician to select the appropriate ablation algorithm for a patient's specific anatomy.

The imaging provided by the system 100 allows the clinician to visualize the ablation
pattern before therapy and adjust the ablation pattern to target specific anatomical structures
while avoiding others to prevent collateral effects. For example, the clinician can select a
treatment pattern to avoid blood vessels, thereby reducing exposure of the vessel to the
therapeutic neuromodulation energy. This reduces the risk of damaging or rupturing vessels and,

therefore, prevents immediate or latent bleeding. Further, the selective energy application
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provided by the neural mapping reduces collateral effects of the therapeutic neuromodulation,
such as tissue sloughing off during wound healing (e.g., 1-3 weeks post ablation), thereby
reducing the aspiration risk associated with the neuromodulation procedure.

The system 100 can be further configured to apply neuromodulation energy (via the
electrodes 136) at specific frequencies attuned to the target neural structure and, therefore,
specifically target desired neural structures over non-target structures. For example, the specific
neuromodulation frequencies can correspond to the frequencies identified as corresponding to
the target structure during neural mapping. As described above, the inherent morphology and
composition of the anatomical structures react differently to different frequencies. Thus,
frequency-tuned neuromodulation energy tailored to a target structure does not have the same
modulating effects on non-target structures. More specifically, applying the neuromodulation
energy at the target-specific frequency causes ionic agitation in the target neural structure,
leading to differentials in osmotic potentials of the targeted neural structures and dynamic
changes in neuronal membronic potentials (resulting from the difference in intra-cellular and
extra-cellular fluidic pressure). This causes degeneration, possibly resulting in vacuolar
degeneration and, eventually, necrosis at the target neural structure, but is not expected to
functionally affect at least some non-target structures (e.g., blood vessels). Accordingly, the
system 100 can use the neural-structure specific frequencies to both (1) identify the locations of
target neural structures to plan electrode ablation configurations (e.g., electrode geometry and/or
activation pattern) that specifically focus the neuromodulation on the target neural structure; and
(2) apply the neuromodulation energy at the characteristic neural frequencies to selectively ablate
the neural structures responsive to the characteristic neural frequencies. For example, the end
effector 114 of the system 100 may selectively stimulate and/or modulate parasympathetic fibers,
sympathetic fibers, sensory fibers, alpha/beta/delta fibers, C-fibers, anoxic terminals of one or
more of the foregoing, insulated over non-insulated fibers (regions with fibers), and/or other
neural structures. In some embodiments, the system 100 may also selectively target specific
cells or cellular regions during anatomical mapping and/or therapeutic modulation, such as
smooth muscle cells, sub-mucosal glands, goblet cells, stratified cellular regions within the nasal
mucosa. Therefore, the system 100 provides highly selective neuromodulation therapy specific
to targeted neural structures, and reduces the collateral effects of neuromodulation therapy to

non-target structures (e.g., blood vessels).
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The present disclosure provides a method of anatomical mapping and therapeutic
neuromodulation. The method includes expanding an end effector (i.e., end effector 114) ata
zone of interest (“interest zone”), such as in a portion of the nasal cavity. For example, the end
effector 114 can be expanded such that at least some of the electrodes 136 are placed in contact
with mucosal tissue at the interest zone. The expanded device can then take bioelectric
measurements via the electrodes 136 and/or other sensors to ensure that the desired electrodes
are in proper contact with the tissue at the interest zone. In some embodiments, for example, the
system 100 detects the impedance and/or resistance across pairs of the electrodes 136 to confirm
that the desired electrodes have appropriate surface contact with the tissue and that all of the
electrodes are 136 functioning properly.

The method continues by optionally applying an electrical stimulus to the tissue, and
detecting bioelectric properties of the tissue to establish baseline norms of the tissue. For
example, the method can include measuring resistance, complex impedance, current, voltage,
nerve firing rate, neuromagnetic field, muscular activation, and/or other parameters that are
indicative of the location and/or function of neural structures and/or other anatomical structures
(e.g., glandular structures, blood vessels, etc.). In some embodiments, the electrodes 136 send
one or more stimulation signals (e.g., pulsed signals or constant signals) to the interest zone to
stimulate neural activity and initiate action potentials. The stimulation signal can have a
frequency attuned to a specific target structure (e.g., a specific neural structure, a glandular
structure, a vessel) that allows for identification of the location of the specific target structure.
The specific frequency of the stimulation signal is a function of the host permeability and,
therefore, applying the unique frequency alters the tissue attenuation and the depth into the tissue
the RF energy will penetrate. For example, lower frequencies typically penetrate deeper into the
tissue than higher frequencies.

Pairs of the non-stimulating electrodes 136 of the end effector 114 can then detect one or
more bioelectric properties of the tissue that occur in response to the stimulus, such as impedance
or resistance. For example, an array of electrodes (e.g., the electrodes 136) can be selectively
paired together in a desired pattern (e.g., multiplexing the electrodes 136) to detect the
bioelectric properties at desired depths and/or across desired regions to provide a high level of
spatial awareness at the interest zone. In certain embodiments, the electrodes 136 can be paired

together in a time-sequenced manner according to an algorithm (e.g., provided by the
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mapping/evaluation/feedback algorithms 110). In various embodiments, stimuli can be injected
into the tissue at two or more different frequencies, and the resultant bioelectric responses (e.g.,
action potentials) in response to each of the injected frequencies can be detected via various pairs
of the electrodes 136. For example, an anatomical or neural mapping algorithm can cause the
end effector 114 to deliver pulsed RF energy at specific frequencies between different pairs of
the electrodes 136 and the resultant bioelectric response can be recorded in a time sequenced
rotation until the desired interest zone is adequately mapped (i.e., “multiplexing”). For example,
the end effector 114 can deliver stimulation energy at a first frequency via adjacent pairs of the
electrodes 136 for a predetermined time period (e.g., 1-50 milliseconds), and the resultant
bioelectric activity (e.g., resistance) can be detected via one or more other pairs of electrodes 136
(e.g., spaced apart from each other to reach varying depths within the tissue). The end effector
114 can then apply stimulation energy at a second frequency different from the first frequency,
and the resultant bioelectric activity can be detected via the other electrodes. This can continue
when the interest zone has been adequately mapped at the desired frequencies. As described in
further detail below, in some embodiments the baseline tissue bioelectric properties (e.g., nerve
firing rate) are detected using static detection methods (without the injection of a stimulation
signal).

After detecting the baseline bioelectric properties, the information can be used to map
anatomical structures and/or functions at the interest zone. For example, the bioelectric
properties detected by the electrodes 136 can be amazed via the mapping/evaluation/feedback
algorithms 110, and an anatomical map can be output to a user via the display 112. In some
embodiments, complex impedance, dielectric, or resistance measurements can be used to map
parasympathetic nerves and, optionally, identify neural structures in a diseased state of
hyperactivity. The bioelectric properties can also be used to map other non-target structures and
the general anatomy, such as blood vessels, bone, and/or glandular structures. The anatomical
locations can be provided to a user (e.g., on the display 112) as a two-dimensional map (e.g.,
illustrating relative intensities, illustrating specific sites of potential target structures) and/or as a
three-dimensional image. This information can be used to differentiate structures on a
submicron, cellular level and identify very specific target structures (e.g., hyperactive
parasympathetic nerves). The method can also predict the ablation patterns of the end effector

114 based on different electrode neuromodulation protocol and, optionally, superimpose the
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predicted neuromodulation patterns onto the mapped anatomy to indicate to the user which
anatomical structures will be affected by a specific neuromodulation protocol. For example,
when the predicted neuromodulation pattern is displayed in relation to the mapped anatomy, a
clinician can determine whether target structures will be appropriately ablated and whether non-
target structures (e.g., blood vessels) will be undesirably exposed to the therapeutic
neuromodulation energy. Thus, the method can be used for planning neuromodulation therapy to
locate very specific target structures, avoid non-target structures, and select electrode
neuromodulation protocols.

Once the target structure is located and a desired electrode neuromodulation protocol has
been selected, the method continues by applying therapeutic neuromodulation to the target
structure. The neuromodulation energy can be applied to the tissue in a highly targeted manner
that forms micro-lesions to selectively modulate the target structure, while avoiding non-targeted
blood vessels and allowing the surrounding tissue structure to remain healthy for effective
wound healing. In some embodiments, the neuromodulation energy can be applied in a pulsed
manner, allowing the tissue to cool between modulation pulses to ensure appropriate modulation
without undesirably affecting non-target tissue. In some embodiments, the neuromodulation
algorithm can deliver pulsed RF energy between different pairs of the electrodes 136 in a time
sequenced rotation until neuromodulation is predicted to be complete (i.e., “multiplexing”). For
example, the end effector 114 can deliver neuromodulation energy (e.g., having a power of 5-10
W(e.g.,7W, 8 W, 9W)and a current of about 50-100 mA) via adjacent pairs of the electrodes
136 until at least one of the following conditions is met: (a) load resistance reaches a predefined
maximum resistance (e.g., 350Q); (b) a thermocouple temperature associated with the electrode
pair reaches a predefined maximum temperature (e.g., 80° C.); or (¢) a predetermined time
period has elapsed (e.g., 10 seconds). After the predetermined conditions are met, the end
effector 114 can move to the next pair of electrodes in the sequence, and the neuromodulation
algorithm can terminate when all of the load resistances of the individual pairs of electrodes is at
or above a predetermined threshold (e.g., 100Q). In various embodiments, the RF energy can be
applied at a predetermined frequency (e.g., 450-500 kHz) and is expected to initiate ionic
agitation of the specific target structure, while avoiding functional disruption of non-target

structures.
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During and/or after neuromodulation therapy, the method continues by detecting and,
optionally, mapping the post-therapy bioelectric properties of the target site. This can be
performed in a similar manner as described above. The post-therapy evaluation can indicate if
the target structures (e.g., hyperactive parasympathetic nerves) were adequately modulated or
ablated. If the target structures are not adequately modulated (i.e., if neural activity is still
detected in the target structure and/or the neural activity has not decreased), the method can
continue by again applying therapeutic neuromodulation to the target. If the target structures

were adequately ablated, the neuromodulation procedure can be completed.

Detection of Anatomical Structures and Function

Various embodiments of the present technology can include features that measure bio-
electric, dielectric, and/or other properties of tissue at target sites to determine the presence,
location, and/or activity of neural structures and other anatomical structures and, optionally, map
the locations of the detected neural structures and/or other anatomical structures. For example,
the present technology can be used to detect glandular structures and, optionally, their
mucoserous functions and/or other functions. The present technology can also be configured to
detect vascular structures (e.g., arteries) and, optionally, their arterial functions, volumetric
pressures, and/or other functions. The mapping features discussed below can be incorporated
into any the system 100 and/or any other devices disclosed herein to provide an accurate
depiction of nerves at the target site.

Neural and/or anatomical detection can occur (a) before the application of a therapeutic
neuromodulation energy to determine the presence or location of neural structures and other
anatomical structures (e.g., blood vessels, glands, etc.) at the target site and/or record baseline
levels of neural activity; (b) during therapeutic neuromodulation to determine the real-time effect
of the energy application on the neural fibers at the treatment site; and/or (c) after therapeutic
neuromodulation to confirm the efficacy of the treatment on the targeted structures (e.g., nerves
glands, etc.). This allows for the identification of very specific anatomical structures (even to the
micro-scale or cellular level) and, therefore, provides for highly targeted neuromodulation. This
enhances the efficacy and efficiency of the neuromodulation therapy. In addition, the anatomical

mapping reduces the collateral effects of neuromodulation therapy to non-target sites.
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Accordingly, the targeted neuromodulation inhibits damage or rupture of blood vessels (i.e.,
inhibits undesired bleeding) and collateral damage to tissue that may be of concern during wound
healing (e.g., when damage tissue sloughs off of the wall of the nasal wall).

In certain embodiments, the systems disclosed herein can use bioelectric measurements,
such as impedance, resistance, voltage, current density, and/or other parameters (e.g.,
temperature) to determine the anatomy, in particular the neural, glandular, and vascular anatomy,
at the target site. The bioelectric properties can be detected after the transmission of a stimulus
(e.g., an electrical stimulus, such as RF energy delivered via the electrodes 136; i.e., “dynamic”
detection) and/or without the transmission of a stimulus (i.e., “static” detection).

Dynamic measurements include various embodiments to excite and/or detect primary or
secondary effects of neural activation and/or propagation. Such dynamic embodiments involve
the heightened states of neural activation and propagation and use this dynamic measurement for
nerve location and functional identification relative to the neighboring tissue types. For
example, a method of dynamic detection can include: (1) delivering stimulation energy to a
treatment site via a treatment device (e.g., the end effector 114) to excite parasympathetic nerves
at the treatment site; (2) measuring one or more physiological parameters (e.g., resistance,
impedance, etc.) at the treatment site via a measuring/sensing array of the treatment device (e.g.,
the electrodes 136); (4) based on the measurements, identifying the relative presence and
position of parasympathetic nerves at the treatment site; and (5) delivering ablation energy to the
identified parasympathetic nerves to block the detected para-sympathetic nerves.

Static measurements include various embodiments associated with specific native
properties of the stratified or cellular composition at or near the treatment site. The static
embodiments are directed to inherent biologic and electrical properties of tissue types at or near
the treatment site, the stratified or cellular compositions at or near the treatment site, and
contrasting both foregoing measurements with tissue types adjacent the treatment site (and that
are not targeted for neuromodulation). This information can be used to localize specific targets
(e.g., parasympathetic fibers) and non-targets (e.g., vessels, sensory nerves, etc.). For example, a
method of static detection can include: (1) before ablation, utilizing a measuring/sensing array of
a treatment device (e.g., the electrodes 136) to determine one or more baseline physiological
parameters; (2) geometrically identifying inherent tissue properties within a region of interest

based on the measured physiological parameters (e.g., resistance, impedance, etc.); (3) delivering
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ablation energy to one or more nerves within the region of via treatment device interest; (4)
during the delivery of the ablation energy, determining one or more mid-procedure physiological
parameters via the measuring/sensing array; and (5) after the delivery of ablation energy,
determining one or more post-procedure physiological parameters via the measurement/sensing
array to determine the effectiveness of the delivery of the ablation energy on blocking the nerves
that received the ablation energy.

After the initial static and/or dynamic detection of bioelectric properties, the location of
anatomical features can be used to determine where the treatment site(s) should be with respect
to various anatomical structures for therapeutically effective neuromodulation of the targeted
parasympathetic nasal nerves. The bioelectric and other physiological properties described
herein can be detected via electrodes (e.g., the electrodes 136 of the end effector 114), and the
electrode pairings on a device (e.g., end effector 114) can be selected to obtain the bioelectric
data at specific zones or regions and at specific depths of the targeted regions. The specific
properties detected at or surrounding target neuromodulation sites and associated methods for
obtaining these properties are described below. These specific detection and mapping methods
discussed below are described with reference to the system 100, although the methods can be
implemented on other suitable systems and devices that provide for anatomical identification,

anatomical mapping and/or neuromodulation therapy.

Neural Identification and Mapping

In many neuromodulation procedures, it is beneficial to identify the portions of the nerves
that fall within a zone and/or region of influence (referred to as the “interest zone”) of the energy
delivered by a neuromodulation device 102, as well as the relative three-dimensional position of
the neural structures relative to the neuromodulation device 102. Characterizing the portions of
the neural structures within the interest zone and/or determining the relative positions of the
neural structures within the interest zone enables the clinician to (1) selectively activate target
neural structures over non-target structures (e.g., blood vessels), and (2) sub-select specific
targeted neural structures (e.g., parasympathetic nerves) over non-target neural structures (e.g.,
sensory nerves, subgroups of neural structures, neural structures having certain compositions or

morphologies). The target structures (e.g., parasympathetic nerves) and non-target structures
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(e.g., blood vessels, sensory nerves, etc.) can be identified based on the inherent signatures of
specific structures, which are defined by the unique morphological compositions of the structures
and the bioelectrical properties associated with these morphological compositions. For example,
unique, discrete frequencies can be associated with morphological compositions and, therefore,
be used to identify certain structures. The target and non-target structures can also be identified
based on relative bioelectrical activation of the structures to sub-select specific neuronal
structures. Further, target and non-target structures can be identified by the differing detected
responses of the structures to a tailored injected stimuli. For example, the systems described
herein can detect the magnitude of response of structures and the difference in the responses of
anatomical structures with respect to differing stimuli (e.g., stimuli injected at different
frequencies).

At least for purposes of this disclosure, a nerve can include the following portions that are
defined based on their respective orientations relative to the interest zone: terminating neural
structures (e.g., terminating axonal structures), branching neural structures (e.g., branching
axonal structures), and travelling neural structures (e.g., travelling axonal structures). For
example, terminating neural structures enter the zone but do not exit. As such, terminating
neural structures are terminal points for neuronal signaling and activation. Branching neural
structures are nerves that enter the interest zone and increase number of nerves exiting the
interest zone. Branching neural structures are typically associated with a reduction in relative
geometry of nerve bundle. Travelling neural structures are nerves that enter the interest zone and
exit the zone with no substantially no change in geometry or numerical value.

The system 100 can be used to detect voltage, current, complex impedance, resistance,
permittivity, and/or conductivity, which are tied to the compound action potentials of nerves, to
determine and/or map the relative positions and proportionalities of nerves in the interest zone.
Neuronal cross-sectional area (“CSA”) is expected to be due to the increase in axonic structures.
Each axon is a standard size. Larger nerves (in cross-sectional dimension) have a larger number
of axons than nerves having smaller cross-sectional dimensions. The compound action
responses from the larger nerves, in both static and dynamic assessments, are greater than
smaller nerves. This is at least in part because the compound action potential is the cumulative
action response from each of the axons. When using static analysis, for example, the system 100

can directly measure and map impedance or resistance of nerves and, based on the determined
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impedance or resistance, determine the location of nerves and/or relative size of the nerves. In
dynamic analysis, the system 100 can be used to apply a stimulus to the interest zone and detect
the dynamic response of the neural structures to the stimulus. Using this information, the system
100 can determine and/or map impedance or resistance in the interest zone to provide
information related to the neural positions or relative nerve sizes. Neural impedance mapping
can be illustrated by showing the varying complex impedance levels at a specific location at
differing cross-sectional depths. In other embodiments, neural impedance or resistance can be
mapped in a three-dimensional display.

Identifying the portions and/or relative positions of the nerves within the interest zone
can inform and/or guide selection of one or more treatment parameters (e.g., electrode ablation
patterns, electrode activation plans, etc.) of the system 100 for improving treatment efficiency
and efficacy. For example, during neural monitoring and mapping, the system 100 can identify
the directionality of the nerves based at least in part on the length of the neural structure
extending along the interest zone, relative sizing of the neural structures, and/or the direction of
the action potentials. This information can then be used by the system 100 or the clinician to
automatically or manually adjust treatment parameters (e.g., selective electrode activation,
bipolar and/or multipolar activation, and/or electrode positioning) to target specific nerves or
regions of nerves. For example, the system 100 can selectively activate specific electrodes 136,
electrode combinations (e.g., asymmetric or symmetric), and/or adjust the bi-polar or multi-polar
electrode configuration. In some embodiments, the system 100 can adjust or select the
waveform, phase angle, and/or other energy delivery parameters based on the nerve
portion/position mapping and/or the nerve proportionality mapping. In some embodiments,
structure and/or properties of the electrodes 136 themselves (e.g., material, surface roughening,
coatings, cross-sectional area, perimeter, penetrating, penetration depth, surface-mounted, etc.)
may be selected based on the nerve portion and proportionality mapping.

In various embodiments, treatment parameters and/or energy delivery parameters can be
adjusted to target on-axis or near axis travelling neural structures and/or avoid the activation of
traveling neural structures that are at least generally perpendicular to the end effector 114.
Greater portions of the on-axis or near axis travelling neural structures are exposed and
susceptible to the neuromodulation energy provided by the end effector 114 than a perpendicular

travelling neural structure, which may only be exposed to therapeutic energy at a discrete cross-
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section. Therefore, the end effector 114 is more likely to have a greater effect on the on-axis or
near axis travelling neural structures. The identification of the neural structure positions (e.g.,
via complex impedance or resistance mapping) can also allow targeted energy delivery to
travelling neural structures rather than branching neural structures (typically downstream of the
travelling neural structures) because the travelling neural structures are closer to the nerve origin
and, therefore, more of the nerve is affected by therapeutic neuromodulation, thereby resulting in
a more efficient treatment and/or a higher efficacy of treatment. Similarly, the identification of
neural structure positions can be used to target travelling and branching neural structures over
terminal neural structures. In some embodiments, the treatment parameters can be adjusted
based on the detected neural positions to provide a selective regional effect. For example, a
clinician can target downstream portions of the neural structures if only wanting to influence
partial effects on very specific anatomical structures or positions.

In various embodiments, neural locations and/or relative positions of nerves can be
determined by detecting the nerve-firing voltage and/or current over time. An array of the
electrodes 136 can be positioned in contact with tissue at the interest zone, and the electrodes
136 can measure the voltage and/or current associated with nerve-firing. This information can
optionally be mapped (e.g., on a display 112) to identify the location of nerves in a hyper state
(i.e., excessive parasympathetic tone). Rhinitis is at least in part the result of over-firing nerves
because this hyper state drives the hyper-mucosal production and hyper-mucosal secretion.
Therefore, detection of nerve firing rate via voltage and current measurements can be used to
locate the portions of the interest region that include hyper-parasympathetic neural function (i.e.,
nerves in the diseased state). This allows the clinician to locate specific nerves (i.e., nerves with
excessive parasympathetic tone) before neuromodulation therapy, rather than simply targeting all
parasympathetic nerves (including non-diseased state parasympathetic nerves) to ensure that the
correct tissue is treated during neuromodulation therapy. Further, nerve firing rate can be
detected during or after neuromodulation therapy so that the clinician can monitor changes in
nerve firing rate to validate treatment efficacy. For example, recording decreases or elimination
of nerve firing rate after neuromodulation therapy can indicate that the therapy was effective in
therapeutically treating the hyper/diseased nerves.

In various embodiments, the system 100 can detect neural activity using dynamic

activation by injecting a stimulus signal (i.e., a signal that temporarily activates nerves) via one
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or more of the electrodes 136 to induce an action potential, and other pairs of electrodes 136 can
detect bioelectric properties of the neural response. Detecting neural structures using dynamic
activation involves detecting the locations of action potentials within the interest zone by
measuring the discharge rate in neurons and the associated processes. The ability to numerically
measure, profile, map, and/or image fast neuronal depolarization for generating an accurate
index of activity is a factor in measuring the rate of discharge in neurons and their processes.
The action potential causes a rapid increase in the voltage across nerve fiber and the electrical
impulse then spreads along the fiber. As an action potential occurs, the conductance of a neural
cell membrane changes, becoming about 40 times larger than it is when the cell is at rest. During
the action potential or neuronal depolarization, the membrane resistance diminishes by about 80
times, thereby allowing an applied current to enter the intracellular space as well. Over a
population of neurons, this leads to a net decrease in the resistance during coherent neuronal
activity, such as chronic para-sympathetic responses, as the intracellular space will provide
additional conductive ions. The magnitude of such fast changes has been estimated to have local
resistivity changes with recording near DC is 2.8-3.7% for peripheral nerve bundles (e.g.,
including the nerves in the nasal cavity).

Detecting neural structures using dynamic activation includes detecting the locations of
action potentials within the interest zone by measuring the discharge rate in neurons and the
associated processes. The basis of each this discharge is the action potential, during which there
is a depolarization of the neuronal membrane of up to 110 mV or more, lasting approximately 2
milliseconds, and due to the transfer of micromolar quantities of ions (e.g., sodium and
potassium) across the cellular membrane. The complex impedance or resistance change due to
the neuronal membrane falls from 1000 to 25 Qcm. The introduction of a stimulus and
subsequent measurement of the neural response can attenuate noise and improve signal to noise
ratios to precisely focus on the response region to improve neural detection, measurement, and
mapping.

In some embodiments, the difference in measurements of physiological parameters (e.g.,
complex impedance, resistance, voltage) over time, which can reduce errors, can be used to
create a neural profiles, spectrums, or maps. For example, the sensitivity of the system 100 can
be improved because this process provides repeated averaging to a stimulus. As a result, the

mapping function outputs can be a unit-less ratio between the reference and test collated data at a
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single frequency and/or multiple frequencies and/or multiple amplitudes. Additional
considerations may include multiple frequency evaluation methods that consequently expand the
parameter assessments, such as resistivity, admittivity, center frequency, or ratio of extra- to
intracellular resistivity.

In some embodiments, the system 100 may also be configured to indirectly measure the
electrical activity of neural structures to quantify the metabolic recovery processes that
accompany action potential activity and act to restore ionic gradients to normal. These are
related to an accumulation of ions in the extracellular space. The indirect measurement of
electrical activity can be approximately a thousand times larger (in the order of millimolar), and
thus are easier to measure and can enhance the accuracy of the measured electrical properties
used to generate the neural maps.

The system 100 can perform dynamic neural detection by detecting nerve-firing voltage
and/or current and, optionally, nerve firing rate over time, in response to an external stimulation
of the nerves. For example, an array of the electrodes 136 can be positioned in contact with
tissue at the interest zone, one or more of the electrodes 136 can be activated to inject a signal
into the tissue that stimulates the nerves, and other electrodes 136 of the electrode array can
measure the neural voltage and/or current due to nerve firing in response to the stimulus. This
information can optionally be mapped (e.g., on a display 112) to identify the location of nerves
and, in certain embodiments, identify parasympathetic nerves in a hyper state (e.g., indicative of
Rhinitis or other diseased state). The dynamic detection of neural activity (voltage, current,
firing rate, etc.) can be performed before neuromodulation therapy to detect target nerve
locations to select the target site and treatment parameters to ensure that the correct tissue is
treated during neuromodulation therapy. Further, dynamic detection of neural activity can be
performed during or after neuromodulation therapy to allow the clinician to monitor changes in
neural activity to validate treatment efficacy. For example, recording decreases or elimination of
neural activity after neuromodulation therapy can indicate that the therapy was effective in
therapeutically treating the hyper/diseased nerves.

In some embodiments, a stimulating signal can be delivered to the vicinity of the targeted
nerve via one or more penetrating electrodes (e.g., microneedles that penetrate tissue) associated
with the end effector 114 and/or a separate device. The stimulating signal generates an action

potential, which causes smooth muscle cells or other cells to contract. The location and strength
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of this contraction can be detected via the penetrating electrode(s) and, thereby, indicate to the
clinician the distance to the nerve and/or the location of the nerve relative to the stimulating
needle electrode. In some embodiments, the stimulating electrical signal may have a voltage of
typically 1-2 mA or greater and a pulse width of typically 100-200 microseconds or greater.
Shorter pulses of stimulation result in better discrimination of the detected contraction, but may
require more current. The greater the distance between the electrode and the targeted nerve, the
more energy is required to stimulate. The stimulation and detection of contraction strength
and/or location enables identification of how close or far the electrodes are from the nerve, and
therefore can be used to localize the nerve spatially. In some embodiments, varying pulse widths
may be used to measure the distance to the nerve. As the needle becomes closer to the nerve, the
pulse duration required to elicit a response becomes less and less.

To localize nerves via muscle contraction detection, the system 100 can vary pulse-width
or amplitude to vary the energy (Energy=pulse-width*amplitude) of the stimulus delivered to the
tissue via the penetrating electrode(s). By varying the stimulus energy and monitoring muscle
contraction via the penetrating electrodes and/or other type of sensor, the system 100 can
estimate the distance to the nerve. If a large amount of energy is required to stimulate the
nerve/contract the muscle, the stimulating/penetrating electrode is far from the nerve. As the
stimulating/penetrating electrode, moves closer to the nerve, the amount of energy required to
induce muscle contraction will drop. For example, an array of penetrating electrodes can be
positioned in the tissue at the interest zone and one or more of the electrodes can be activated to
apply stimulus at different energy levels until they induce muscle contraction. Using an iterative
process, localize the nerve (e.g., via the mapping/evaluation/feedback algorithm 110).

In some embodiments, the system 100 can measure the muscular activation from the
nerve stimulus (e.g., via the electrodes 136) to determine neural positioning for neural mapping,
without the use of penetrating electrodes. In this embodiment, the treatment device targets the
smooth muscle cells' varicosities surrounding the submucosal glands and the vascular supply,
and then the compound muscle action potential. This can be used to summate voltage response
from the individual muscle fiber action potentials. The shortest latency is the time from stimulus
artifact to onset of the response. The corresponding amplitude is measured from baseline to
negative peak and measured in millivolts (mV). Nerve latencies (mean+SD) in adults typically

range about 2-6 milliseconds, and more typically from about 3.4+0.8 to about 4.0+£0.5
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milliseconds. A comparative assessment may then be made which compares the outputs at each
time interval (especially pre- and post-energy delivery) in addition to a group evaluation using
the alternative nasal cavity. This is expected to provide an accurate assessment of the absolute
value of the performance of the neural functioning because muscular action/activation may be
used to infer neural action/activation and muscle action/activation is a secondary effect or by-
product whilst the neural function is the absolute performance measure.

In some embodiments, the system 100 can record a neuromagnetic field outside of the
nerves to determine the internal current of the nerves without physical disruption of the nerve
membrane. Without being bound by theory, the contribution to the magnetic field from the
current inside the membrane is two orders of magnitude larger than that from the external
current, and that the contribution from current within the membrane is substantially negligible.
Electrical stimulation of the nerve in tandem with measurements of the magnetic compound
action fields (“CAFs”) can yield sequential positions of the current dipoles such that the location
of the conduction change can be estimated (e.g., via the least-squares method). Visual
representation (e.g., via the display 112) using magnetic contour maps can show normal or non-
normal neural characteristics (e.g., normal can be equated with a characteristic quadrupolar
pattern propagating along the nerve), and therefore indicate which nerves are in a diseases,
hyperactive state and suitable targets for neuromodulation.

During magnetic field detection, an array of the electrodes 136 can be positioned in
contact with tissue at the interest zone and, optionally, one or more of the electrodes 136 can be
activated to inject an electrical stimulus into the tissue. As the nerves in the interest zone fire
(either in response to a stimulus or in the absence of it), the nerve generates a magnetic field
(e.g., similar to a current carrying wire), and therefore changing magnetic fields are indicative of
the nerve nerve-firing rate. The changing magnetic field caused by neural firing can induce a
current detected by nearby sensor wire (e.g., the sensor 314) and/or wires associated with the
nearby electrodes 136. By measuring this current, the magnetic field strength can be determined.
The magnetic fields can optionally be mapped (e.g., on a display 112) to identify the location of
nerves and select target nerves (nerves with excessive parasympathetic tone) before
neuromodulation therapy to ensure that the desired nerves are treated during neuromodulation

therapy. Further, the magnetic field information can be used during or after neuromodulation
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therapy so that the clinician can monitor changes in nerve firing rate to validate treatment
efficacy.

In other embodiments, the neuromagnetic field is measured with a Hall Probe or other
suitable device, which can be integrated into the end effector 114 and/or part of a separate device
delivered to the interest zone. Alternatively, rather than measuring the voltage in the second
wire, the changing magnetic field can be measured in the original wire (i.e. the nerve) using a
Hall probe. A current going through the Hall probe will be deflected in the semi-conductor.

This will cause a voltage difference between the top and bottom portions, which can be
measured. In some aspects of this embodiments, three orthogonal planes are utilized.

In some embodiments, the system 100 can be used to induce electromotive force
(“EMF”) in a wire (i.e., a frequency-selective circuit, such as a tunable/LC circuit) that is tunable
to resonant frequency of a nerve. In this embodiment, the nerve can be considered to be a
current carrying wire, and the firing action potential is a changing voltage. This causes a
changing current which, in turn, causes a changing magnetic flux (i.e., the magnetic field that is
perpendicular to the wire). Under Faraday's Law of Induction/Faraday's Principle, the changing
magnetic flux induces EMF (including a changing voltage) in a nearby sensor wire (e.g.,
integrated into the end effector 114, the sensor 314, and/or other structure), and the changing
voltage can be measured via the system 100.

In further embodiments, the sensor wire (e.g., the sensor 314) is an inductor and,
therefore, provides an increase of the magnetic linkage between the nerve (i.e., first wire) and the
sensor wire (i.e., second wire), with more turns for increasing effect. (e.g., V2,rms=V1,rms
(N2/N1)). Due to the changing magnetic field, a voltage is induced in the sensor wire, and this
voltage can be measured and used to estimate current changes in the nerve. Certain materials
can be selected to enhance the efficiency of the EMF detection. For example, the sensor wire
can include a soft iron core or other high permeability material for the inductor.

During induced EMF detection, the end effector 114 and/or other device including a
sensor wire is positioned in contact with tissue at the interest zone and, optionally, one or more
of the electrodes 136 can be activated to inject an electrical stimulus into the tissue. As the
nerves in the interest zone fire (either in response to a stimulus or in the absence of it), the nerve
generates a magnetic field (e.g., similar to a current carrying wire) that induces a current in the

sensor wire (e.g., the sensor 314). This information can be used to determine neural location
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and/or map the nerves (e.g., on a display 112) to identify the location of nerves and select target
nerves (nerves with excessive parasympathetic tone) before neuromodulation therapy to ensure
that the desired nerves are treated during neuromodulation therapy. EMF information can also
be used during or after neuromodulation therapy so that the clinician can monitor changes in
nerve firing rate to validate treatment efficacy.

In some embodiments, the system 100 can detect magnetic fields and/or EMF generated
at a selected frequency that corresponds to a particular type of nerve. The frequency and, by
extension, the associated nerve type of the detected signal can be selected based on an external
resonant circuit. Resonance occurs on the external circuit when it is matched to the frequency of
the magnetic field of the particular nerve type and that nerve is firing. In manner, the system 100
can be used to locate a particular sub-group/type of nerves.

In some embodiments, the system 100 can include a variable capacitor frequency-
selective circuit to identify the location and/or map specific nerves (e.g., parasympathetic nerve,
sensory nerve, nerve fiber type, nerve subgroup, etc.). The variable capacitor frequency-
selective circuit can be defined by the sensor 314 and/or other feature of the end effector 114.
Nerves have different resonant frequencies based on their function and structure. Accordingly,
the system 100 can include a tunable LC circuit with a variable capacitor (C) and/or variable
inductor (L) that can be selectively tuned to the resonant frequency of desired nerve types. This
allows for the detection of neural activity only associated with the selected nerve type and its
associated resonant frequency. Tuning can be achieved by moving the core in and out of the
inductor. For example, tunable LC circuits can tune the inductor by: (i) changing the number of
coils around the core; (ii) changing the cross-sectional area of the coils around the core; (iii)
changing the length of the coil; and/or (iv) changing the permeability of the core material (e.g.,
changing from air to a core material). Systems including such a tunable LC circuit provide a
high degree of dissemination and differentiation not only as to the activation of a nerve signal,
but also with respect to the nerve type that is activated and the frequency at which the nerve is

firing.

Anatomical Mapping
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In various embodiments, the system 100 is further configured to provide minimally-
invasive anatomical mapping that uses focused energy current/voltage stimuli from a spatially
localized source (e.g., the electrodes 136) to cause a change in the conductivity of the of the
tissue at the interest zone and detect resultant biopotential and/or bioelectrical measurements
(e.g., via the electrodes 136). The current density in the tissue changes in response to changes of
voltage applied by the electrodes 136, which creates a change in the electric current that can be
measured with the end effector 114 and/or other portions of the system 100. The results of the
bioelectrical and/or biopotential measurements can be used to predict or estimate relative
absorption profilometry to predict or estimate the tissue structures in the interest zone. More
specifically, each cellular construct has unique conductivity and absorption profiles that can be
indicative of a type of tissue or structure, such as bone, soft tissue, vessels, nerves, types of
nerves, and/or certain neural structures. For example, different frequencies decay differently
through different types of tissue. Accordingly, by detecting the absorption current in a region,
the system 100 can determine the underlying structure and, in some instances, to a sub-
microscale, cellular level that allows for highly specialized target localization and mapping. This
highly specific target identification and mapping enhances the efficacy and efficiency of
neuromodulation therapy, while also enhancing the safety profile of the system 100 to reduce
collateral effects on non-target structures.

To detect electrical and dielectric tissue properties (e.g., resistance, complex impedance,
conductivity, and/or, permittivity as a function of frequency), the electrodes 136 and/or another
electrode array is placed on tissue at an interest region, and an internal or external source (e.g.,
the generator 106) applies stimuli (current/voltage) to the tissue. The electrical properties of the
tissue between the source and the receiver electrodes 136 are measured, as well as the current
and/or voltage at the individual receiver electrodes 136. These individual measurements can
then be converted into an electrical map/image/profile of the tissue and visualized for the user on
the display 112 to identify anatomical features of interest and, in certain embodiments, the
location of firing nerves. For example, the anatomical mapping can be provided as a color-coded
or gray-scale three-dimensional or two-dimensional map showing differing intensities of certain
bioelectric properties (e.g., resistance, impedance, etc.), or the information can be processed to
map the actual anatomical structures for the clinician. This information can also be used during

neuromodulation therapy to monitor treatment progression with respect to the anatomy, and after
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neuromodulation therapy to validate successful treatment. In addition, the anatomical mapping
provided by the bioelectrical and/or biopotential measurements can be used to track the changes
to non-target tissue (e.g., vessels) due to neuromodulation therapy to avoid negative collateral
effects. For example, a clinician can identify when the therapy begins to ligate a vessel and/or
damage tissue, and modify the therapy to avoid bleeding, detrimental tissue ablation, and/or
other negative collateral effects.

Furthermore, the threshold frequency of electric current used to identify specific targets
can subsequently be used when applying therapeutic neuromodulation energy. For example, the
neuromodulation energy can be applied at the specific threshold frequencies of electric current
that are target neuronal-specific and differentiated from other non-targets (e.g., blood vessels,
non-target nerves, etc.). Applying ablation energy at the target-specific frequency results in an
electric field that creates ionic agitation in the target neural structure, which leads to differentials
in osmotic potentials of the targeted neural structures. These osmotic potential differentials
cause dynamic changes in neuronal membronic potentials (resulting from the difference in intra-
cellular and extra-cellular fluidic pressure) that lead to vacuolar degeneration of the targeted
neural structures and, eventually, necrosis. Using the highly targeted threshold neuromodulation
energy to initiate the degeneration allows the system 100 to delivery therapeutic
neuromodulation to the specific target, while surrounding blood vessels and other non-target
structures are functionally maintained.

In some embodiments, the system 100 can further be configured to detect bioelectrical
properties of tissue by non-invasively recording resistance changes during neuronal
depolarization to map neural activity with electrical impedance, resistance, bio-impedance,
conductivity, permittivity, and/or other bioelectrical measurements. Without being bound by
theory, when a nerve depolarizes, the cell membrane resistance decreases (e.g., by approximately
80x) so that current will pass through open ion channels and into the intracellular space.
Otherwise the current remains in the extracellular space. For non-invasive resistance
measurements, tissue can be stimulated by applying a current of less than 100 Hz, such as
applying a constant current square wave at 1 Hz with an amplitude less than 25% (e.g., 10%) of
the threshold for stimulating neuronal activity, and thereby preventing or reducing the likelihood

that the current does not cross into the intracellular space or stimulating at 2 Hz. In either case,
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the resistance and/or complex impedance is recorded by recording the voltage changes. A
complex impedance or resistance map or profile of the area can then be generated.

For impedance/conductivity/permittivity detection, the electrodes 136 and/or another
electrode array are placed on tissue at an interest region, and an internal or external source (e.g.,
the generator 106) applies stimuli to the tissue, and the current and/or voltage at the individual
receiver electrodes 136 is measured. The stimuli can be applied at different frequencies to
isolate different types of nerves. These individual measurements can then be converted into an
electrical map/image/profile of the tissue and visualized for the user on the display 112 to
identify anatomical features of interest. The neural mapping can also be used during
neuromodulation therapy to select specific nerves for therapy, monitor treatment progression
with respect to the nerves and other anatomy, and validate successful treatment.

In some embodiments of the neural and/or anatomical detection methods described
above, the procedure can include comparing the mid-procedure physiological parameter(s) to the
baseline physiological parameter(s) and/or other, previously-acquired mid-procedure
physiological parameter(s) (within the same energy delivery phase). Such a comparison can be
used to analyze state changes in the treated tissue. The mid-procedure physiological
parameter(s) may also be compared to one or more predetermined thresholds, for example, to
indicate when to stop delivering treatment energy. In some embodiments of the present
technology, the measured baseline, mid-, and post-procedure parameters include a complex
impedance. In some embodiments of the present technology, the post-procedure physiological
parameters are measured after a pre-determined time period to allow the dissipation of the
electric field effects (ionic agitation and/or thermal thresholds), thus facilitating accurate
assessment of the treatment.

In some embodiments, the anatomical mapping methods described above can be used to
differentiate the depth of soft tissues within the nasal mucosa. The depth of mucosa on the
turbinates is great whilst the depth off the turbinate is shallow and, therefore, identifying the
tissue depth in the present technology also identifies positions within the nasal mucosa and
where precisely to target. Further, by providing the micro-scale spatial impedance mapping of
epithelial tissues as described above, the inherent unique signatures of stratified layers or cellular

bodies can be used as identifying the region of interest. For example, different regions have
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larger or small populations of specific structures, such as submucosal glands, so target regions
can be identified via the identification of these structures.

In some embodiments, the system 100 includes additional features that can be used to
detect anatomical structures and map anatomical features. For example, the system 100 can
include an ultrasound probe for identification of neural structures and/or other anatomical
structures. Higher frequency ultrasound provides higher resolution, but less depth of penetration.
Accordingly, the frequency can be varied to achieve the appropriate depth and resolution for
neural/anatomical localization. Functional identification may rely on the spatial pulse length
(“SPL”) (wavelength multiplied by number of cycles in a pulse). Axial resolution (SPL/2) may
also be determined to locate nerves.

In some embodiments, the system 100 can further be configured to emit stimuli with
selective parameters that suppress rather than fully stimulate neural activity. for example, in
embodiments where the strength-duration relationship for extracellular neural stimulation is
selected and controlled, a state exists where the extracellular current can hyperpolarize cells,
resulting in suppression rather than stimulation spiking behavior (i.e., a full action potential is
not achieved). Both models of ion channels, HH and RGC, suggest that it is possible to
hyperpolarize cells with appropriately designed burst extracellular stimuli, rather than extending
the stimuli. This phenomenon could be used to suppress rather than stimulate neural activity
during any of the embodiments of neural detection and/or modulation described herein.

In various embodiments, the system 100 could apply the anatomical mapping techniques
disclosed herein to locate or detect the targeted vasculature and surrounding anatomy before,
during, and/or after treatment.

Reference throughout this specification to “one embodiment” or “an embodiment” means
that a particular feature, structure, or characteristic described in connection with the embodiment
is included in at least one embodiment. Thus, appearances of the phrases “in one embodiment”
or “in an embodiment” in various places throughout this specification are not necessarily all
referring to the same embodiment. Furthermore, the particular features, structures, or
characteristics may be combined in any suitable manner in one or more embodiments.

The terms and expressions which have been employed herein are used as terms of
description and not of limitation, and there is no intention, in the use of such terms and

expressions, of excluding any equivalents of the features shown and described (or portions
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thereof), and it is recognized that various modifications are possible within the scope of the

claims. Accordingly, the claims are intended to cover all such equivalents.

Incorporation by Reference

References and citations to other documents, such as patents, patent applications, patent
publications, journals, books, papers, web contents, have been made throughout this disclosure.

All such documents are hereby incorporated herein by reference in their entirety for all purposes.

Equivalents

Various modifications of the invention and many further embodiments thereof, in
addition to those shown and described herein, will become apparent to those skilled in the art
from the full contents of this document, including references to the scientific and patent literature
cited herein. The subject matter herein contains important information, exemplification and
guidance that can be adapted to the practice of this invention in its various embodiments and

equivalents thereof.
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Claims

What is claimed is:

1. A method for improving a patient's sleep by treating at least one of
rhinitis, congestion, and rhinorrhea within a sino-nasal cavity of a patient, the method
comprising;

advancing a multi-electrode end effector into the sino-nasal cavity of the patient, the
multi-electrode end effector being operably associated with a shaft of a treatment device and
configured for delivering energy to one or more target sites within the sino-nasal cavity of the
patient, the multi-electrode end effector comprising a first electrode that is spaced apart from a
separate and distinct second electrode along a length of the multi-electrode end effector, wherein
each of the first and second electrodes comprises an active state and an inactive state and
comprises a respective location on the multi-electrode end effector, wherein:

the first electrode is exposed from a surface of the multi-electrode end effector

and is positioned at a separate and discrete portion thereon, the first electrode extending

in a first outward direction relative to a longitudinal axis of the shaft to interact with

anatomy at a first location within the nasal cavity; and

the second electrode is exposed from a surface of the multi-electrode end effector

and is positioned at a separate and discrete portion thereon, the second electrode

extending in a second outward direction relative to a longitudinal axis of the shaft to

interact with anatomy at a second location within the nasal cavity; and

delivering energy, via the first and second electrodes, to one or more target sites within a
sino-nasal cavity of the patient to disrupt multiple neural signals to, and/or result in local hypoxia
of, mucus producing and/or mucosal engorgement elements, thereby reducing production of
mucus and/or mucosal engorgement within a nose of the patient and reducing or eliminating one
or more symptoms associated with at least one of rhinitis, congestion, and rhinorrhea to improve

nasal breathability of the patient.

2. The method of claim 1, wherein radiofrequency (RF) energy is delivered from the first and
second electrodes to tissue at the one or more target sites and is controlled via a console unit

operably associated with the treatment device and multi-electrode end effector.
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3. The method of claim 2, wherein the console unit is configured to receive feedback from at
least one temperature sensor arranged relative to the first and second electrodes and configured
to sense temperature at an interface between tissue and the first and second electrodes, wherein
the console unit is configured to control energy output from the first and second electrodes
based, at least in part, on the feedback in order to maintain a predetermined temperature of tissue

at the one or more target sites.

4. The method of claim 3, wherein the console unit is configured to receive one or more
temperature readings from the at least one temperature sensor and process the readings to
determine a level of RF energy to be delivered by the first and second electrodes that is sufficient
to maintain a temperature of tissue at the one or more target sites below a predetermined

threshold.

5. The method of claim 4, wherein the console unit is configured to control RF energy output
from the first and second electrodes in separate and discrete treatment applications of RF energy
to be delivered to tissue at the one or more target sites, wherein each separate and discrete
treatment application comprises a predetermined elapsed time period for each treatment
application and a predetermined threshold maximum temperature of tissue during delivery of RF
energy to ensure that application of said RF energy results in the desired effect of reduced

engorgement of the tissue at the target site for a given treatment application.

6. The method of claim 5, wherein the console unit comprises a hardware processor coupled to
non-transitory, computer-readable memory containing instructions executable by the processor to
cause the console unit to automatically control and adjust RF energy output from the first and
second electrodes for each treatment application based, at least in part, on the predetermined

elapsed time period and the predetermined threshold maximum temperature.

7. The method of claim 6, the predetermined elapsed time period for each separate and discrete

treatment application is between 1 second to 20 seconds.
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8. The method of claim 7, wherein the predetermined elapsed time period for each separate and

discrete treatment application is between 5 seconds and 10 seconds.

9. The method of claim 7, wherein the predetermined elapsed time period for each separate and

discrete treatment application is between 8 seconds and 10 seconds.

10. The method of claim 7, wherein the predetermined elapsed time period for each separate and

discrete treatment application is between 10 seconds and 12 seconds.

11. The method of claim 6, wherein the predetermined threshold maximum temperature is less

than 90°C.

12. The method of claim 6, wherein the predetermined threshold maximum temperature is

greater than 37°C and less than 90°C.

13. The method of claim 4, wherein the console unit is configured to monitor temperature of
tissue at the one or more target sites during delivery of RF energy thereto based on temperature
readings from the at least one temperature sensor and further monitor an elapsed time during

delivery of RF energy to tissue at the one or more target sites.

14. The method of claim 4, wherein the console unit is configured to provide, via a display,
feedback information to an operator during each treatment application, wherein said feedback
information comprises at least an elapsed time during delivery of RF energy to tissue at the one

or more target sites.

15. The method of claim 14, wherein the display is a touchscreen monitor.

16. The method of claim 2, wherein the console unit is operably coupled to an energy generator

configured to generate RF energy to be delivered by the first and second electrodes.

17. The method of claim 16, wherein the RF energy comprises at least bipolar RF energy.

84

Aerin Exhibit 1011, Page 2179 of 2183

Aerin Medical Inc. v. Neurent Medical Ltd.
IPR2025-01127



Attorney Docket No.: NEURE-008/03US 35242/151

18. The method of claim 1, wherein the multi-electrode end effector comprises at least four

electrodes.

19. The method of claim 18, wherein the multi-electrode end effector comprises at least eight

electrodes.

20. The method of claim 1, wherein the one or more target sites comprises an inferior turbinate

within the nasal cavity and the tissue comprises submucosal tissue associated with the inferior

turbinate.

85

Aerin Exhibit 1011, Page 2180 of 2183
Aerin Medical Inc. v. Neurent Medical Ltd.
IPR2025-01127



Attorney Docket No.: NEURE-008/03US 35242/151

Abstract
The invention generally relates to systems and methods for improving sleep by treating at
least one of rhinitis, congestion, and/or rhinorrhea to thereby reduce or eliminate symptoms
associated therewith, including, but not limited to, nasal congestion, coughing, sneezing, and

nasal or throat irritation and itching.

65219964 v1
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