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AO 120 (Rev. 08/10)

TO:

Director of the U.S. Patent and Trademark Office
P.O. Box 1450

Mail Stop 8

Alexandria, VA 22313-1450

REPORT ON THE
FILING OR DETERMINATION OF AN
ACTION REGARDING A PATENT OR
TRADEMARK

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been

filed in the U.S. District Court

WESTERN DISTRICT OF TEXAS, WACO DIVISION

on the following

[ Trademarks or [A Patents. ( [ the patent action involves 35 U.S.C. § 292.):
DOCKET NO. DATE FILED U.S. DISTRICT COURT
6:20-CV-1112 12/7/2020 WESTERN DISTRICT OF TEXAS, WACO DIVISION

PLAINTIFF DEFENDANT

AliveCor, Inc. Apple Inc.

PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

1 10,595,731 3/24/2020 AliveCor, Inc.

2 10,638,941 5/5/2020 AliveCor, Inc.

3 9,572,499 2/21/2017 AliveCor, Inc.

4

5

In the above—entitled case, the following patent(s)/ trademark(s) have been included:
DATE INCLUDED INCLUDED BY
[0 Amendment [] Answer [ Cross Bill [ Other Pleading
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

1

2

3

4

5

In the above—entitled case, the following decision has been rendered or judgement issued:

DECISION/JUDGEMENT

CLERK (BY) DEPUTY CLERK DATE

Copy 1—Upon initiation of action, mail this copy to Director Copy 3—Upon termination of action, mail this copy to Director
Copy 2—Upon filing document adding patent(s), mail this copy to Director Copy 4—Case file copy
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE | PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
16/588,201 03/24/2020 10595731 A102992 1170US.C4 3448
151512 7590 03/04/2020

WOMBLE BOND DICKINSON (US) LLP/AliveCor
Attn: IP DOCKETING

P.O. BOX 7037

ATLANTA, GA 30357-0037

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

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

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

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

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments
should be directed to the Application Assistance Unit (AAU) of the Office of Data Management (ODM) at
(571)-272-4200.

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

Ravi GOPALAKRISHNAN, San Francisco, CA;
AliveCor, Inc., Mountain View, CA;

Lev KORZINOV, San Francisco, CA;

Fei WANG, San Francisco, CA;

Euan THOMSON, Los Gatos, CA;

Nupur SRIVASTAVA, San Francisco, CA;
Omar DAWOOD, San Francisco, CA;

Iman ABUZEID, San Francisco, CA;

David E. Albert, Oklahoma City, OK;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

IR103 (Rev. 10/09)



UNITED STATES PATENT AND TRADEMARK OFFICE

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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPIO.gOV

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
16/588,201 09/30/2019 Ravi GOPALAKRISHNAN A102992 1170US.C4
CONFIRMATION NO. 3448
151512 POA ACCEPTANCE LETTER
WOMBLE BOND DICKINSON (US) LLP/AliveCor
Attn: IP DOCKETING R0 R
P.O. BOX 7037 000000 653625

ATLANTA, GA 30357-0037
Date Mailed: 02/12/2020

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 02/10/2020.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

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

lyteferra/
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Appl. No. : 16/588,201

Inventors : Ravi GOPALAKRISHNAN et al.

Filed : September 30, 2019

Title : METHODS AND SYSTEMS FOR ARRHYTHMIA TRACKING
AND SCORING

Confirmation No : 3448

Examiner : Johnson, Nicole F.

Docket No. : A102992 1170US.C4

Customer No. : 151512

RESPONSE TO INFORMATIONAL NOTICE TO APPLICANT

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

Sir:

In response to the Informational Notice to Applicant mailed October 18, 2019 and Notice
Requiring Inventor’s Oath or Declaration mailed February 3, 2020, Applicant submits herewith the
following;

X Declarations from Ravi GOPALAKRISHNAN, Lev KORZINOV, Fei WANG, Euan
THOMSON, Nupar SRIVASTAVA, Omar DAWOOD, Iman ABUZEID, and David E.
ALBERT

No fees are believed to be required. If any fees are deemed to be required, the Commissioner is
hereby authorized to charge such additional fees or credit any overpayment to Deposit Account No. 09-
0528.

Date: February 10, 2020 Respectfully submitted,

/Daniel Ovanezian/
Daniel E. Ovanezian
Reg. No. 41,236
Attorney for Applicant

Womble Bond Dickinson (US) LLP
1841 Page Mill Road, Suite 200
Palo Alto, CA 94304

408-341-3040 (Telephone)



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

Title of
Invention| METHODS AND SYSTEMS FOR ARRHYTHMIA TRACKING AND SCORING
This [ The attached application, or
declaration
:ggi nment XI  United States application or PCT international application number __16/588,201
assig . filed on September 30, 2019 .
is directed to:
DECLARATION

As a below named inventor, | hereby declare that:

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

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

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

ASSIGNMENT

For good and valuable consideration, the receipt and sufficiency of which is hereby acknowledged, I, the

undersigned, hereby sell, assign, and transfer to ___AliveCor, Inc.

a corporation of Delaware

(Type of Assignee: e.g., corporation, company, partnership, university, etc.),

having a principal place of business at 444 Castro St., Ste 600, Mountain View, CA 94041,

("Assignee"), and its successors, assigns, and legal representatives, the entire right, title, and interest for
the United States and all foreign countries, in and to any and all inventions or improvements that are
disclosed in the above identified application and in and to said application (provisional or non-provisional)
and all provisional applications, non-provisional applications, utility applications, design applications,
divisional applications, continuation applications, continued prosecution applications, continuation-in-part
applications, substitute applications, renewal applications, reissue applications, reexaminations,
extensions, and all other patent applications that have been or shall be filed in the United States

Atty Docket No. A102992 1170US.C4 1



and all foreign countries on any of said inventions or improvements; and in and to all original patents,
reissued patents, reexamination certificates, and extensions, that have been or shall be issued in the
United States and all foreign countries on said inventions or improvements; and in and to all rights of
priority resulting from the filing of said application;

agree that said Assignee may apply for and receive a patent or patents for said inventions or
improvements in its own name; and that, when requested, without charge to, but at the expense of, said
Assignee, its successors, assigns, and legal representatives, to carry out in good faith the intent and
purpose of this Assignment, the undersigned will execute all provisional applications, non-provisional
applications, utility applications, design applications, divisional applications, continuation applications,
continued prosecution applications, continuation-in-part applications, substitute applications, renewal
applications, reissue applications, reexaminations, extensions, and all other patent applications on any
and all said inventions or improvements; execute all rightful oaths, assignments, powers of attorney, and
other papers; communicate to said Assignee, its successors, assigns, and representatives all facts known
to the undersigned relating to said inventions or improvements and the history thereof; and generally
assist said Assignee, its successors, assigns, or representatives in securing and maintaining proper
patent protection for said inventions or improvements and for vesting title to said inventions or
improvements, and all applications for patents and all patents on said inventions or improvements, in said
Assignee, its successors, assigns, and legal representatives; and

covenant with said Assignee, its successors, assigns, and legal representatives that no assignment,
grant, mortgage, license, or other agreement affecting the rights and property herein conveyed has been
made to others by the undersigned, and that full right to convey the same as herein expressed is
possessed by the undersigned.

LEGAL NAME OF INVENTOR

Inventor: Omar Dawood Date: February 7, 2020

Signature: /(L\/

Atty Docket No. A102992 1170US.C4 2
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PTO/AIA/96 (08-12)

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

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

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

STATEMENT UNDER 37 CFR 3.73(c)
Applicant/Patent Owner: ALIVECOR, INC.

Application No./Patent No.: _16/588,201 Filed/Issue Date: September 30, 2019

Titled: METHODS AND SYSTEMS FOR ARRHYTHMIA TRACKING AND SCORING

ALIVECOR, INC. , a Corporation

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)

states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below):
1. The assignee of the entire right, title, and interest.

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

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

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

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

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

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

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

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

A. An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel 041444 , Frame 0863 , or for which a copy
thereof is attached.

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

1. From: To:

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

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

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

[Page 1 of 2]
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

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

14



PTO/AIA/96 (08-12)

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

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

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

STATEMENT UNDER 37 CFR 3.73(c)

3. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
4. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
5. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
6. From: To:

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

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

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

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

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

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

/Daniel Ovanezian/ February 10, 2020
Signature Date

Daniel E. Ovanezian 41,236

Printed or Typed Name Title or Registration Number

[Page 2 of 2]

15




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 disclosure of these records is
required by the Freedom of Information Act.

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

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

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

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

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

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

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

16



PTO/AIA/80 (07-17)
Approved for use through 01/31/2018. OMB 0651-0035
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

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

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO

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

| hereby appoint:

Practitioners associated with Customer Number:

OR

1515612

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

Registration
Number

Registration
Number

Name Name

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

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

The address associated with Customer Number: 1 51 51 2

Firm or individual name

[]

Address

City | State Zip

Country

Telephone

| Email

Assignee name and address: AliveCor, Inc.

444 Castro Street, Suite 600
Mountain View, CA 94041

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

SIGNATURE of Assignee of Record
The, indiyidial whgse signature and title is supplied below is authorized to act on behalf of the assignee.

Signature | Pian, (’M{/ Date 10/18/2017

Name Brian @ik Telephone

Title General Counsel

This collection of information is required by 37 CFR 1.31, 1.32, and 1.33. The information is required to obtain or retain a benefit by the public, which is to update
(and by the USPTO to process) the file of a patent or reexamination proceeding. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This
collection is estimated to take 18 minutes to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary
depending upon the individual case. Any comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should
be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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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 disclosure of these records is
required by the Freedom of Information Act.

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

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

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

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

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

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

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

18



PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.
Mail Stop ISSUR FEE By fax, send v (§713273-2883
Commissicner for Patemts

F.O. Box 1430
Alexandrig, Virginia 22313-1450

By mail, send o

ALFRE sad PUBLICATION PEE (il required). Blocks 1 fheough 3 shoubd be completed whers appoopiate. AR
 of raintesanre fees will be madled {o the curaest crerespondence sibifress an fmdiostnd gnloss owrected
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Electronic Patent Application Fee Transmittal

Application Number:

16588201

Filing Date:

30-Sep-2019

Title of Invention:

METHODS AND SYSTEMS FOR ARRHYTHMIA TRACKING AND SCORING

First Named Inventor/Applicant Name:

Ravi GOPALAKRISHNAN

Filer:

Daniel E. Ovanezian/Aaron Dunn

Attorney Docket Number:

A102992 1170US.C4

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount Suﬁ;l’;(t;)l in

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

UTILITY APPL ISSUE FEE 1501 1 1000 1000
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Description Fee Code Quantity Amount SulL),-s'I'I;)(t;)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1000
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Electronic Acknowledgement Receipt

EFS ID: 38538254
Application Number: 16588201
International Application Number:
Confirmation Number: 3448

Title of Invention:

METHODS AND SYSTEMS FOR ARRHYTHMIA TRACKING AND SCORING

First Named Inventor/Applicant Name:

Ravi GOPALAKRISHNAN

Customer Number:

151512

Filer:

Daniel E. Ovanezian/Aaron Dunn

Filer Authorized By:

Daniel E. Ovanezian

Attorney Docket Number:

A102992 1170US.C4

Receipt Date: 10-FEB-2020
Filing Date: 30-SEP-2019
Time Stamp: 13:59:41

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type DA

Payment was successfully received in RAM $1000

RAM confirmation Number E202020E00076951
Deposit Account 090528
Authorized User Aaron Dunn

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

37 CFR 1.16 (National application filing, search, and examination fees)

37 CFR 1.17 (Patent application and reexamination processing fees)
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37 CFR 1.19 (Document supply fees)

37 CFR 1.20 (Post Issuance fees)

37 CFR 1.21 (Miscellaneous fees and charges)

File Listing:

Document ... . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
98585
1 Applicant Response to Pre-Exam A102992_1170USC4_Resp_Inf | no 1
Formalities Notice Notice.pdf
618457094 1add57f7d4051d18e051b3bcb2]
efde8
Warnings:
Information:
129273
2 Oath or Declaration filed A102992_1 17(;USdCf4_Dec_Daw no 2
00 p 7c787ee57046a500e5%74dfc4bab4e906e
29%b1
Warnings:
Information:
1781688
3 Qath or Declaration filed A102992_1170USC4_Decs.pdf no 7
f4777af391862324b021a1faa0d34ea98abed
7e6
Warnings:
Information:
129842
Assignee showing of ownership per37 | A102992_1170USC4_373_State
4 CFR3.73 tpdf no 3
: ment.p bfd3ad9ef4476bb8d8491d8d4802abb022|
s0dfd
Warnings:
Information:
162218
5 Power of Attorney Alive_POA.pdf no 2
7d6406dca0fe26f38cd96de77969e2ae3203
Warnings:
Information:
210515
6 Issue Fee Payment (PTO-85B) A102992_1 170%?__@—'55“6—%6 no 1
p b9705ff88dc4bcd4fff46005ce73376257cbe)
Warnings:
Information:
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30321

7 Fee Worksheet {(SB06) fee-info.pdf no 2

6a3653ba5b76f7d1919a022bac541838354]
9554a

Warnings:

Information:

Total Files Size (in bytes)% 2542442

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

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

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
151512 7590 02/03/2020
WOMBLE BOND DICKINSON (US) LLP/AliveCor JOHNSON, NICOLE F
Attn: IP DOCKETING
P.O. BOX 7037 | ART UNIT PAPER NUMBER |
ATLANTA, GA 30357-0037 3792
DATE MAILED: 02/03/2020
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
16/588,201 09/30/2019 Ravi GOPALAKRISHNAN A102992 1170US.C4 3448

TITLE OF INVENTION: METHODS AND SYSTEMS FOR ARRHYTHMIA TRACKING AND SCORING

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

nonprovisional UNDISCOUNTED $1000 $0.00 $0.00 $1000 05/04/2020

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

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

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

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

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

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

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

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

www.uspto.gov/PatentMaintenanceFees.
Page 1 of 3

PTOL-85 (Rev. 02/11)
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

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

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

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

151512 7590 02/03/2020 Certificate of Mailing or Transmission
WOMBLE BOND DICKINSON (US) LLP/AliveCor I hereby certify that this Fee(s) Transmittal is being deposited with the United
States Postal Service with sufficient postage for first class mail in an envelope
Attn: IP DOCKETING addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
P.O. BOX 7037 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
ATLANTA, GA 30357-0037 (Typed or printed name)
(Signature)
(Date)
| APPLICATION NO. I FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
16/588,201 09/30/2019 Ravi GOPALAKRISHNAN A102992 1170US.C4 3448
TITLE OF INVENTION: METHODS AND SYSTEMS FOR ARRHYTHMIA TRACKING AND SCORING
| APPLN. TYPE | ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE I TOTAL FEE(S) DUE | DATE DUE |
nonprovisional UNDISCOUNTED $1000 $0.00 $0.00 $1000 05/04/2020

| EXAMINER | ART UNIT | CLASS-SUBCLASS |
JOHNSON, NICOLE F 3792 600-483000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys

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

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

(] "Fee Address” indication (or "Fee Address" Indication form PTO/
SB/47; Rev 03-09 or more recent) attached. Use of a Customer
Number is required.

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

|95

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

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

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

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

[ Blectronic Payment via EFS-Web [ Enclosed check [) Non-electronic payment by credit card (Attach form PTO-2038)

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

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

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

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

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

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

M| Applicant changing to regular undiscounted fee status.

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

Authorized Signature Date
Typed or printed name Registration No.
Page 2 of 3
PTOL-85 Part B (08-18) Approved for use through 01/31/2020 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. I FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
16/588,201 09/30/2019 Ravi GOPALAKRISHNAN A102992 1170US.C4 3448
151512 7590 02/03/2020 | EXAMINER |
WOMBLE BOND DICKINSON (US) LLP/AliveCor JOHNSON, NICOLE F
Attn: IP DOCKETING
P.O. BOX 7037 | ART UNIT PAPER NUMBER |
ATLANTA, GA 30357-0037 3792

DATE MAILED: 02/03/2020

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

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

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

of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process
outlined in 37 CFR 1.705.

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

Page 3 of 3

PTOL-85 (Rev. 02/11)
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IApplication No. Applicant(s)

. . . 16/588,201 Ravi GOPALAKRISHNAN
Notice Requiring Inventor’s
Oath or Declaration Examiner [Art Unit
JOHNSON, NICOLE F 3792

This notice is an attachment to the Notice of Allowability (PTOL-37), or the Notice of Allowability For A Design
Application (PTOL-37D).
An inventor’s oath or declaration in compliance with 37 CFR 1.63 or 1.64 executed by or with respect to each

inventor has not yet been submitted.

An oath or declaration in compliance with 37 CFR 1.63, or a substitute statement in compliance with 37 CFR 1.64,
executed by or with respect to each inventor (for any inventor for which a compliant oath, declaration, or substitute
statement has not yet been submitted) MUST be filed no later than the date on which the issue fee is paid. See 35
U.S.C. 115(f). Failure to timely comply will result in ABANDONMENT of this application.

A properly executed inventor’s oath to declaration has not been received for the following inventor(s):

If applicant previously filed one or more oaths, declarations, or substitute statements, applicant may have received
an informational notice regarding deficiencies therein.

The following deficiencies are noted:

INFORMAL ACTION PROBLEMS
* A properly executed inventor's oath or declaration has not been received for the following inventor(s): Ravi
GOPALAKRISHNAN, Lev KORZINOV, Fei WANG, Euan THOMSON, Nupur SRIVASTAVA, Omar
DAWOOD, Iman ABUZEID, and David E. Albert.
Applicant may submit the inventor's oath or declaration at any time before the Notice of Allowance and Fee(s)
Due, PTOL-85, is mailed.

Questions relating to this Notice should be directed to the Application Assistance Unit at 571-272-4200.

U.S. Patent and Trademark Office
PTO-2306 (01-13) Notice Requiring Inventor’s Oath or Declaration
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

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

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office,
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
Virginia22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection
of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. 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 disclosure of these records is required by the
Freedom of Information Act.

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

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

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

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

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

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

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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) - 16/588,201 GOPALAKRISHNAN et al.
Notice of Allowability Examiner ArtUnit | AIA (FITF) Status
NICOLE F JOHNSON 3792 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.} This communication is responsive to the arguments submitted on January 8, 2012.
[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

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

3. The allowed claim(s) is/are 1-30 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

4[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

Certified copies:
a) LJAl by (JSome  *c) [J None of the:
1. [ Certified copies of the priority documents have been received.
2. [J Certified copies of the priority documents have been received in Application No.
3. [J Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

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

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

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

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

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

Attachment(s)

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

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

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

of Biological Material .
4.(] Interview Summary (PTO-413),
Paper No./Mail Date.
INICOLE F LAVERT/
Primary Examiner, Art Unit 3792

U.S. Patent and Trademark Office .
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20200117
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Application/Control Number:16/588,201 Page2
Art Unit:3792

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

inventor to file provisions of the AlA.

THE EXAMINER’S STATEMENT OF REASONS FOR ALLOWABILITY
The following is a statement of reasons for the indication of allowable subject matter: The
closest prior art, Levitan (as cited by 14/730122), fails to disclose, suggest and/or teach the claimed
invention having a smart watchand a method of determining a presence of an arrhythmia of a first
comprising a means of sensing an activity level of said first user with a motion sensor and comparing a
heart rate variability of said first user to said activity level, in combination with the other claimed
elements.

Allowable Subject Matter

Claims 1-30 are allowed.

Conclusion
Any inquiry concerning this communication or earlier communications from the examiner
should be directedto NICOLE F JOHNSON whose telephone number is (571)270-5040. The examiner can
normally be reached on Mon-Thu 7:30am-4:30 pm.
Examiner interviews are available via telephone, in-person, and video conferencing using a
USPTO supplied web-based collaboration tool. To schedule an interview, applicant is encouraged to use

the USPTO Automated Interview Request (AIR) at http://www.uspto.gov/interviewpractice.
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Application/Control Number:16/588,201 Page3
Art Unit:3792

If attemptsto reachthe examiner by telephone are unsuccessful, the examiner’s supervisor,
Christopher Koharski can be reached on 571-272-7230. The fax phone number for the organization
where this application or proceeding is assigned is 571-273-8300.

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

9199 (IN USA OR CANADA) or 571-272-1000.

/NICOLE F LAVERT/
Primary Examiner, Art Unit 3792
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Application Number 16588201

Filing Date 2019-09-30

INFORMATION DISCLOSURE

First Named Inventor ‘ Ravi Gopalakrishnan

STATEMENT BY APPLICANT |3792

( Not for submission under 37 CFR 1.89)
Examiner Name ‘ JOHNSON, NICOLE F

Attorney Docket Number |A102992 1170US.C4

CERTIFICATION STATEMENT

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

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

OR

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

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

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

X A certification statement is not submitted herewith.

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

Signature /Bill Jacobs/ Date (YYYY-MM-DD) 2020-01-08

Name/Print William D. Jacobs, Jr. Registration Number '74758

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file {and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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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.8.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 record s.

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

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

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

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

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

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.5.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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NOTICE OF PUBLICATION OF APPLICATION

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

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

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

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

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

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

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

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the application of
Examiner: Johnson, Nicole F.
Ravi GOPALAKRISHNAN et al.
Art Unit: 3792
Application No: 16/588,201
Atty. Docket No: A102992 1170US.C4
Filed: September 30, 2019
Conf. No. 3448
For: METHODS AND SYSTEMS FOR

ARRHYTHMIA TRACKING AND SCORING

N’ N’ N’ N N N N N N’ N’

RESPONSE TO OFFICE ACTION

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

Sir/Madam:
In response to the Office action dated November 25, 2019, please consider the following

remarks. Please note that a Terminal Disclaimer and an Information Disclosure Statement have been
filed herewith.

Amendments to the specification begin on page 2 of this response.
A listing of the claims begins on page 3 of this response.

Remarks begin on page 8 of this response.
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PTO/AIA/26 (04-14)

Approved for use through 11/30/2020. OMB 0651-0031

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

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

TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING Docket Number (Optional)
REJECTION OVER A “PRIOR” PATENT A102992 1170US.C4

In re Application of: Ravi GOPALAKRISHNAN et al.
Application No.: 16/588,201

Filed: September 30, 2019
Forr METHODS AND SYSTEMS FOR ARRHYTHMIA TRACKING AND SCORING

The applicant, _ALIVECOR,. INC. , owner of 100 percent interest in the instant application hereby
disclaims, except as provided below, the terminal part of the statutory term of any patent granted on the instant application which would extend
beyond the expiration date of the full statutory term of prior patent No. _10.426.359 as the term of said prior patent is presently
shortened by any terminal disclaimer. The applicant hereby agrees that any patent so granted on the instant application shall be enforceable
only for and during such period that it and the prior patent are commonly owned. This agreement runs with any patent granted on the instant
application and is binding upon the grantee, its successors or assigns.

In making the above disclaimer, the applicant does not disclaim the terminal part of the term of any patent granted on the instant application
that would extend to the expiration date of the full statutory term of the prior patent, “as the term of said prior patent is presently shortened by
any terminal disclaimer," in the event that said prior patent later:

expires for failure to pay a maintenance fee;

is held unenforceable;

is found invalid by a court of competent jurisdiction;

is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321;

has all claims canceled by a reexamination certificate;

is reissued; or

is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer.

Check either box 1 or 2 below, if appropriate.

1. |:| The undersigned is the applicant. If the applicant is an assignee, the undersigned is authorized to act on behalf of the assignee.

| hereby acknowledge that any willful false statements made are punishable under 18 U.S.C. 1001 by fine or imprisonment of not more
than five (5) years, or both.

2. The undersigned is an attorney or agent of record. Reg. No._74,758

/Bill Jacobs/ January 8, 2020
Signature Date

William D. Jacobs, Jr.
Typed or printed name

Attorney of Record (408) 341-3091
Title Telephone Number

Terminal disclaimer fee under 37 CFR 1.20(d) included.

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

This collection of information is required by 37 CFR 1.321. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to c omplete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments
on the amount of time you require to complete this form and/or suggestions for reducing this bu rden, should be sent to the Chief Information Officer, U.S. Patent
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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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
disclosure of these records is required by the Freedom of Information Act.

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

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

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

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

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

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

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

A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.
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Approved for use through 11/30/2020. OMB 0651-0031
U.S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

INFORMATION DISCLOSURE

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

Application Number

16588201

Filing Date

019-09-30

First Named Inventor ‘ Ravi Gopalakrishnan

Art Unit

3792

Examiner Name

‘ JOHNSON, NICOLE F

Attorney Docket Number

| A102992 1170US.C4

U.S.PATENTS

Remove

Pages,Columns,Lines where

E)_(gm*lner Cite Patent Number Kind Issue Date Na".”e of Patentee or Applicant Relevant Passages or Relevant
Initial No Code! of cited Document )
Figures Appear
1 0839363 B2 PG17-12-12 Albert
2 7846106 B2 P010-12-07 Andrews et al.

If you wish to add additional U.S. Patent citation information please click the Add button.
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U.S.PATENT APPLICATION PUBLICATIONS
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Examiner| .. Publication Kind | Publication Name of Patentee or Applicant Pages,Columns,Lines where
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INFORMATION DISCLOSURE

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

Application Number

16588201

Filing Date

2019-09-30

First Named Inventor ‘ Ravi Gopalakrishnan

Art Unit

|3792

Examiner Name

‘ JOHNSON, NICOLE F

Attorney Docket Number
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5 0140163393 Al P014-06-12 McCombie et al.
6 20120289790 A1l P012-11-15 Pain et al.
7 0120109675 Al P012-05-03 Viegler et al.

If you wish to add additional U.S. Published Application citation information please click the Add button| Add

FOREIGN PATENT DOCUMENTS

Remove

Name of Patentee cor

Pages,Columns,Lines

Examiner| Cite | Foreign Decument Country Kind | Publication Applicant of cited where Relevant Ts
Initial* No | Number3 Code2j Code?| Date PP Passages or Relevant
Document .
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If you wish to add additional Foreign Patent Document citation information please click the Add button | Add
NON-PATENT LITERATURE DOCUMENTS Remove
. .. | Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item

Examiner| Cite S . . '
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publisher, city and/or country where published.

If you wish to add additional non-patent literature document citation information please click the Add button| Add

EXAMINER SIGNATURE
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Date Considered ‘

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.
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Application Number 16588201
Filing Date 2019-09-30

INFORMATION DISCLOSURE

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

First Named Inventor ‘ Ravi Gopalakrishnan

Art Unit | 3792

Examiner Name ‘ JOHNSON, NICOLE F
Attorney Docket Number | A102992 1170US.C4

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

4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 3 Applicant is to place a check mark here if
English language translation is attached.
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Application Number 16588201

Filing Date 2019-09-30

INFORMATION DISCLOSURE

First Named Inventor ‘ Ravi Gopalakrishnan

STATEMENT BY APPLICANT | 3792

( Not for submissicn under 37 CFR 1.99)
Examiner Name ‘ JOHNSON, NICOLE F

Attorney Docket Number |A102992 1170US.C4

CERTIFICATION STATEMENT

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

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

OR

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

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

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

X A certification statement is not submitted herewith.

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

Signature {Bill Jacobs/ Date (YYYY-MM-DD) 2020-01-08

Name/Print William D. Jacobs, Jr. Registration Number ’74758

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to abtain 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.§.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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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.8.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.8.C. 552} and the Privacy Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

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

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

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

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

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

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/fher 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 UU.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.S5.C. 151. Further, a record
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REMARKS

Applicants request reconsideration of this application in view of the Terminal Disclaimer and

Information Disclosure Statement filed herewith.

Status of the Claims

No claims were amended by the current response. No claims were cancelled or added. No

new matter has been added. Thus, claims 1-30 are pending.

Office Action Summary

Claims 1, 17, and 25 have been rejected on the ground of nonstatutory double patenting as

being unpatentable over claims 1, 5, and 11 of U.S. Patent No. 10,426,359.

Response to Office Action Rejections

Double Patenting Claim Rejection
CLAIMS 1, 17, and 25

Claims 1, 17, and 25 have been rejected on the ground of nonstatutory double patenting as
allegedly being unpatentable over claims 1, 5, and 11 of U.S. Patent No. 10,426,359. Please note
that a Terminal Disclaimer (and an Information Disclosure Statement) has been filed herewith.

As such, Applicant respectfully requests that a Notice of Allowance be issued.

Reservation of Rights

Applicant believes that every assertion made in the Office action has been addressed;

however, in the interest of clarity and brevity, Applicant may not have asserted every available

8
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argument for each assertion made in the Office action. Applicant’s silence regarding any such
assertion does not constitute any admission or acquiescence. Applicant reserves all rights not
exercised in connection with the response, such as the right to challenge or rebut any tacit or explicit
characterization of any reference or of any of the present claims, the right to challenge or rebut any
asserted factual or legal basis of any of the rejections, or the right to assert co-ownership of any cited
reference. Applicant does not admit that any of the cited references or any other references of record
are relevant to the present claims, or that they constitute prior art. To the extent that any rejection or
assertion is based upon the Examiner’s personal knowledge, rather than any objective evidence of
record as manifested by a cited prior art reference, Applicant timely objects to such reliance on
Official Notice, and reserves all rights to request that the Examiner provides a reference or affidavit
in support of such assertion, as required by MPEP § 2144.03. Applicant reserves all rights to pursue
any canceled claims in a subsequent patent application claiming the benefit of priority of the present

patent Application, and to request rejoinder of any withdrawn claim, as required by MPEP § 821.04.
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CONCLUSION

In view of the foregoing, Applicants respectfully submit that all of the pending claims are in
condition for allowance. A notice of allowance is respectfully requested. In the event a telephone
conversation would expedite the prosecution of this application, the Examiner may reach the
undersigned at (408) 341-3091. If any fees are due in connection with the filing of this paper, then
the Commissioner is authorized to charge such fees to Deposit Account No. 09-0528

Should the Examiner have any questions concerning this matter, please contact the

undersigned.

Respectfully submitted,

WOMBLE BOND DICKINSON (US) LLP
Date: January 8, 2020 /Bill Jacobs/

William D. Jacobs, Jr.
Reg. No. 74,758
Customer No. 151512
1841 Page Mill Road
Suite 200
Palo Alto, CA 94304
(408) 341-3091

10
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LISTING OF THE CLAIMS

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

Listing of Claims:
1. (Original) A smart watch to detect the presence of an arrhythmia of a user, comprising:
a processing device;
a photoplethysmography (“PPG”) sensor operatively coupled to the processing device;
an ECG sensor, comprising two or more ECG electrodes, the ECG sensor operatively
coupled to the processing device;
a display operatively coupled to the processing device; and
a memory, operatively coupled to the processing device, the memory having instructions
stored thereon that, when executed by the processing device, cause the processing device to:
receive PPG data from the PPG sensor;
detect, based on the PPG data, the presence of an arrhythmia;
receive ECG data from the ECG sensor; and

confirm the presence of the arrhythmia based on the ECG data.

2. (Original) The smart watch of claim 1, further comprising a motion sensor operatively
coupled to the processing device, wherein to detect the presence of the arrhythmia, the processing
device is configured to:

receive motion sensor data from the motion sensor; and

determine, from motion sensor data, that the user is at rest.

3. (Original) The smart watch of claim 2, wherein to detect the presence of the arrhythmia, the
processing device is configured to input the PPG data into a machine learning algorithm trained to

detect arrhythmias.

4. (Original) The smart watch of claim 2, wherein to detect the presence of the arrhythmia, the
processing device is configured to:

determine heartrate variability (“HRV”) data from the PPG data; and

detect, based on the HRV data, the presence of the arrhythmia.

3

67



Application No.: 16/588,201

5. (Original) The smart watch of claim 4, wherein to detect the presence of the arrhythmia, the
processing device is configured to input the HRV data into a machine learning algorithm trained to

detect arrhythmias.

6. (Original) The smart watch of claim 5, wherein to detect the presence of the arrhythmia, the
processing device is further configured to input the motion sensor data with the HRV data into the

machine learning algorithm trained to detect arrhythmias.

7. (Original) The smart watch of claim 1, wherein the processing device is further configured
to:
extract one or more features from the PPG data; and

detect, based on the one or more features, the presence of the arrhythmia.

8. (Original) The smart watch of claim 7, wherein the one or more features correspond to an

HRYV signal analyzed in a time domain.

9. (Original) The smart watch of claim 7, wherein the one or more features comprise a

nonlinear transform of R-R ratio or R-R ratio statistics with an adaptive weighting factor.

10. (Original) The smart watch of claim 7, wherein the one or more features are features of an

HRYV signal analyzed geometrically.

11.  (Original) The smart watch of claim 7, wherein the one or more features are features of an

HRY signal analyzed in the frequency domain.

12.  (Original) The smart watch of claim 1, wherein the processing device is further configured

to generate a notification of the detected arrhythmia.

13. (Original) The smart watch of claim 1, further comprising a biometric data sensor, wherein
the processing device is further configured to:

receive biometric data of the user from the biometric data sensor; and
4

68



Application No.: 16/588,201

detect, based on the biometric data, the presence of the arrhythmia.

14. (Original) The smart watch of claim 13, wherein the biometric data comprises at least one of:

a temperature, a blood pressure, or an inertial data of the user.

15. (Original) The smart watch of claim 1, the processing device further configured to display an

ECG rhythm strip from the ECG data.

16.  (Original) The smart watch of claim 1, the processing device further to receive the ECG data

from the ECG sensor in response to receiving an indication of a user action.

17.  (Original) A method to detect the presence of an arrhythmia of a user on a smart watch,
comprising:
receiving PPG data from a PPG sensor of the smartwatch;
detecting by a processing device, based on the PPG data, the presence of an arrhythmia;
receiving ECG data from an ECG sensor of the smartwatch; and

confirming the presence of the arrhythmia based on the ECG data.

18. (Original) The method of claim 17, wherein detecting the presence of the arrhythmia
comprises:
receiving motion sensor data from a motion sensor of the smartwatch; and

determine, from motion sensor data, that the user is at rest.

19.  (Original) The method of claim 18, wherein detecting the presence of the arrhythmia

comprises inputting the PPG data into a machine learning algorithm trained to detect arrhythmias.

20.  (Original) The method of claim 18, wherein detecting the presence of the arrhythmia
comprises:

determining heartrate variability (“HRV”’) data from the PPG data; and

detecting, based on the HRV data, the presence of the arrhythmia.
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21.  (Original) The method of claim 20, wherein detecting the presence of the arrhythmia

comprises inputting the HRV data into a machine learning algorithm trained to detect arrhythmias.

22.  (Original) The method of claim 21, wherein detecting the presence of the arrhythmia
comprises inputting the motion sensor data with the HRV data into the machine learning algorithm

trained to detect arrhythmias.

23.  (Original) The method of claim 17, further comprising generating a notification of the
detected arrhythmia.

24. (Original) The method of claim 17, further comprising receiving the ECG data from the ECG

sensor in response to receiving an indication of a user action.

25.  (Original) A non-transitory computer-readable storage medium including instructions that,
when executed by a processing device, cause the processing device to:
receive PPG data from a PPG sensor of the smartwatch;
detect by the processing device, based on the PPG data, the presence of an arrhythmia;
receive ECG data from an ECG sensor of the smartwatch; and

confirm the presence of the arrhythmia based on the ECG data.

26. (Original) The non-transitory computer-readable storage medium of claim 25, wherein the
processing device is further configured to:
extract one or more features from the PPG data; and

detect, based on the one or more features, the presence of the arrhythmia.

27. (Original) The non-transitory computer-readable storage medium of claim 26, wherein the

one or more features correspond to an HRV signal analyzed in a time domain.
28. (Original) The non-transitory computer-readable storage medium of claim 26, wherein the

one or more features comprise a nonlinear transform of R-R ratio or R-R ratio statistics with an

adaptive weighting factor.
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29.  (Original) The non-transitory computer-readable storage medium of claim 26, wherein the
one or more features are features of an HRV signal analyzed geometrically or in the frequency

domain.
30. (Original) The non-transitory computer-readable storage medium of claim 25, the processing

device further to receive the ECG data from the ECG sensor in response to receiving an indication of

a user action.
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AMENDMENT TO THE SPECIFCATION

Please amendment paragraph 0001 of the specification as follows:

[0001] This application is a continuation of U.S. Application Serial No. 16/153,446, filed October 5,
2018, now U.S. Patent No. 10,426,359, issued October 1, 2019, which is a continuation of U.S.
Application Serial No. 15/393.077, filed December 28, 2016, now U.S. Patent No. 10,159,415,
issued December 25, 2018, which is a continuation of U.S. Application Serial No. 14/730,122, filed
June 3, 2015, now U.S. Patent No. 9,572,499, issued February 21, 2017, which is a continuation of
U.S. Application Serial No. 14/569,513 filed December 12, 2014, now U.S. Patent No. 9,420,956,
issued August 23, 2016, which claims the benefit of U.S. Provisional Application No. 61/915,113,

filed December 12, 2013, which application is incorporated herein by reference, U.S. Provisional
Application No. 61/953,616 filed March 14, 2014, U.S. Provisional Application No. 61/969,019,
filed March 21, 2014, U.S. Provisional Application No. 61/970,551 filed March 26, 2014 which
application is incorporated herein by reference, and U.S. Provisional Application No. 62/014,516,

filed June 19, 2014, which application is incorporated herein by reference.
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16/588,201 GOPALAKRISHNAN et al.
Office Action Summary Examiner Art Unit AlA (FITF) Status

NICOLE F JOHNSON 3792 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing
date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term
adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) filed on 9/30/19.
0J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon .
2a)(J This action is FINAL. 2b) M This action is non-final.

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

4)J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quay/e, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s)  1-30 is/are pending in the application.
5a) Of the above claim(s) __is/are withdrawn from consideration.
6) (0 Claim(s) __ is/are allowed.
7) M Claim(s) 1,17 and 25 is/are rejected.
8) Claim(s) 2-16,18-24 and 26-30 is/are objected to.
)

9) (0 Claim(s) are subject to restriction and/or election requirement
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
http//www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.
Application Papers
10)@ The specification is objected to by the Examiner.
11)(J The drawing(s) filed on is/are: a)(] accepted or b){] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119

12)[J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)d All b) Some**  ¢)J None of the:
1.0 Certified copies of the priority documents have been received.
2.0 Certified copies of the priority documents have been received in Application No.

3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) Notice of References Cited (PTO-892) 3) [ Interview Summary (PTO-413)
. . Paper No(s)/Mail Date
2) (J Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4) [ Other:
Paper No(s)/Mail Date __ —
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20191121
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DETAILED ACTION

Notice of Pre-AlA or AIA Status

The present application, filed on or after March 16, 2013, is being examined under the first

inventor to file provisions of the AlA.
Specification

The disclosure is objected to because of the following informalities: The current status of all pending
U.S. applications and/or publications must be updated prior to issuing an allowance. Please update any
and all applications and/or publications listed in the written disclosure, i.e. paragraph [e.g., 0001].

Appropriate correctionis required.

Double Patenting

The nonstatutory double patenting rejection is based on a judicially created doctrine grounded
in public policy (a policy reflected in the statute) so as to prevent the unjustified or improper timewise
extension of the “right to exclude” granted by a patent and to prevent possible harassment by multiple
assignees. A nonstatutory double patenting rejection is appropriate where the conflicting claims are not
identical, but at least one examined application claim is not patentably distinct from the reference
claim(s) because the examined application claim is either anticipated by, or would have been obvious
over, the reference claim(s). See, e.g., Inre Berg, 140 F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); Inre
Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir. 1993); Inre Longi, 759 F.2d 887, 225 USPQ 645 (Fed.
Cir. 1985); Inre Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164
USPQ 619 (CCPA 1970); In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d) may be used to
overcome an actual or provisional rejection based on nonstatutory double patenting provided the

reference application or patent eitheris shown to be commonly owned withthe examined application,
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or claims an invention made as a result of activities undertaken within the scope of a joint research
agreement. See MPEP § 717.02 for applications subject to examination under the first inventor to file
provisions of the AlA as explained in MPEP § 2159. See MPEP §§ 706.02(1)(1) - 706.02(1)(3) for
applications not subject to examination under the first inventor to file provisions of the AlA. A terminal
disclaimer must be signed in compliance with 37 CFR 1.321(b).

The USPTO Internet website contains terminal disclaimer forms which may be used. Please visit
Www.uspto.gov/patent/patents-forms. The filing date of the application in which the form is filed
determines what form (e.g., PTO/SB/25, PTO/SB/26, PTO/AIA/25, or PTO/AIA/26) should be used. A
web-based eTerminal Disclaimer may be filled out completely online using web-screens. An eTerminal
Disclaimer that meetsall requirements is auto-processed and approved immediately upon submission.
For more information about eTerminal Disclaimers, referto
WWWw.uspto.gov/patents/process/file/efs/guidance/eTD-info-l.jsp.

Claims 1,17 & 25 are rejected on the ground of nonstatutory double patenting as being
unpatentable over claims 1,5 & 11 of U.S. Patent No. 10,426,359. Although the claims at issue are not
identical, they are not patentably distinct from each other because both claimed sets are directed
towards a smart watch, method and a non-transitory computer readable medium comprising a PPG and
ECG sensor, and based on the data obtained by said PPG sensor determining the presence of an

arrhythmia and confirming said presence via the ECG sensor.

Allowable Subject Matter
1. Claims 2-16, 18-24 & 26-30 are objected to as being dependent upon a rejected base claim, but
would be allowable if rewrittenin independent form including all of the limitations of the base claimand

any intervening claims.
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The following is a statement of reasons for the indication of allowable subject matter: The closest prior
art, Levitan (as cited by 14/730122), fails to disclose, suggest and/or teachthe claimed

invention having a smart watchand a method of determining a presence of an arrhythmia of afirst
comprising a means of sensing an activity level of said first user with a motion sensor and comparing a
heart rate variability of said first user to said activity level, in combination with the other claimed
elements.

Conclusion

Any inquiry concerning this communication or earlier communications from the examiner
should be directedto NICOLE FJOHNSON whose telephone number is (571)270-5040. The examiner can
normally be reached on Mon-Thu 7:30am-4:30 pm.

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

If attemptsto reachthe examiner by telephone are unsuccessful, the examiner’s supervisor,
Christopher Koharski can be reached on 571-272-7230. The fax phone number for the organization
where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent Application
Information Retrieval (PAIR) system. Status information for published applications may be obtained
from either Private PAIR or Public PAIR. Status information for unpublished applications is available
through Private PAIR only. For more information about the PAIR system, see https://ppair-
my.uspto.gov/pair/PrivatePair. Should you have questions on access to the Private PAIR system, contact

the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a

77



Application/Control Number: 16/588,201 Page5
Art Unit: 3792

USPTO Customer Service Representative or access to the automated information system, call 800-786-

9199 (IN USA OR CANADA) or 571-272-1000.

/NICOLE F LAVERT/
Primary Examiner, Art Unit 3792
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWww.uspto.gov

| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO.
16/588,201 09/30/2019 Ravi GOPALAKRISHNAN A102992 1170US.C4 3448
151512 7590 10/23/2019 | P ey—
WOMBLE BOND DICKINSON (US) LLP/AliveCor
Attn: IP DOCKETING
P.O. BOX 7037
ATLANTA, GA 30357-0037 | ART UNIT | paperNUMBER
3792
| NOTIFICATION DATE | DELIVERY MODE
10/23/2019 ELECTRONIC

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

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

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

following e-mail address(es):

IPDocketing @wbd-us.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

16/588,201 GOPALAKRISHNAN etal.
Decision Granting Request for
Prioritized Examination (Track /) Examiner Art Unit AlA (FITF) Status
BRIAN W BROWN OPET Yes

1. THE REQUEST FILED 30 September 2019 IS GRANTED .

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

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

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

B. filing an amendmen mend th lication ntain more than four in
claims, more than thirty total claims , or a multiple dependent claim;

filing a request for continued examination ;

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

mailing of a final Office action;

I o T mo o

completion of examination as defined in 37 CFR 41.102; or

l. abandonment of the application.

Telephone inquiries with regard to this decision should be directed to BRIAN BROWN at (571)272-5338.
In his/her absence, calls may be directed to Petition Help Desk at (571) 272-3282.

/BRIAN W BROWN/
Petitions Examiner, OPET

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

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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPIO.gOV

"APPLICATION I FILING or GRP ART I I I I |
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
16/588,201 09/30/2019 3792 2880 A102992 1170US.C4 30 3
CONFIRMATION NO. 3448
151512 FILING RECEIPT
WOMBLE BOND DICKINSON (US) LLP/AliveCor
Attn: IP DOCKETING o) RO ALK A A0 O LCRO
P.O. BOX 7037

ATLANTA, GA 30357-0037
Date Mailed: 10/18/2019

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)
Ravi GOPALAKRISHNAN, San Francisco, CA;
Lev KORZINOV, San Francisco, CA;
Fei WANG, San Francisco, CA,;
Euan THOMSON, Los Gatos, CA,;
Nupur SRIVASTAVA, San Francisco, CA;
Omar DAWOOD, San Francisco, CA;
Iman ABUZEID, San Francisco, CA,;
David E. Albert, Oklahoma City, OK;
Applicant(s)
AliveCor, Inc., Mountain View, CA;

Power of Attorney: None

Domestic Priority data as claimed by applicant
This application is a CON of 16/153,446 10/05/2018 PAT 10426359
which is a CON of 15/393,077 12/28/2016 PAT 10159415
which is a CON of 14/730,122 06/03/2015 PAT 9572499
which is a CON of 14/569,513 12/12/2014 PAT 9420956
which claims benefit of 62/014,516 06/19/2014
and claims benefit of 61/970,551 03/26/2014
and claims benefit of 61/969,019 03/21/2014
and claims benefit of 61/953,616 03/14/2014
and claims benefit of 61/915,113 12/12/2013
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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.

If Required, Foreign Filing License Granted: 10/16/2019

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 16/588,201

Projected Publication Date: 01/23/2020
Non-Publication Request: No

Early Publication Request: No
Title

METHODS AND SYSTEMS FOR ARRHYTHMIA TRACKING AND SCORING
Preliminary Class

607
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

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

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

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.
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Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http:/www.uspto.gov/web/offices/pac/doc/general/index.html.

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

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

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

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

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

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

NOT GRANTED

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

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

Application or Docket Number

Substitute for Form PTO-875 16/588,201
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR 1.16(a). (b). or (<)) N/A N/A N/A N/A 300
SEARCH FEE
AR A N/A N/A N/A N/A 660
EXAMINATION FEE
A N/A N/A N/A N/A 760
TOTAL CLAIMS ]
(37 CFR 1.16(7)) 30 minus 20= 10 OR |x 100 1000
INDEPENDENT CLAIMS ] *
(37 CFR 1.16(h) 3 minus 3 = x 460 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 2720
APPLICATION AS AMENDED - PART I
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(®) FEE($) RATE() FEE($)
E AMENDMENT PAID FOR
] Total * i - =
= (37 CFCF)E ?.15(1)) Minus = OR |«x =
% Independent * Minus | ** = _ OR M _
w (37 CFR 1.16(h)) - -
<§( Application Size Fee (37 GFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 GFR 1.16())) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT RATE ADDITIONAL RATE ADDITIONAL
m AFTER PREVIOUSLY EXTRA ® FEE($) ® FEE($)
E AMENDMENT PAID FOR
L Total * Minus ** =
= (37 OFg ?.Ie(r)) OR |x
% Independent * Minus | *** = OR x
w (37 CFR 1.16(h))
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 GFR 1.16()))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

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

*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the
expiration of the time period set in the "Notice of Allowability" to avoid abandonment. See 37 CFR 1.53(f).
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further processing delays.

+ A properly executed inventor's oath or declaration has not been received for the following inventor(s):
Ravi GOPALAKRISHNAN
Lev KORZINOV
Fei WANG
Euan THOMSON
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CERTIFICATION AND REQUEST FOR PRIORITIZED EXAMINATION
UNDER 37 CFR 1.102(e) (Page 1 of 1)

First Named : Nonprovisional Application Number (if
nventer: Ravi GOPALAKRISHNAN [ owny e Appieation Tim ord

Title of

Title of METHODS AND SYSTEMS FOR ARRHYTHMIA TRACKING AND SCORING

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

1. The processing fee set forth in 37 CFR 1.17(i)(1) and the prioritized examination fee set forth in
37 CFR 1.17(c) have been filed with the request. The publication fee requirement is met
because that fee, set forth in 37 CFR 1.18(d), is currently $0. The basic filing fee, search fee,
and examination fee are filed with the request or have been already been paid. | understand
that any required excess claims fees or application size fee must be paid for the application.

2. lunderstand that the application may not contain, or be amended to contain, more than four
independent claims, more than thirty total claims, or any multiple dependent claims, and that
any request for an extension of time will cause an outstanding Track | request to be dismissed.

3. The applicable box is checked below:

I.  [v] Original Application (Track One) - Prioritized Examination under § 1.102(e)(1)

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

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

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

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

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

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

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

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

signature’ Bill Jacobs/ bate O€PtEMber 30, 2019
Fmmpeq VVIIlAM D. Jacobs, Jr. Repttenin e/ 42798

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

forms are submitted.

*Total of 1
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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 disclosure of these records is required by the
Freedom of Information Act.

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

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

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

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

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

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

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

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

CROSS-REFERENCE TO RELATED APPLICATIONS
{6001] This application is a continuation of U.§. Application Serial No. 16/153,446, filed October 5,
2018, which is a continuation of U.S. Application Serial No. 14/730,122, filed June 3, 2015, now
U.S. Patent No. 9,572,499, issued February 21, 2017, which is a continuation of U.S. Application
Serial No. 14/569,513 filed December 12, 2014, now U 8. Patent No. 9,420,956, issued August 23,
2016, which claims the benefit of 1.8, Provisional Application No. 61/915,113, filed Becember 12,
2013, which application is incorporated herein by reference, U.S. Provisional Application No.
61/953,616 filed March 14, 2014, U 5. Provisional Application No. 61/969,019, filed March 21,
2014, U.8. Provisional Application No. 61/970,551 filed March 26, 2014 which application is
incorporated herein by reference, and U.S. Provisional Application No. 62/014,516, filed June 19,

2014, which application is incorporated herein by reference

BACKGROUND
[0092] The present disclosure relates to medical devices, systems, and methods. In particular, the
present disclosure relates to methods and systems for managing health and disease such as cardiac
diseases including arrhythmia and atrial fibriliation.
[6003] Cardiovascular diseases are the leading cause of death in the world. In 2008, 30% of all
global death can be attributed to cardiovascular diseases. It is also estimated that by 2030, over 23
million people will die from cardiovascular diseases annually. Cardiovascular diseases are prevalent
in the populations of high-income and low-income countries alike.
[6004] Arrhythmia is a cardiac condition in which the electrical activity of the heart is irregular or is
faster (tachycardia) or slower (bradycardia} than normal. Although many arrhythmias are not life-
threatening, some can cause cardiac arrest and even sudden cardiac death. Atrial fibrillation is the
most common cardiac arrhythmia. In atrial fibrillation, electrical conduction through the ventricles
of heart is irregular and disorganized. While atrial fibrillation may cause no symptoms, it is often
associated with palpitations, shortness of breath, fainting, chest, pain or congestive heart failure.
Atrial fibrillation is also associated with atrial clot formation, which is associated with clot migration
and stroke.
{0005] Atrial fibrillation s typically diagnosed by taking an electrocardiogram (ECG) of a subject,

which shows a characteristic atrial fibriliation waveform

-1-
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{6086] To treat atrial fibrillation, a patient may take medications to slow heart rate or modify the
rhythm of the heart. Patients may also take anticoagulants to prevent atrial clot formation and
stroke. Patients may even undergo surgical intervention including cardiac ablation to treat atrial
fibrillation.

[6007] Often, a patient with arthythmia or atrial fibrillation is monitored for extended periods of
time o manage the disease. For example, a patient may be provided with a Holter monitor or other
ambulatory electrocardiography device to continuously monitor a patient’s heart rate and rhythm for
at least 24 hours.

{6008} Current ambulatory electrocardiography devices such as Holter monitors, however, are
typically bulky and difficult for subjects to administer without the aid of a medical professional. For
example, the use of Holter monitors requires a patient to wear a bulky device on their chest and
precisely place a plurality of electrode leads on precise locations on their chest. These requirements
can impede the activities of the subject, including their natural movement, bathing, and showering.
Once an BCG is generated, the ECG is sent to the patient’s physician who may analyze the ECG and
provide a diagnosis and other recommendations. Currently, this process often must be performed
through hospital administrators and health management organizations and many patients do not

recetve feedback in an expedient manner.

SUMMARY
16009} Disclosed herein are devices, systems, and methods for managing health and disease such as
cardiac diseases, including arthythmia and atrial fibrillation. In particular, a cardiac disease and/or
rhythm management system, according to aspects of the present disclosure, allows a user to
conveniently document their electrocardiograms (ECG) and other biometric data and receive
recommendation(s) and/or goal(s) generated by the system or by a physician in response to the
documented data. The cardiac disease and/or rhythm management system can be loaded onto a local
computing device of the user, where biometric data can be conveniently entered onto the system
while the user may continue to use the local computing device for other purposes. A local
computing device may comprise, for example, a computing device worn oo the body (e.g. a head-
worn computing device such as a Google Glass, a wrist-worn computing device such as a Samsung
Galaxy Gear Smart Watch, etc.), a tablet computer {¢.g. an Apple iPad, an Apple iPod, a Google
Nexus tablet, a Samsung Galaxy Tab, a Microsoft Surface, etc.), a smartphone (e.g. an Apple

iPhone, a Google Nexus phone, a Samsung Galaxy phone, etc.)

D
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{6018] A portable computing device or an accessory thereof may be configured to continuously
measure one or more physiological signals of a user. The heart rate of the user may be continuously
measured. The continuously measurement may be made with a wrist or arm band or a patch 1o
communication with the portable computing device. The portable computing device may have
foaded onto {e.g. onto a non-transitory computer readable medium of the computing device) and
executing thereon (e.g. by a processor of the computing device) an application for one or more of
receiving the continuously measured physiological signal(s), analyzing the physiological signal(s),
sending the physiological signal(s) to a remote computer for further analysis and storage, and
displaying to the user analysis of the physiological signal(s). The heart rate may be measured by one
or more electrodes provided on the computing device or accessory, a motion sensor provided on the
computing device or accessory, or by imaging and lighting sources provided on the computing
device or accessory. In response to the continuous measurement and recordation of the heart rate of
the user, parameters such as heart rate (HR), heart rate vartability (R-R variability or HRV), and
heart rate turbulence (HRT) may be determined. These parameters and further parameters may be
analyzed to detect and/or predict one or more of atrial fibrillation, tachycardia, bradycardia,
bigeminy, trigeminy, or other cardiac conditions. A guantitative heart health score may also be
generated from the determined parameters. One or more of the heart health score, detecied heart
conditions, or recommended user action items based on the heart health score may be displayed to
the user through a display of the portable computing device.

{0011} The biometric data may be upleoaded onto a remote server where one or more cardiac
technicians or cardiac specialists may analyze the biometric data and provide ECG interpretations,
diagnoses, recommendations such as lifestyle recommendations, and/or goals such as lifestyle goals
for subject. These interpretations, diagnoses, recommendations, and/or goals may be provided to the
subject through the cardiac disease and/or rhythm management system on their focal computing
device. The cardiac disease and/or rhythm management system may also include tools for the
subject to track their biometric data and the associated interpretations, diagnoses, recommendations,
and/or goals from the cardiac technicians or specialists.

[8012] An aspect of the present disclosure includes a dashboard centered around arrhythmia or atrial
fibrillation tracking. The dashboard includes a heart score that can be calculated in response to data
from the user such as their ECG and other personal information such as age, gender, height, weight,
body fat, disease risks, ¢tc. The main driver of this heart score will often be the incidence of the

user’s atrial fibrillation. Other drivers and influencing factors include the aforementioned personal
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information. The heart score will be frequently related to output from a machine learning algorithm
that combines and weights many if not all of influencing factors.
{6013} The dashboard will often display and track many if not all of the influencing factors. Some
of these influencing factors may be entered directly by the user or may be input by the use of other
mobile health monttoring or sensor devices. The user may also use the dashboard as an atrial
fibrillation or arrhythmia management tool to set goals to improve their heart score.
[0014] The dashboard may also be accessed by the user’s physician (e g. the physician prescribing
the system to the user, another reguiar physician, or other physician) to aliow the physician to view
the ECG and biometric data of the user, view the influencing factors of the user, and/or provide
additional ECG interpretations, diagnoses, recommendations, and/or goals.
{6015] Another aspect of the present disclosure provides a method for managing cardiac health.
Biometric data of a user may be received. A cardiac health score may be generated in response to
the received biometric data. One or more recommendations or goals for improving the generated
cardiac health score may be displayed to the user. The biometric data may comprise one or more of
an electrocardiogram {(EC(G), dietary information, stress level, activity level, gender, height, weight,
age, body fat percentage, blood pressure, results from imaging scans, blood chemistry values, or
genotype data. The recommendations or goals may be updated in response to the user meeting the
displayed recommendations or goals. The user may be alerted if one or more recommendations or
goals have not been completed by the user, for example if the user has not completed one or more
recommendations or goals for the day.
{6016} The analysis applied may be through one or more of the generation of a heart health score or
the application of one or more machine learning algorithms. The machine learning algorithms may
be trained using population data of heart rate. The population data may be collected from a plurality
of the heart rate monitoring enabled poriable computing devices or accessories provided to a
plurality of users. The training population of users may have been previously identified as either
having atrial fibrillation or not having atrial fibrillation prior o the generation of data for
continuously measured heart rate. The data may be used to train the machine learning algorithn to
extract one or more features from any continuously measured heart rate data and identify atrial
fibrillation or other conditions therefrom. After the machine learning algorithm has been trained, the
machine learning algorithm may recognize atrial fibrillation from the continuously measured heart
rate data of a new user who has not yet been identified as having atrial fibriflation or other heart
conditions. One or more of training population data or the trained machine learning algorithi may
be provided on a central computing device (e.g. be stored on a non-transitory computer readable

A
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medium of a server) which is in communication with the local computing devices of the users and
the application executed thereon (e.g. through an Internet or an intranet connection. )

{6017} A set of instructions for managing cardiac health may be downloaded from the Internet.
These set of instructions may be configured to automatically generate the cardiac health score. The
cardiac health score may be generated using a machine learning algorithm. The machine learning
algorithm may generate the cardiac health score of the user and/or the recommendations and/or goals
in response to biometric data from a plurality of users. The set of instructions may be configured to
allow a medical professional to access the received biometric data. The cardiac health score and/or
the recommendations and/or goals may be generated by the medical professional.

[6018] The set of instructions may be stored on a non-transitory computer readable storage medium
of one or more of a body-worn computer, a tablet computer, a smartphone, or other computing
device. These set of instructions may be capable of being executed by the computing device. When
executed, the set of instructions may cause the computing device to perform any of the methods
described herein, including the method for managing cardiac health described above.

{6619] Another aspect of the present disclosure provides a system for managing cardiac health. The
system may comprise a sensor for recording biometric data of a user and a local computing device
recetving the biometric data from the sensor. The local computing device may be configured to
display a cardiac health score and one or more recommendations or goals for the user to improve the
cardiac health score in response to the received biometric data.

{0026} The system may further comprise a remote server receiving the biometric data from the local
computing device. One or more of the local computing device or the remote server may comprise a
machine learning algorithm which generates one or more of the cardiac health score or the one or
more recommendations or goals for the user. The remote server may be configured for access by a
medical professional. Alternatively, or in combination, one or more of the cardiac health score or
one or more recommendations or goals may be generated by the medical professional and provided
to the local computing device through the remote server.

{6021] The sensor may comprise one or more of a hand-held electrocardiogram (ECG) sensor, a
wrist-worn activity sensor, a blood pressure monitor, a personal weighing scale, a body fat
percentage sensor, a personal thermometer, a pulse oximeter sensor, or any mobile health monitor or
sensor. Often, the sensor is configured to be in wireless commuuication with the local computing
device. The local computing device comprises one or more of a personal computer, a laptop

computer, a palmtop computer, a tablet computer, a smartphone, a body-worn computer, or the like.
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The biometric data may comprise one or more of an electrocardiogram (ECG), dietary information,
stress level, activity level, gender, height, weight, age, body fat percentage, or blood pressure.
{6022} Other physiological signals or parameters such as physical activity, heart sounds, blood
pressure, blood oxygenation, blood glucose, temperature, activity, breath composition, weight,
hydration levels, an electroencephalograph (EEG), an electromyography (EMG), a
mechanomyogram (MMG), an electrooculogram (EOG), etc. may also be monitored. The user may
also input user-related health data such as age, height, weight, body mass index (BMI), diet, sleep
fevels, rest levels, or stress levels. One or more of these physiclogical signals and/or parameters
may be combined with the heart rate data to detect atrial fibriliation or other conditions. The
machine learning algorithm may be configured to identify atrial fibrillation or other conditions 1n
response to heart rate data in combination with one or more of the other physiological signals and/or
parameters for instance. Triggers or alerts may be provided to the user in response to the measured
physiological signals and/or parameters. Such triggers or alerts may notify the user to take
corrective steps to improve their health or monitor other vital signs or physiological parameters. The
application loaded onto and executed on the portable computing device may provide a health dash
board integrating and displaying heart rate information, heart health parameters determined in
response to the heart rate information, other physiological parameters and trends thereof, and

recommended user action items or steps to improve health.

INCORPORATION BY REFERENCE
[6023] All publications, patents, and patent applications mentioned in this specification are herein
incorporated by reference to the same extent as if each individual publication, patent, or patent

application was specifically and individually indicated to be incorporated by reference.

BRIEF DESCRIPTION OF THE DRAWINGS
[6024] The novel features of the subject matter disclosed hergin are set forth with particularity in the
appended claims. A better understanding of the features and advantages of the present disclosure
will be obtained by reference to the following detailed description that sets forth itlustrative
embodiments, in which the principles of the disclosure are utilized, and the accompanying drawings
of which:
{6025] FIG. 1 shows a system for cardiac disease and rhythm management;
{0026] FIG. 2 shows a flow chart of a method 200 for predicting and/or detecting atnial fibrillation

from R-R interval measurements;
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{6627] FIG. 3 shows a flow chart of a method for predicting and/or detecting atrial fibrillation from
R-R interval measurements and for predicting and/or detecting atrial fibrillation from raw heart rate
signals;

{6028] FIG. 4 shows an embodiment of the system and method of the ECG monitoring described
herein;

{8029} FIG. S shows a tlow chart of an exemplary method to generate a heart health score in
accordance with many embodiments;

{0030} FIG. 6 shows an exemplary method of generating a heart score;

{6031} FIG. 7 shows a schematic diagram of the executed application described herein;

{6032] FIG. 8 shows exemplary screenshots of the executed application;

{6033] FIG. 9 shows an exemplary method for cardiac disease and rhythm management;

[0034] FIG. 10 shows an exemplary method for monitoring a subject to determine when to record an
electrocardiogram {(ECG);

[6035] FIG. 11 shows an exemplary screenshot of a first aspect of a dashboard application;

{6636] FIG. 11 A shows an exemplary screenshot of a second aspect of a dashboard application;
{0037] FIG. 12 shows an exemplary screenshot of a first aspect of a goals and recommendations
page of the cardiac disease and thythm management system interface or mobile app;

{6038] FIG. 12A shows an exemplary screenshot of a second aspect of a goals and recommendations
page of the cardiac disease and rhythm management system interface or mobile app;

16039} FIG. 13 shows an exemplary screenshot of a user’s local computing device notifying the user
with a pop-up notice to meet their daily recommendations and goals; and

{6040} FIG. 14 shows an embodiment comprising a smart watch which includes at least one heart

rate monitor and at least one activity monitor.
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DETAILED DESCRIPTION
{8041} Devices, systems, and methods for managing health and disease such as cardiac diseases,
including arrhythmia and atrial fibrillation, are disclosed. In particular, a cardiac disease and/or
rhythm management systern, according to aspects of the present disclosure, allows a user to
conveniently document their electrocardiograms (ECG) and other biometric data and receive
recommendation{s} and/or goal(s) generated by the system or by a physician in response to the
documented data.
[0042] The term “atrial fibrillation,” denoting a type of cardiac arrhythmia, may also be abbreviated
in either the figures or description herein as “AFIB.”
{6043] FIG. 1 shows a system 100 for cardiac disease and rhythim management. The system 100
may be prescribed for use by a user or subject such as being prescribed by the user or subject’s
regular or other physician or doctor. The system 100 may comprise a local computing device 101 of
the user or subject. The local computing device 101 may be loaded with a user interface, dashboard,
or other sub-sysitem of the cardiac disease and rhythm management system 100. For example, the
local computing device 101 may be loaded with a mobile software application (“mobile app”) 101a
for interfacing with the system 100. The local computing device may comprise a computing device
worn on the body {e.g. a head-worn computing device such as a Google Glass, a wrist-worn
computing device such as a Samsung Galaxy Gear Sroart Watch, etc.), a tablet computer (e.g. an
Apple iPad, an Apple iPod, a Google Nexus tablet, a Samsung Galaxy Tab, a Microsoft Surface,
etc.), a smartphone (e.g. an Apple iPhone, a Google Nexus phone, a Samsung Galaxy phone, etc.).
{6044] The local computing device 101 may be coupled to one or more biometric sensors. For
example, the focal computing device 101 may be coupled to a handheld ECG monitor 103. The
handheld ECG monitor 103 may be in the form of a smartphone case as described in co-owned U.S.
Patent Applications Nos. 12/796,188 (now U.S. Patent No. 8,509,882), 13/107,738, 13/420,520 (now
U.S. Patent No. 8,301,232}, 13/752,048, 13/964,490, 13/969,446, 14/015,303, and 14/076,076, the
contents of which are incorporated herein by reference.
[8045] In some embodiments, the handheld ECG monitor 103 may be a handheld sensor coupled to
the local computing device 101 with an intermediate protective case/adapter as described in U.S.
Provisional Application No. 61/874,806, filed Sep. 6, 2013, the contenis of which are incorporated
herein by reference. The handheld ECG monitor 103 may be used by the user to take an ECG
measurement which the handheld ECG monitor 103 may send to the local computing device by

connection 103a. The connection 103a may comprise a wired or wireless connection {e.g. a Wi-Fi
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connection, a Bluetooth connection, a NFC connection, an ultrascund signal transmission
connection, etc.). The mobile software application 101a may be configured to interface with the one
or more biometric sensors including the handheld ECG monitor 103.
{6046] The local computing device 101 may be coupled to a wrist-worn biometric sensor 105
through a wired or wireless connection 105a (e.g. a Wi-Fi connection, a Bluetooth connection, a
NFC connection, an ulirasound signal transmission connection, eic.). The wrist-worn biometric
sensor 105 may comprise an activity monitor such as those available from Fithit Inc. of San
Francisco, CA or a Nike FuelBand available from Nike, Inc. of Oregon. The wrist-worn biometric
sensor 105 may also comprise an ECG sensor such as that described in co-owned U.S. Provisional
Application No. 61/872,555, the contents of which is incorporated herein by reference.
{6047] The local computing device 101 may be coupled to other biometric devices as well such as a
personal scale or a blood pressure monitor 107, The blood pressure monitor 107 may communicate
with the local device 101 through a wired or wireless connection 107a (e.g. a Wi-Fi connection, a
Bluetooth connection, a NFC connection, an ultrasound signal transmission connection, etc.).
{60648 The local computing device 101 may directly communicate with a remote server or cloud-
based service 113 through the Internet 111 via a wired or wireless connection 111a (e.g. a Wi-Fi
connection, a cellular network connection, a DSL Internet connection, a cable Internet connection, a
fiber optic Internet connection, a T1 Internet connection, a T3 Internet connection, etc.).
Alternatively, or in combination, the local computing device 101 may first couple with another local
computing device 109 of the user, such as a personal computer of the user, which then
communicates with the remote server or cloud-based service 113 via a wired or wireless connection
109a (e.g. a Wi-Fi connection, a cellular network connection, a DSL Internet connection, a cable
Internet connection, a fiber optic Internet connection, a T1 Internet connection, a T3 Internet
connection, etc.) The local compuiing device 109 may comprise software or other interface for
managing biometric data collected by the local computing device 101 or the biometric data
dashboard loaded on the local computing device 101.
{6049] Other users may access the patient data through the remote server or cloud-based service
113. These other users may include the user’s regular physician, the user’s prescribing physician
who prescribed the system 100 for use by the user, other cardiac technicians, other cardiac
specialists, and system administrators and managers. For example, a first non-subject user may
access the remote server or cloud-based service 113 with a personal computer or other computing
device 115 through an Internet connection 115a {e.g. a Wi-Fi connection, a cellular network
connection, a DSL Internet connection, a cable Internet connection, a fiber optic Internet connection,
0.
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a T1 Internet connection, a T3 Internet connection, eic.}. Alternatively, or in combination, the first
non-subject user may access the remote server or cloud-based service 113 with a local computing
device such as a tablet computer or smartphone 117 through an Internet connection 117a. The tablet
computer or smartphone 117 of the first non-subject user may interface with the personal computer
115 through a wired or wireless connection 117b (e.g. a Wi-Fi connection, a Bluetooth connection, a
NFC connection, an ulirasound signal transmission connection, ¢ic.). Further, a second non-subject
user may access the remote server or cloud-based service 113 with a personal computer or other
computing device 119 through an Internet connection 119a (e.g. a Wi-Fi connection, a cellular
network connection, a DSL Internet connection, a cable Internet connection, a fiber optic Internet
connection, a T1 Internet connection, a T3 Internet connection, etc.}. Further, a third non-subject
user may access the remote server or cloud-based service 113 with a tablet computer or smartphone
121 through an Internet connection 121a (e g a Wi-Fi connection, a cellular network connection, a
DSL Internet connection, a cable Internet connection, a fiber optic Internet connection, a T1 Internet
connection, a T3 Internet connection, etc.). Further, a fourth non-subject user may access the remote
server or cloud-based service 113 with a personal computer or other computing device 123 through
an Internet connection 123a (e.g. a Wi-Fi connection, a cellular network connection, a DSL Internet
connection, a cable Internet connection, a fiber optic Internet connection, a T1 Internet connection, a
T3 Internet connection, etc.). The first non-subject user may comprise an administrator or manager
of the system 100. The second non-subject user may comprise a cardiac technician. The third non-
subject user may comprise a regular or prescribing physician of the user or subject. And, the fourth
non-subject user may comprise a cardiac specialist who is not the user or subject’s regular or
prescribing physician. Generally, many if not all of the communication between various devices,
computers, servers, and cloud-based services will be secure and HIPAA-compliant.

{805¢] Aspects of the present disclosure provide systems and methods for detecting and/or
predicting atrial fibrillation or other arrhythmias of a user by applving one or more machine
learning-based algorithms. A portable computing device {or an accessory usable with the portable
computing device) may provide R-R intervals and/or raw heart rate signals as input to an application
foaded and executed on the portable computing device. The raw heart rate signals may be provided
using an electrocardiogram (ECG) in communication with the portable computing device or

, 2013, 13/420,520 filed
March 14, 2013, 13/108,738 filed May 16, 2011, and 12/796,188 filed June 8, 2010. Alternatively,

accessory such as described in U.S. Ser. Nos. 13/964,490 filed August 12
or in combination, the raw heart rate signals may be provided using an on-board heart rate sensor of

the portable computing device or by using photoplethysmography implemented by an imaging
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source and a light source of the portable computing device. Alternatively, or in combination, the
raw heart rate signals may be from an accessory device worn by the user or attached to the user {e.g.
a patch) and which is in comumunication with the portable computing device. Such wearable
accessory devices may include Garmin’s Vivofit Fitness Band, Fitbit, Polar Heart Rate Monitors,
New Balance’s Balance Watch, Basis Bl Band, MIO Alpha, Withings Pulse, LifeCORE Heart Rate
Monitor strap, and the like.
[0051] R-R intervals may be extracted from the raw heart rate signals. The R-R intervals may be
used to calculate heart rate variability (HRV) which may be analyzed in many ways such as using
time-domain methods, geometric methods, frequency-domain methods, non-linear methods, long
term correlations, or the like as known in the art. Alternatively, or in combination, the R-R intervals
may be used for non-traditional measurements such as (i) determining the interval between every
other or every three R~waves to evaluate for bigeminy or trigeminy or (i1} the generation of a
periodic autoregressive moving average (PARMA).
[6052] The machine learning based algorithm(s) may allow software application(s) to identify
patterns and/or features of the R-R interval data and/or the raw heart rate signals or data to predict
and/or detect atrial fibrillation or other arrhythmias. These extracted and labelied features may be
features of HRYV as analyzed in the time domain such as SDNN (the standard deviation of NN
intervals calculated over a 24 hour period), SDANN (the standard deviation of the average NN
intervals calculated over short periods), RMSSD (the square root of the mean of the sum of the
squares of the successive differences between adjacent NNs), SDSD (the standard deviation of the
successive differences between adjacent NNsj, NNSO (the number of pairs of successive NNs that
differ by more than 50 ms), pNNSO (the proportion of NN50O divided by total number of NNs),
NNZ0 (the number of pairs of successive NN that differ by more than 20 ms), pNN20 (the
proportion of NN20O divided by the total number of NNs), EBC (estimated breath cycle), NNx (the
number of pairs of successive NNs that differ by more than x ms), pNNx (the proportion of NNx
divided by the number of NNs)}, or other features known in the art. Alternatively, or in combination,
the extracted and labelled features may comprise a nonlinear transform of R-R ratio or R-R ratio
statistics with an adaptive weighting factor. Alternatively, or in combination, the exiracted and
labelled features may be features of HRV as analyzed geometrically such as the sample density
distribution of NN interval durations, the sample density distribution of differences between adjacent
NN intervals, a Lorenz plot of NN or RR intervals, degree of skew of the density distribution,
kurtosis of the density distribution, or other features known in the art. Alternatively, or in
combination, the extracted and labelled features may be features of HRV in the frequency domain
“11-
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such as the power spectral density of different frequency bands including a high frequency band
(HF, from 0.15 to 0.4 Hz), low frequency band (LF, from 0.04 to 0.15 Hz), and the very low
frequency band (VLF, from 0.0033 to 0.04 Hz), or other frequency domain features as known in the
art. Alternatively, or in combination, the extracted and labelled features may be non-linear features
such as the geometric shapes of a Poincaré plot, the correlation dimension, the nonlinear
predictability, the pointwise correlation dimension, the approximate entropy, and other features as
known in the art. Other features from the raw heart rate signals and data may also be analyzed.
These features include for example a generated autoregressive (AR) model, a ratio of consecutive
RR intervals, a normalized ratio of consecutive RR intervals, a standard deviation of every 2, 3, or 4
RR intervals, or a recurrence plot of the raw HR signals, among others.

{6053] The features of the analysis and/or measurement may be selected, extracted, and labelled to
predict atrial fibrillation or other arrhythmias in real fime, e.g. by performing one or more machine
learning operation. Such operations can be selected from among an operation of ranking the
feature(s), classifying the feature(s), labelling the feature(s), predicting the feature(s), and clustering
the feature(s). Alternatively, or in combination, the extracted features may be labelled and saved for
oftline training of a machine learning algorithm or set of machine learning operations. For example,
the operations may be selected from any of those above. Any number of machine learning
algorithms or methods may be trained to identify atrial fibrillation or other conditions such as
arrhythmias. These may include the use of decision tree learning such as with a random forest,
association rule learning, artificial neural network, inductive logic programming, support vector
machines, clustering, Bayesian networks, reinforcement learning, representation learning, similarity
and metric learning, sparse dictionary learning, or the like.

[6054] The systems and methods for detecting and/or predicting atrial fibrillation or other conditions
such as arrhythmias described herein may be implementied as software provided as a set of
instructions on a non-transitory computer readable medium. A processor of a computing device (e.g
a tablet computer, a smariphone, a smart watch, a smart band, a wearable computing device, or the
like} may execute this set of instructions 1o receive the input data and detect and/or predict atrial
fibrillation therefrom. The sofiware may be downloaded from an online application distribution
platform such as the Apple iTunes or App Store, Google Play, Amazon App Store, and the like. A
display of the computing device may notify the user whether atrial fibrilation or other arthythmias
has been detected and/or if further measurements are required {(e.g. to perform a more accurate
analysis). The software may be loaded on and executed by the portable computing device of the user
such as with the processor of the computing device.
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{60655] The machine learning-based algorithms or operations for predicting and/or detecting atrial
fibrillation or other arrhythmias may be provided as a service from a remote server which may
interact or communicate with a client program provided on the computing device of the user, e.g. as
a mobile app. The interaction or communication may be through an Application Program Interface
{API}. The API may provide access to machine learning operations for ranking, clustering,
classifying, and predicting from the R-R interval and/or raw heart rate data, for example.
[0056] The machine learning-based algorithms or operations, provided through a remote server
and/or on a local application on a local computing device, may operate on, learn from, and make
analytical predictions from R-R interval data or raw heart rate data, e.g. from a population of users.
The R-R interval or raw heart rate data may be provided by the local computing device itself or an
associated accessory, such as described in U.S. Ser. Nos. 13/964,490 filed August 12, 2013,
13/420,520 filed March 14, 2013, 13/108,738 filed May 16, 2011, and 12/796,188 filed June &,
2010. Thus, atrial fibrillation and other arrhythmias or other heart conditions can be in a convenient,
user-accessible way,
{6657] FIG. 2 shows a flow chart of a method 200 for predicting and/or detecting atrial fibrillation
from R-R interval measurements. In a step 202, an R-R interval of a user is obtained. In a step 204,
the obtained R-R interval is analvzed using one or more traditional heart rate variability
measurements such as, for example, time domain measures, frequency domain measures, and non-
linear heart rate variability. In a step 206, the obtained R-R interval 1s analyzed using one or more
non-traditional heart rate variability measurementis such as, for example, RR (n-1} for Bigeminy and
Trigeminy detection, and the generation of a periodic autoregressive moving average (PARMA). In
a step 208, a feature selection occurs. In a step 210, a real time prediction or detection of atrial
fibrillation, and/or in a step 212, the heart rate variability measurements may be labelled and saved
for offline training of a machine learming algorithm or set of machine learning operations, and then
may be subsequently used to make a real time prediction and/or detection of atrial fibrillation.
{0058} FIG. 3 shows a flow chart of a method 300 for predicting and/or detecting atrial fibrillation
from R-R interval measurements and for predicting and/or detecting atrial fibrillation from raw heart
rate signals. In a step 302, raw heart rate signals are obtained from, for example, an ECG of a user.
In a step 304, R-R intervals are obtained from the obtained raw hearth signals. In a step 306, the
obtained R-R interval 15 analyzed using one or more traditional heart rate variability moeasurements
such as, for example, time domain measures, frequency domain measures, and non-linear heart rate
variability. In a step 308, the obtained R-R interval is analyzed using one or more non-traditional
heart rate variability measurements such as, for example, RR (n-i} for bigeminy and trigeminy
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detection, and the generation of a periodic autoregressive moving average (PARMA). In a step 310,
features from the obtained heart rate features are analyzed using one or more of wavelet features and
shape based features from a Hilbert transform. In a step 312, a feature selection occurs. In a step
314, a real time prediction or detection of atrial fibrillation, and/or in a step 316, the heart rate
variability measurements may be labelled and saved for offline training of a machine learning
algorithm or set of machine learning operations, and then may be subsequently used to make a real
time prediction and/or detection of atrial fibrillation.

{605%] Although the above steps show methods 200 and 300 in accordance with many embodiments,
a person of ordinary skill in the art will recognize many variations based on the teaching described
herein. The steps may be completed 1o a different order. Steps may be added or deleted. Some of
the steps may comprise sub-steps. Many of the steps may be repeated as often as beneficial to the
user or subject.

[6068] One or more of the steps of method 200 and 300 may be performed with circuitry, for
example, one or more of a processor or a logic circuitry such as a programmable array logic for a
field programmable gate array. The circuitry may be programmed to provide one or more of the
steps of methods 200 and 300, and the program may comprise program instructions stored on a non-
transitory computer readable medium or memory or programmed steps of the logic circuitry such as
the programmable array logic or the field programmable gate array, for example.

{8061} Aspects of the present disclosure provide systems and methods for mounttoring one or more
physiclogical parameters and providing a trigger message to the user if the one or more
physiological parameter meets a pre-determined or learned threshold(s). Two or more of the
physiological parameters may be combined to provide a trigger message. That is, a particular trigger
message may be provided to the user if two or more pre-determined threshold(s) for the
physiclogical parameter(s) are met.

[0062] Table 1 below shows an exemplary table of physiological parameters that may be measured
{left column), features of interest to be measured or threshold types to be met (middle column), and
exemplary trigger messages {right column).

TABLE 1
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Physiological Parameter

Measurements/Threshold

Sample Trigger Messages

Hearl Rate

Heart Rate Variability (HRV), Non-
linear Transformation of RR intervals

Measure ECG; See Your Docior

Heart Sound

Sound Features

Abnormal Heart Sound;
Measure ECG;
See Your Doctor

Blood FPressure

Upper and Lower Thresholds

High/Low Blood Pressure;
Take BP Medication; Exercise;
See Your Doctor

Blood Oxygenation

Q2 Saturation, 02 Saturation
Variability

High Risk of Hypoventilation;
High Risk of Sleep Disorder such as
Apnes;

See Your Doclor

Blood Glucose

Upper and Lower Thresholds

High Risk of Hypoglycemia;
See Your Doclor

Temperature

Temperature, Ternperature Changes

Fever; Take OTC Fever Madication;
See Your Doctor

Physical Activity
{accelerometer data)

Gait, Chest Compressions, Speed,
Distance

Monitor Senior or Infant Posture, e.g. if
senior/infant has fallen

Electrocardiogram
(ECG)

ECG Features (E.g. QT, QRSE, PR
intervals, HRV ,etc.

High Risk of Certain Cardiac Diseases;
Sleep apnes;
See Your Doctor

Breath Content
{Breathalyzer data)

Percentage of the Certain Chemicals

High Risk of Certain Dental Disease,
Diabetes, eic.;
See Your Doctor

{8063} The machine learning based algorithms or operations as described herein may be used to

determine the appropriate trigger thresholds in response to the raw physiological data input and/or

user-input physiclogical parameters (¢.g. age, height, weight, gender, etc.). Features of the raw

physiological data input may be selected, extracted, labelled, clustered, and/or analyzed. These

processed features may then be analyzed using one or more machine learning operation such as

ranking the feature(s), classifying the feature(s), predicting the feature(s), and clustering the

feature(s}. The various machine learning algorithms described herein may be used to analyze the

features to detect and predict health conditions and generate recommendations or user action items to

improve the health of the user. For instance, the machine learning algorithms may be trained to

identify atrial fibrillation or other conditions in response to the non-heart rate physiological

parameter(s) such as age, gender, body mass index (BMI), activity level, diet, and others in

combination with the raw heart rate data and HRYV that can be extracted therefrom.

{6064] The systems and methods for monitoring one or more physiological parameters and

providing a trigger message to the user if the one or more physiological parameter meets a pre-

determined threshold(s) described herein may be implemented as software provided as a set of

instructions on a non-transitory computer readable medium. A processor of a computing device (e.g.

a tablet computer, a smartphone, a smart watch, a smart band, a wearable computing device, or the
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like) may execute this set of instructions to receive the input data and detect and/or predict atrial
fibrillation therefrom. The software may be downloaded from an online application distribution
platform such as the Apple iTunes or App Store, Google Play, Amazon App Store, and the like. The
software may be loaded on and executed by the portable computing device of the user such as with
the processor of the computing device. The software may also provide both the triggering
application described herein and the heart rate monitoring and analysis for detecting atrial fibrillation
or other heart conditions described herein.
{6065] In an embodiment, a method and system for longitudinal monitoring of a patient's or any
consumer’s (after referred to as "patient”) health using various ECG monitoring devices is described
herein. The ECG monitoring devices generate ECG signal data which can be stored in a database for
further analysis. The ECG data, which can be stored in a database along with other patient
information, can be analyzed by a processing device, such as a computer or server, using various
algorithms.
[6066] Various ECG monitoring or recording devices, hereinafter referred to as EC(G monitoring
devices, can be used to record the ECG data. For example, the ECG monitoring device can be a
handheld, portable, or wearable smartphone based device, as described in U.S. Patent No. 8,301,232,
which is herein incorporated by reference in its entirety for all purposes. A smartphone based
device, or a device having wireless or cellular telecommunication capabilities, can transmit the ECG
data to a database or server directly through the internet. These types of ECG monitoring devices as
well as other ECG monitoring devices include portable devices, wearable recording devices, event
recorders, and Holter monitors. Clinical or hospital based ECG recording devices can also be used
and integrated into the system. Such devices may be able to transmit stored ECG data through a
phone line or wirelessly through the internet or cellular network, or may need to be sent to a data
collection center for data collection and processing. The EC(G data can be tagged with the type of
ECG monitoring device used to record the data by, for example, including it in metadata for
indexing and searching purposes.
{6067] The ECG monitoring devices can be single lead devices or multiple lead devices, where each
fead generally terminates with an electrode. Some embodiments ruay even be leadless and have
electrodes that are integrated with the body or housing of the device, and therefore have a
predetermined relationship with each other, such as a fixed spacing apart from each other. The
orientation and positioning of the single lead in a single lead device or of each lead of the multiple
lead device or of the electrodes of the leadless device can be transmitted with the ECG data. The
fead and/or electrode placement may be predetermined and specitied to the patient in instructions for
16~
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using the device. For example, the patient may be instructed to position the leads and/or electrodes
with references to one or more anatomical fandmarks on the patient's torso. Any deviation tfrom the
predetermined fead and/or electrode placement can be notated by the patient or user when
transmitting the ECG data. The lead and electrode placement may be imaged using a digital camera,
which may be integrated with a smart phone, and transmitted with the ECG data and stored in the
database. The lead and electrode placement may be marked on the patient's skin for imaging and for
assisting subsequent placement of the leads and electrodes. The electrodes can be attached to the
skin using conventional methods which may include adhesives and conducting gels, or the electrodes
may simply be pressed into contact with the patient's skin. The lead and electrode placement may be
changed after taking one recording or after recording for a predetermined or variable amount of time.
The ECG data can be tagged with the numbers of leads and/or electrodes and the lead and/or
electrode placement, including whether adhesives and/or conducting gels were used. Again, this
information can be including in metadata for indexing and searching purposes.

[6068] The ECG signal data can be continuously recorded over a predetermined or variable length of
time. Continuous ECG recording devices can record forupto 1,2, 3,4, 5,6, 7,8, 9, 10, 11, 12, 13,
or 14 days. Alternatively, or additionally, the ECG data can be recorded on demand by the patient at
various discrete times, such as when the patient feels chest pains or experiences other unusual or
abnormal feelings. The on demand ECG recorder can have a memory buffer that can record a
predetermined amount of ECG data oun a rolling basis, and when activated by the patient to record a
potential event, a predetermined amount of ECG data can be saved and/or transmitted. The
predetermined amount of ECG data can include a predetermined amount of ECG data before
activation and a predetermined amount of ECG data after activation such that a window of ECG data
is captured that encompasses the potential event. The time period between ECG recordings may be
regular or irregular. For example, the time period may be once a day, once a week, once a month, or
at some other predetermined interval. The ECG recordings may be taken at the same or different
times of days, under similar or different circumstances, as described herein. One or more baseline
H{CGs can be recorded while the patient is free of symptoms. The baseline ECGs can be periodically
recorded and predetermined intervals and/or on-demand. The same ECG recording device or
different ECG recording devices may be used to record the varicus ECG of a particular patient. All
this information may be tagged to or associated with the ECG data by, for example, including itin
the metadata for indexing and searching purposes.

[6069] The ECG data can be time stamped and can be annotated by the patient or health care
provider to describe the circumstances during which the ECG was recorded, preceding the ECG
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recording, and/or following the ECG recording. For example, the system and device can have a user
interface for data entry that aliows the patient to enter in notes regarding the conditions and
circurnstances surrounding the ECG recording. This additional data can be also included as
metadata for indexing and searching purposes. For example, location, food, drink, medication
and/or drug consumption, exercise, rest, sleep, feelings of stress, anxiety, pain or other unusual or
abnormal feelings, or any other circumstance that may affect the patient's ECG signal can all be
inputted into the device, smart phone, computer or other computing device to be transmitted to the
server or database along with the ECG data. The annotated data can also include the patient's
identity or unique identifier as well as various patient characteristics including age, sex, race,
ethnicity, and relevant medical history. The annotated data can also be time stamped or tagged so
that the ECG data can be matched or correlated with the activity or circumstance of interest. This
also allows comparison of the ECG before, after and during the activity or circumstance so that the
effect on the ECG can be determined.
[6070] The ECG data and the associated metadata can be transmitted from the device to a server and
database for storage and analysis. The transmission can be real-time, at regular intervals such as
hourly, daily, weekly and any interval in between, or can be on demand. The metadata facilitates the
searching, organizing, analyzing and retrieving of ECG data. Comparison and analysis of a single
patient's ECG data can be performed, and/or comparison of ECG data between patients can be
performed. For example, the metadata can be used to identify and select a subset of ECG data where
an activity or circumstance, such as the taking of medication, occurred within a predetermined
amount of time to the ECG data. The components of the ECG signal data, such as the Pwave, T
wave, and QRS complex and the like, the amplitudes of the components, the ratios between the
components, the width of the components, and the delay or time separation between the components,
can be extracted, compared, analyzed, and stored as ECG features. For example, the P wave and
heart rate can be extracted and analyzed to identify atrial fibrillation, where the absence of P waves
and/or an irregular heart rate may indicate atrial fibrillation. The extracted ECG features can also be
included in the metadata for indexing and searching.
{8071} The changes in the ECG signal over time in view of the activities and circumstances can be
compared with changes over time and circumstances observed within a database of ECG's.
Comparisons may include any comparison of data derived from any other ECG siguoal or any
database of EC('s or any subset of ECG data, or with data derived from any database of ECG's.
Changes in any feature of the ECG signal over time may be used for a relative comparison with
similar changes in any ECG database or with data derived from an ECG database. The ECG data
-18-

130



from the baseline ECG and the ECG data from a potential adverse event can be compared to
determine the changes or deviations from baseline values. In addition, both the baseline ECG and
the ECG data recorded from the patient can be compared to one or more predetermivned template
ECGs which can represent a normal healthy condition as well as various diseased conditions, such as
myocardial infarction and arrhythmias.
{6072] The comparisons and analysis described hergin can be used to draw conclusions and insights
into the patient's health status, which includes potential health issues that the patient may be
experiencing at the time of measurement or at future times. Counclusions and determinations may be
predictive of future health conditions or diagnostic of conditions that the patient already has. The
conclusions and determinations may also include insights into the effectiveness or risks associated
with drugs or medications that the patient may be taking, have taken or may be contemplating taking
in the future. In addition, the comparisons and analysis can be used to determine behaviors and
activities that may reduce or increase risk of an adverse event. Based on the comparisons and
analysis described herein, the ECG data can be classified according to a level of risk of being an
adverse event. For example, the ECG data can be classified as normal, tow risk, moderate risk, high
risk, and/or abnormal. The normal and abnormal designation may require health care professional
evaluation, diagnosis, and/or confirmation.
{6073] Diagnosis and determination of an abnormality, an adverse event, or a disease state by
physicians and other health care professionals can be transmitted to the servers and database to be
tagged with and associated with the corresponding ECG data. The diagnosis and determination may
be based on analysis of ECG data or may be determined using other tests or examination procedures.
Professional diagnosis and determinations can be extracted from the patient's electronic health
records, can be entered into the system by the patient, or can be entered into the system by the
medical professional. The conclusions and determinations of the system can be compared with
actual diagnosis and determinations from medical professions to validate and/or refine the machine
learning algorithms used by the system. The time of occurrence and duration of the abnormality,
adverse event or disease state can also be included in the database, such that the ECG data
corresponding with the occurrence and/or the ECG data preceding and/or following the abnormality,
adverse event or disease state can be associated together and analyzed. The length of time preceding
or following the abnormality may be predetermined and be up to 1 to 30 days, or greater than 1 to 12
months. Analysis of the time before the abnormality, adverse event or disease state may allow the
system to identify patterns or correlations of various ECG features that precede the occurrence of the
abnormality, adverse event or disease state, thereby providing advance detection or warning of the
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abnormality, adverse event or disease state. Analysis of the time following the abnormality, adverse
event or disease state can provide information regarding the efficacy of treatments and/or provide the
patient or physician information regarding disease progression, such as whether the patient's
condition in improving, worsening or staying the same. The diagnosis and determination can also be
used for indexing by, for example, including it in the metadata associated with the corresponding
ECG data.
[0074] As described herein, various parameters may be included in the database along with the ECG
data. These may include the patient's age, gender, weight, blood pressure, medications, behaviors,
habits, activities, food consumption, drink consumption, drugs, medical history and other factors that
may influence a patient's ECG signal. The additional parameters may or may not be used in the
comparison of the changes in ECG signal over time and circumstances.
[8075] The conclusions, determinations, and/or tnsights into the patient's health generated by the
system may be communicated to the patient directly or via the patient's caregiver {doctor or other
healthcare professional). For example, the patient can be sent an email or text message that is
automatically generated by the system. The email or text message can be a notification which
directs the patient to log onto a secure site to retrieve the full conclusion, determination or msight, or
the email or text message can include the conclusion, determination or insight. Alternatively, or
additionally, the email or text message can be sent to the patient's caregiver. The notification may
also be provided via an application on a smartphone, tablet, laptop, desktop or other computing
device.
[8076] As described herein, the system can identify behaviors, habits, activities, foods, drinks,
medications, drugs, and the like which are associated with the patient's abnormal ECG readings. In
addition to informing the patient of these associations, the system can provide instructions or
recommendations to the patient to avoid these behaviors, habits, activities, foods, drinks,
medications, drugs, and the like which are associated with the patient's abnormal ECG readings.
Similarly, the system can identify behaviors, habiis, activities, foods, drinks, medications, drugs, and
the like which are associated with normal or improving ECG readings, and can instruct or
recommend that the patient perform these behaviors, habits, and activities and/or consume these
foods, drinks, medications, and drugs. The patient may avoid a future healthcare issue, as instructed
or recommended by the system, by modifving their behavior, habits or by taking any course of
action, including but not limited to taking a medication, drug or adhering o a diet or exercise
program, which may be a predetermined course of action recommended by the system independent
of any analysis of the EC(G data, and/or may also result from insights learned through this system
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and method as described herein. In addition, the insights of the system may relate to general fitness
and or mental wellbeing.
[8677] The ECG data and the associated metadata and other related data as described herein can be
stored in a central database, a cloud database, or a combination of the two. The data can be indexed,
searched, and/or sorted according to any of the features, parameters, or criteria described herein.
The system can analyze the ECG data of a single patient, and it can also analyze the ECG data of a
group of patients, which can be selected according to any of the features, parameters or criteria
described herein. When analyzing data from a single patient, it may be desirable to reduce and/or
correct tor the intra-individual variability of the ECG data, so that comparison of one set of ECG
data taken at one particular time with another set of ECG data taken at another time reveals
differences resulting from changes in health status and not from changes in the type of ECG
recording device used, changes in lead and electrode placement, changes in the condition of the skin
(i.e. dry, sweaty, conductive gel applied or not applied), and the like. As described above, consistent
tead and electrode placement can help reduce variability in the ECG readings. The system can also
retrieve the patient's ECG data that were taken under similar circumstances and can analyze this
subset of ECG data.
{6078] FIG. 4 illustrates an embodiment of the system and method 400 of ECG monitoring
described herein. The system can be implemented on a server or computer having a processor for
executing the instructions described herein, which can be stored in memory. In step 402, ECG data
can be recorded using any of the devices described herein for one or more patients. In step 404, the
ECG data is transmitted along with associated metadata to a server and database that stores the ECG
data. In step 406, a subset of the ECG data can be selected based on criteria in the metadata, such as
user identity, time, device used to record the ECG data, and the like. In step 408, the subset of ECG
data can be analyzed using a machine learning algorithm, which can assign a risk level to the ECG
data in step 410. The system can then determine whether the risk level is high, as shown in step 412.
If the risk level is low, the user can be notified that the ECG is normal or low risk, as shown in step
414. Hf the risk level is high, a high risk level alert can be sent to the patient with the option of
sending the ECG to the medical professional for interpretation, as shown in step 416, The system
then waits for the user's response to determine whether the patient elects to send the ECG to the
medical professional for interpretation, as shown in step 418, If the patient does not wish to send the
ECG to the medical professional for interpretation, the system can end the routine at this point, as
shown in 420. If the patient does elect to send the ECG to the medical professional for
interpretation, the request can be transmitted to the medical professional in step 422. The request to
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the medical professional can be sent to a workflow auction system as described in U.S. Provistonal
Application No. 61/800,879, filed March 15, 2013, which is herein incorporated by reference in its
entirety for all purposes. Once the medical professional has interpreted the ECG, the system can
receive and store the ECG interpretation from the medical professional in the database, as shown in
step 424. The system can then notify the user of the professional ECG interpretation, which can be
sent to or accessed by the user, as shown in step 426. Additionally, the system can compare the
assigned risk fevel with the medical diagnosis in step 428 and can determine whether the risk level
determined by the system agrees with the medical diagnosis in step 430. If the risk level does not
agree with the medical diagnosis, the machine learning algorithm can be adjusted until the risk level
matches the medical diagnosis, as shown 1o step 432, If the risk fevel does agree with the medical
diagnosis, the routine can be ended as shown in step 434.

{6079} Although the above steps show a method 400 in accordance with many embodiments, a
person of ordinary skill in the art will recognize many variations based on the teaching described
herein. The steps may be completed in a different order. Steps may be added or deleted. Some of
the steps may comprise sub-steps. Many of the steps may be repeated as often as beneficial to the
user or subject.

{6088] One or more of the steps of a method 400 may be performed with circuitry, for example, one
or more of a processor or a logic circuitry such as a programmable array logic for a field
programyuable gate array. The circuitry may be programmed to provide one or more of the steps of
a method 400, and the program may comprise program instructions stored on a non-transitory
computer readable medium or memory or programmed steps of the logic circuitry such as the
programmable array logic or the field programmable gate array, for example.

[6081] Aspects of the present disclosure provide systems and methods for generating a heart health
score in response {0 continuously measured or monitored physiological parameter(s}. The score may
be given a quantitative value such as be graded from A to F or 0 to 100 for example (e.g. a great
score may be an A or 100, a good score may be a B or 75, a moderate score may be a C or 50, a poor
score may be a D or 25, and a failing score may be an F or 0.3 I an arrhythmia is detected, the score
may be below 50 for example. Other scoring ranges suchas AtoZ, 110 5, 1 to 10, 1 to 1000, etc.
may also be used. Arrhythmia may be detecting using the machine learning based operations or
algorithms described herein.

{0082] FIG. 5 shows a flow chart of an exemplary method 500 to generate a heart health score in

accordance with many embodiments.
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{6083] In a step 502, an arrhythmia is detected. If an arrhythmia is detected (e.g. using the methods
and/or algorithms disclosed herein), then the heart health score generated will be below 50.
Depending on the severity of the arthythmia detected, the heart score may be calculated or assigned

within the ranges according to the table below in Table 2.

TABLE 2
Arrhythmia Heart Health score
ATRIAL FIBRILLATION, HR below 100 30-45
ATRIAL FIBRILLATION, HR above 100 15-30
Sinus Tachycardia 20-40
Supraventricular Tachycardia 20-40
Bradycardia 20-40
Bigeminy, Trigeminy 30-50
Short runs of High Heart Rate (VTACH suspect) 10-30

{6084] In a step 504 a Heart Rate Variability (HRV} is calculated. HRV can be an indicator of heart
health. The value for HRV value for a healthy heart is typically higher than HRV for an unhealthy
heart. Also, HRV typically declines with age and may be affected by other factors, like stress, lack
of physical activity, etc. HRV may be measured and analvzed using the methods described above.
HRYV may be calculated in the absence of arrhythmia, which may improve the accuracy of the HRV
measurement. HRY may be determined and further analyzed as described above.
[0085] In a step 506, premature beats are counted and Heart Rate Turbulence (HRT) is calculated.
Premature beats in the sequence of R-R intervals may be detected. Also, R-R intervals typically tend
to recover at a certain pace after a premature beat. Using these two parameters (prematurity and
pace of R-R recovery), HRT parameters may be calculated. There may be known deviations of HRT
parameters associated with patients with risk of Congestive Heart Failure {CHF). These deviations,
however, may be used to estimate an inverse measure. The number of premature beats per day (or
per hour) may also be used as a measure of heart health. A low number of premature beats may
indicate better heart health. In summary, the heart health score may be generated by combining at
feast heart rate vartability (HRV), the number of premature beats, and heart rate turbulence (HRT).
This combination (in the absence of arrhythmia) may provide an accurate estimate of how healthy
the heart of the user is.
[0086] In a step 508, a heart health score is generated, and in a step 510, a hearth health score is
generated based on an arthythmia. To initially generate the score, a few hours {e.g. 2-5 hours) of
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measured R-R intervals may be required. A more accurate score may be generated after a week of
continuous R-R interval measurements. Longer data sets may be required to detect significant
arrhythmias as they may usually be detected within the first 7-8 days of monttoring.
{6087] Although the above steps show a method 500 in accordance with many embodiments, a
person of ordinary skill in the art will recognize many variations based on the teaching described
herein. The steps may be completed in a different order. Steps may be added or deleted. Some of
the steps may comprise sub-steps. Many of the steps may be repeated as often as beneficial to the
user or subject.
{6088} One or more of the steps of a method 500 may be performed with circuitry, for example, one
or more of a processor or a logie circuitry such as a programmable array logic for a field
programmable gate array. The circuitry may be programmed to provide one or more of the steps of
a method 500, and the program may comprise program instructions stored on a non-transitory
computer readable medium or memory or programmed steps of the logic circuitry such as the
programmable array logic or the field programmable gate array, for example.
{6089 FIG. 6 shows a further method 600 of generating a heart score. In addition to the parameters
which may be derived from the heart rate data described above, the heart health score may also be
generated in response to further physiological parameters as shown in FIG. 6.
{6090] In a step 602, a raw ECG waveform is obtained. In a step 608, ECG parameters are extracted
from the raw ECG waveform data and arrhythmia prediction and/or detection algorithms are run to
analyze the obtained raw ECG wavetorm data.
{6091 In a step 604, physiological parameters may be measured using a sensor of the user’s local
computing device or an accessory thereof. Such measured physiological parameters may include
blood pressure, user activity and exercise level, blood oxygenation levels, blood sugar levels, an
electrocardiogram, skin hydration or the like of the user. These physiological parameters may be
measured over time such as over substantially the same time scale or length as the measurement of
heart rate. In a step 610, an R-R interval is extracted and both traditional and non-traditional heart
rate measures are used to analyze the measured heart rate and physiological parameters.
{6092} In a step 606, additional physiological parameters for determining the heart health score may
be input by the user. These parameters may include the age, the gender, the weight, the height, the
body type, the body mass index (BMI), the personal medical history, the family medical history, the
exercise and activity level, the diet, the hydration level, the amount of sleep, the cholesterol level,
the alcohol intake level, the caffeine intake level, the smoking status, and the like of the uger. For
example, the heart health score may be weighted by age and/or gender to provide the user an
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accurate assessment of his or her heart health in response to the heart rate data. In a step 612, feature
extraction is used to analyze the inputted physiological parameters.
[8093] In a step 614 feature ranking and/or feature selection occurs. In a step 618, a real time
prediction or detection of atrial fibrillation, and/or in a step 616, the heart rate variability
measurements may be labelled and saved for offline training of a machine learning algorithm or set
of machine learning operations, and then may be subsequently used to make a real time prediction
and/or detection of atrial fibrillation. A plurality of heart health scores may be generated by a
plurality of users to generaie a set of population data. This population data may be used to train the
machine learning algorithms described herein such that the trained algorithm may be able to detect
and predict atrial fibrillation or other health conditions from user data.
{6094] Although the above steps show a method 600 in accordance with many embodiments, a
person of ordinary skill in the art will recognize many variations based on the teaching described
herein. The steps may be completed in a different order. Steps may be added or deleted. Some of
the steps may comprise sub-steps. Many of the steps may be repeated as often as beneficial to the
user or subject.
{0095} One or more of the steps of a method 600 may be performed with circuitry, for example, one
or more of a processor or a logic circuitry such as a programmable array logic for a field
programmable gate array. The circuitry may be programmed to provide one or more of the steps of
a method 600, and the program may comprise program instructions stored on a non-transitory
computer readable medium or memory or programmed steps of the logic circuitry such as the
programmable array logic or the field programmable gate array, for example.
{6096] The systems and methods for generating a heart health score in response to continuously
measured or monitored physiological parameter(s) may comprise a processor of a computing device
and software. A processor of a compuiing device (e.g. a tablet computer, a smartphone, a smart
watch, a smart band, a wearable computing device, or the like) may execute this set of instructions to
receive the input data and detect and/or predict atrial fibriliation therefrom. The software may be
downloaded from an online application distribution platform such as the Apple iTunes or App Store,
Google Play, Amazon App Store, and the like. A display of the computing device may notify the
user of the calculated heart health score and/or if further measurements are required (e.g. to perform
a more accurate analysis).
{6097} FIG. 7 shows a schematic diagram of the executed application described herein, The heart
health score may be provided on a software application such as a mobile app downloaded from an
application distribution platform and executed on a local computing device of the user as described
5.
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above. This executed application may instruct the user to take active steps in response to a poor or
moderate heart health score. For example, the instructions to the user may be to make a corrective
measure such as to roodify his or her diet, exercise pattern, sleep pattern, or the like. Alternatively,
or in combination, the instructions to the user may be to take a further step such as to take an
electrocardiogram (e.g. to verity the presence of an arrhythmia), enroll in an electrocardiogram over-
read service, or schedule an appointment with a physician or other medical specialist. If the heart
health score is below a desired threshold for good heast health, the executed application may link the
user to a second execute application with further application features. Alternatively, orin
combination, these further features may be unlocked on the first executed application if the heart
health score is below the threshold. In at least some cases, a prescription or verification from a
medical professional may also be required to unlock the further application features.
[6098] FIG. 8§ shows screenshots of the executed application. The further features unlocked may
inciude the ability to read electrocardiogram (EC(G) data from a sensor coupled to the local
computing device and display the electrocardiogram (ECG) in real-time and/or detect and alert for
atrial fibrillation based on the electrocardiogram (ECG) in real-time (e.g. as described in U.S. Appln.
Nos. 12/796,188, 13/108,738, 13/420,540, and 13/964,490). As shown in FIG. 8, these further
features may include an electrocardiogram (ECG) over-read service such as that described in U.S.
Appln. No. 14/217,032. The first executed application may comprise a consumer software
application and the second executed application may comprise a medical professional or regulated
software application or set of features of the first executed application. As described herein and
shown in FIG. 8, the executed application may provide a dash board to track the heart health of the
user and show risk factors which may be monitored and tracked by the user. The dash board may be
provided with further features such as that described in U.S. Ser. No. 61/915,113 (filed 12/12/2013).
{8099} FIG. 9 shows a method 900 for cardiac disease and rhythm management, which may, for
example, be implemented with the system 100 described herein. In a step 902, a user or subject is
provided access to a cardiac disease and/or rhythm management system such as system 100, Step
902 may comprise prescribing the use of the system 100 for the user or subject. In a step 904, the
user or subject is provided one or more biometric sensors. These biometric sensor(s) may couple to
a computing device of the user or subject, e.g. a personal desktop computer, a laptop computer, a
tablet computer, a smartphone, etc., and associated software loaded thereon.
{601006] In a step 906, the user or subject downloads the cardiac disease and/or rhythm
management system software onto their computing device. For example, the system software may
comprise a mobile software application ("mobile app”} downloaded from the Apple App Store,
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Google Play, Amazon Appstore, BlackBerry World, Nokia Store, Windows Store, Windows Phone
Store, Samsung Apps Store, and the like. The downloaded system software, e.g. mobile app 101a,
may be configured to interface with the biometric sensors provided to the user or subject in the step
154
[001061] In a step 908, personal information input to the cardiac disease management system i3
received. For example, the user or subject may enter his or her gender, height, weight, diet, disease
risk factors, etc. into the mobile app 101a. Alternatively, or in combination, this personal
information may be input on behalf of the user or subject, for example, by a physician of the user or
subject.
[60102] In a step 910, biometric data is received from the biometric sensors provided to the
user or subject. For example, the system 100 and the mobile app 101a may receive ECG data and
heart rate from handheld sensor 103, activity data from wrist~-wom activity sensor 105, blood
pressure and heart rate data from mobile blood pressure monitor 107a, and other data such as weight
and body fat percentage data from a “smart” scale in communication with the local computing
device 101.
[00103] In a step 912, a cardiac health score is generated. The cardiac health score can be
generated by considering and weighing one or more influencing tactors including the incidence of
atrial fibrillation or arrhythmia as detected by the handheld ECG monitor, the heart rate of the user
or subject, the activity of the user or subject, hours of sleep and rest of the user or subject, blood
pressure of the user or subject, etc. Often, the incidence of atrial fibrillation or arrhythmia will be
weighed the most. The cardiac health score may be generated by a physician or a machine learning
algorithm provided by the remote server or cloud-based service 113, for example. A plurality of
users and subject may concurrently use the cardiac health and/or rhythm management system 100
and the machine learning algorithm may, for example, consider population data and trends to
generate an individual user or subject’s cardiac health score.
{60104] In a step 914, one or more recommendations or goals is generated for the user or
subject based on or in response to the generated cardiac health score. These recommendation(s}
and/or goal(s) may be generated automatically based on or in response to the biometric and personal
information of the user or subject. For example, the machine learning algorithm may generate these
recommendation(s)/goal(s). Alternatively, or in combination, a physician or other medical specialist
may generate the recommendation{s) and/or goal{(s}, for example, based on or in response to the
biometric and personal information of the user or subject. The physician or other medical
professional may access the patient data through the Internet as described above.
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[60165] In a step 916, the patient implements many if not all of the recommendation(s} and/or
goal{s) provided to him or her. And in a step 916, steps 908 to 916 may be repeated such that the
user or subject may iteratively improve their cardiac bealth score and their overall health.
{60106] Although the above steps show method 900 of managing cardiac disease and/or
rhythm in accordance with many embodiments, a person of ordinary skill in the art will recognize
many variations based on the teaching described herein. The steps may be completed in a different
order. Steps may be added or deleted. Some of the steps may comprise sub-steps. Many of the
steps may be repeated as often as beneficial to the user or subject.
{66167] One or more of the steps of the method 900 may be performed with circuitry, for
example, one or more of a processor or a logic circuitry such as a programmable array logic fora
field programmable gate array. The circuitry may be programmed to provide one or more of the
steps of the method 900, and the program may comprise program instructions stored on a non-
transitory computer readable medium or memory or programmed steps of the logic circuitry such as
the programmable array logic or the field programmable gate array, for example.
{001 08] In some embodiments, the heart rate information {or an extracted portion of HR
information) may be used to compare to a database of similar information that has been correlated
with cardiac events. For example, heart rate information may be compared to a database of HR
information extracted for ECG recordings of patients known to be experiencing cardiac problems.
Thus, patterns of heart rate information taken from a subject may be compared to patterns of cardiac
information in a database. If there is a match {or a match within a reasonable closeness of fit), the
patient may be instructed to record an ECG, e.g. using an ambulatory ECG monitor.  This may then
provide a more detailed view of the heart. This method may be particularly useful, as it may allow
recording and/or transmission and/or analysis of detailed electrical information about the heart at or
near the time {or shortly thereafter) when a clinically significant cardiac event is occurring. Thus,
the continuous monitoring may allow a subject to be alerted immediately upon an indication of the
potential problem (e.g. an increase in HRV suggestive of a cardiac dvsfunction). This may allow the
coupling of continucus HR monitoring with ECG recording and analysis for disease diagnosis and
disease management.
{60109] FIG. 10 illustrates one variation of a method for monitoring a subject to determine
when to record an electrocardiogram (ECG). In FIG. 10, a subject is wearing a continuous heart rate
monitor {configured as a watch 1010, including electrodes 1016), shown in step 1002, The heart rate
monitor transmits (wirelessly 1012) heart rate information that is received by the smartphone 1018,
as shown in step 1004, The smartphone includes a processor that may analyze the heart rate
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information 1004, and when an wurregularity is determined, may indicate 1006 to the subject that an
ECG should be recorded. In FIG. 10, an ambulatory ECG monitor 1014 is attached (as a case
having electrodes) to the phone 1018. The user may apply the ECG monitor as to their body {e.g.
chest, between arms, etc.} 1008 to record ECGs that can then be saved and/or transmitted for
analysis.
[00116] FIGS. 11 and 11A show screenshots of an atrial fibrillation dashboard 1100 of a user
interface for the cardiac disease and/or rhythm management system 100. FIG. 11 shows a top
portion 1100a of the atrial fibrillation dashboard 1100 while FIG. 10A shows a bottom portion
1100b of the atrial fibrillation dashboard 1100,
{80111} The top portion 1100a of the atrial fibrillation dashboard 1100 as shown in FIG. 10
may display the current cardiac health score of the user or subject, a recent best cardiac health score
of the user or subject, and a completion percentage of recommendation(s) and/or goal(s) for the user
or subject. The user or subject may tap any one of the cardiac health score displays or the
recommendation(s) and/or goal(s) displays to access more detailed information regarding the
calculated health score(s) or recommendation(s) and/or goal{s}, respectively. The top portion 1100a
may also show an ECG of the user or subject and a button which may be tapped to record the ECG
of the user or subject for the day. As discussed with reference to FIG. 1, the ECG may be recorded
with a handheld sensor 103 in communication with the local computing device 100. The top portion
1000a may also show the number of atrial fibrillation episodes and the average duration of these
atrial fibrillation episodes. This number and duration may be generated automatically by software or
logic of the mobile app 101a based on or in response to the ECG measurements taken by the user or
subject. Alternatively, or in combination, a physician may access the atrial fibrillation dashboard
1100 of an individual user or subject, evaluate his or her ECGs, and provide the number of atrial
fibrillation episodes and their duration to the mobile app 101a or other software loaded on the local
computing device 101 of the user or subject. The shortest and longest durations of the atrial
fibrillation episodes may also be shown by the top portion 1100a as well as the user or subject’s
daily adherence to a medication regime.
{60112] The bottom portion 1100b of the atrial fibrillation dashbeard 1100 as shown in FIG.
10A may display one or more influencers which influence how the cardiac health score is generated.
fevels, weight, nutrition, fitness and activity levels, and blood pressure. Data for these influencers
may be input automatically by one or more biometric sensors coupled to the local computing device
101 and/or the mobile app 101a. Alternatively, or in combination, the data for these influencers may
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be input manually by the user or subject by tapping on the respective influencer display. For
example, tapping on the blood pressure display area may cause a slider input 1100c¢ for blood
pressure to pop up. The user or subject may use the slider to enter and save his or her blood pressure
for the day. Similar pop-ups or user-selected inputs may be provided for the other influencers. For
example, the user or subject may enter his or her daily caffeine or alcohol intake, stress and sleep
levels, nutrition levels, or activity and fitness levels (e.g. low/bad, medium/so-so, or high/good based
on the user’s age, gender, height, weight, etc. as can be indicated by an instruction page of the
mobile app 101a). The influencer displays may also show the goal progression of the user or
subject.

[60113] FIGS. 12 and 12A show screenshots of a goals and recommendations page 1200 of
the cardiac disease and rhythm management system interface or mobile app 101a. A top portion
1200a of the goals and recommendations page 1100 may comprise a listing of 7-day goals for the
user or subject. The top portion 1200a may further comprise everyday goals for the user or subject
which often cannot be removed or changed. The user or subject can check off these goals or
recommendations as he or she meets them. The top portion 1200a may track goal compietion
percentage over a 7-day period. The user or subject can set the same goals for the next day and/or
set new goals,

{60114] A bottom portion 1200b of the goals and recommendations page 1200 may comprise
a listing of new goals which the user or subject may add. The new goals may be categorized into
goals or recommendations for atrial fibrillation management, siress management, and/or other
categories. For example, goals for atrial fibrillation management may include taking daily
medications, reducing caffeine intake, and reducing alcohol intake. And, goals for stress
management may include meditate for 5 minutes daily, take blood pressure reading daily, and
getiing at least 7 hours of sleep nighily. Using the goals and recommendations page 1200, the user
or subject can set their goals for the week. One or more of these goals may be automatically
recommended to the user or subject or be recommended by a physician having access to the
dashboard 1100. For example, goals may be recommended based on last week’s progress. The
completion of recommended goals can result in the user or subject earning more “points,” in effect
gamifying health and cardiac rhythm management for the user or subject. Alternatively, or in
combination, the goals may be set by a physician having access to the dashboard 1100

{60115] Fi(z. 13 shows a screenshot of a user’s local computing device notifying the user with

a pop-up notice 1300 to meet their daily recommendations and goals. By tapping on the pop-up
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notice, 1300, the user or subject can be taken to the atrial fibrillation dashboard where the user or
subject can update or otherwise manage their cardiac health.

[60116] FIG. 14 shows an embodiment comprising a smart watch 1400 which includes at least
one heart rate monitor 1402 and at least one activity monitor 1404, One or more processors are
coupled to one or more non-transitory memories of the smart waich and configured to communicate
with the heart rate monitor 1402 and the activity monitor 1404, The one or more processors are
further coupled to an output device 1408, Processor executable code is stored on the one or more
memories and when executed by the one or more processors causes the one or more processors (o
determine if heart rate and activity measurements represent an advisory condition for recording an
ECG, and generate and send notification signals through the output device 1408 when an advisory
condition for recording an ECG is determined.

{60117} For example, presently available smart watches include motion sensors such as
pedometers. Pedometers can be based on an accelerometer or electromechanical mechanism such as
a pendulum, magnetic reed proximity switch, and a spring suspended lever arm with metal-on-metal
contact. Modern accelerometers are often small micro electro-mechanical systems and are well
known by those skilied in the art. Heart rate monitors are readily available with smart phones as
well as smart watches. One type uses an optical sensor to detect the fluctuation of blood flow. The
signal can be amplified further using, for example, a microcontroller to count the rate of fluctuation,
which s actually the heart rate.

{00118] An advisory condition for recording an ECG may occur due to, for example, large
continuing fluctuations in heart rate. An advisory condition for recording an ECG can also occur
when a measured heart rate increases rapidly without a corresponding increase in activity monitored
by, for example, an accelerometer. By comparing measured heart rate changes with measured
activity changes, the presently disclosed software or "app” minimizes false alarms are minimized.
ECG devices are described in U8, Ser. No 12/796,188, filed June 8, 2010, now U.8. Patent No.

8,509,882, hereby expressly incorporated herein by reference in its entirety. The ECG device can be

present in a smart watch band or a smart phone. In one embodiment, the ECG device includes an
electrode assembly configured to sense heart-related signals upon contact with a user's skin, and to
convert the sensed heart-related signals to an ECG electric signal. The ECG device transmits an
ultrasonic frequency modulated ECG signal to a computing device such as, for example, a
smartphone. Software running on the computing device or smartphone digitizes and processes the
audio in real-time, where the frequency modulated ECG signal is demodulated. The ECG can be

further processed using algorithms to calculate heart rate and identify arrhythmias. The ECG, heart
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rate, and rhythm information can be displaved on the computer or smartphone, stored focally for
later retrieval, and/or transmitted in real-time to a web server via a 2G/3G/4G, Wi-Fi or other
Internet connection. In addition to the display and local processing of the ECG data, the computer or
smartphone can transmit, in real-time, the ECG, heart rate and rhythm data via a secure web
connection for viewing, storage and further analysis via a web browser interface.

{60119] In another embodiment, the converter assembly of an ECG device is integrated with,
and electrically connected to the electrode assembly and is configured to convert the electric ECG
signal generated by electrode assembly to a frequency modulated ECG ultrasonic signal having a
carrier frequency in the range of from about 18 kHz to about 24 kHz. 1t is sometimes desirable to
utilize a carrier frequency in the 20 kHz to 24 kHz range. The ultrasonic range creates both a lower
noise and a silent communication between the acquisition electronics and the computing device such
as the smartphone, notebook, smart watch and the like.

{60120] A kit can include downloadable software such as an "app” for detecting an advisory
condition for recording an ECG and an ECG device. The ECG device can be present on a watch
band for replacing a specific band on a smart watch. The EC(G device can also be provided on a
smart phone back plate for replacing an existing removable smartphone back. In another
configuration, the ECG device is usable as a smartphone protective case.

[60121] Software on the smartphone or smart watch can also combine data and signals from
other sensors built into the smartphone or smart watch such as a GPS,

{60122} While preferred embodiments of the present disclosure have been shown and
described herein, it will be ohvious to those skilled in the art that such embodiments are provided by
way of example only. Numerous variations, changes, and substitutions will now oceur to those
skilled in the art without departing from the subject matter described herein. It should be understood
that various alternatives to the embodiments of the subject matter described herein may be employed
in practicing the subject matter described herein. It is intended that the following claims define the
scope of the disclosure and that methods and structures within the scope of these claims and their

equivalents be covered thereby.
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CLAIMS
WHAT IS CLAIMED IS:
1. A smart watch to detect the presence of an arrhythmia of a user, comprising:
a processing device;
a photoplethysmography (“PPG”) sensor operatively coupled to the processing device;
an BECG sensor, comprising two or more BECG electrodes, the ECG sensor operatively
coupled to the processing device;
a display operatively coupled to the processing device; and
a memory, operatively coupled to the processing device, the memory having instructions
stored thereon that, when executed by the processing device, cause the processing device to:
receive PPG data from the PPG sensor;
detect, based on the PPG data, the presence of an arrhythmia;
receive HCG data from the ECG sensor; and

confirm the presence of the arrhythmia based on the ECG data.

2. The smart watch of claim 1, further comprising a motion sensor operatively coupled to the
processing device, wherein to detect the presence of the arrhythmia, the processing device is
configured to:

receive motion sensor data from the motion sensor; and

determine, from motion sensor data, that the user is at rest.

3. The smart watch of claim 2, wherein to detect the presence of the arrhythmia, the processing
device is configured to input the PPG data into a machine learning algorithm trained to detect

arthythmias.

4. The smart watch of claim 2, wherein to detect the presence of the arrhythmia, the processing
device is configured to:
determine heartrate variability (“HRV”) data from the PPG data; and

detect, based on the HRYV data, the presence of the arrhythmia.

5. The smart watch of claim 4, wherein to detect the presence of the arrhythmia, the processing
device is configured to input the HRV data into a machine learning algorithm trained to detect
arthythmias.
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6. The smart watch of claim 5, wherein to detect the presence of the arrhythmia, the processing
device is further configured to input the motion sensor data with the HRYV data into the machine

fearning algorithm trained to detect arrhythmias.

=1

The smart watch of claim 1, wherein the processing device is further configured to:
extract one or more features from the PPG data; and

detect, based on the one or more features, the presence of the arrhvthmia,

3. The smart watch of claim 7, wherein the one or more features correspond to an HRV signal

analyzed in a time domain.

9. The smart watch of claim 7, wherein the one or more features comprise a nonlinear transform

of R-R ratio or R-R ratio statistics with an adaptive weighting factor.

10. The smart watch of claim 7, wherein the one or more features are features of an HRV signal

analyzed geometrically.

I The smart watch of claim 7, wherein the one or more features are features of an HRV signal

analyzed in the frequency domain.

12. The smart watch of claim 1, wherein the processing device is further configured to generate

a notification of the detected arrhythmia.
13 The smart watch of claim 1, further comprising a biometric data sensor, wherein the
processing device is further configured to:
receive biometric data of the user from the biometric data sensor; and
detect, based on the biometric data, the presence of the arrhythmia.
14, The smart watch of claim 13, wherein the biometric data comprises at least one of: a

temperature, a blood pressure, or an inertial data of the user.
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Is. The smart watch of claim 1, the processing device further configured to display an ECG

rhythm strip from the ECG data.

16. The smart watch of claim 1, the processing device further to receive the ECG data from the

ECG sensor in response to receiving an indication of a user action.

17. A method to detect the presence of an arrhythmia of a user on a smart watch, comprising:
receiving PPG data from a PPG sensor of the smartwatch;
detecting by a processing device, based on the PPG data, the presence of an arrhythmia;
receiving ECG data from an ECG sensor of the smartwatch; and

confirming the presence of the arrhythmia based on the ECG data.

18. The method of claim 17, wherein detecting the presence of the arrhythmia comprises:
receiving motion sensor data from a motion sensor of the smartwatch; and

determine, from motion sensor data, that the user is ai rest.

19. The method of claim 18, wherein detecting the presence of the arrhythmia comprises

inputting the PPG data into a machine learning algorithm trained to detect arrhythmias.

20. The method of claim 18, wherein detecting the presence of the arrhythmia comprises:
determining heartrate variability (“HRV”) data from the PPG data; and

detecting, based on the HRV data, the presence of the arrhythmia.

21, The method of claim 20, wherein detecting the presence of the arrhythmia comprises

inputting the HRV data into a machine learning algorithm trained to detect arrhythmias.
22. The method of claim 21, wherein detecting the presence of the arrhythmia comprises
inputting the motion sensor data with the HRV data into the machine learning algorithm trained to

detect arrhythmias.

23. The method of claim 17, further comprising generating a notification of the detected

arthythmia.
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24, The method of claim 17, further comprising receiving the ECG data from the ECG sensor in

response to receiving an indication of a user action.

25. A non-transitory computer-readable storage medium including instructions that, when
executed by a processing device, cause the processing device tor
receive PPG data from a PPG sensor of the smartwatch;
detect by the processing device, based on the PPG data, the presence of an arthythmia;
receive ECG data from an ECG sensor of the smartwatch; and

confirm the presence of the arrhythmia based on the ECG data.

26. The non-transitory computer-readable storage medium of claim 25, wherein the processing
device 1s further configured to:
extract one or more features from the PPG data; and

detect, based on the one or more features, the presence of the arrhythmia.

27. The non-transitory computer-readable storage medium of claim 26, wherein the one or

more features correspond to an HRV signal analyzed in a time domain.

28, The non-transitory computer-readable storage rediom of claim 26, wherein the one or more
features comprise a nonlinear transform of R-R ratio or R-R ratio statistics with an adaptive
weighting factor,

29.  The non-transitory computer-readable storage medium of claim 26, wherein the one or more

features are features of an HRV signal analyzed geometrically or in the frequency domain.

30, The non-transitory computer-readable storage medium of claim 25, the processing device
further to receive the ECG data from the ECG sensor in response to receiving an indication of a user

action.
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ABSTRACT OF THE DISCLOSURE

A dashboard centered around arrhythmia or atrial fibrillation tracking is provided. The
dashboard includes a heart or cardiac health score that can be calculated in response to data from the
user such as their ECG and other personal information and cardiac health influencing factors. The
dashboard also provides to the user recommendations or goals, such as daily goals, for the user to
meet and thereby improve their heart or cardiac health score. These goals and recommendations
may be set by the user or a medical professional and routinely updated as his or her heart or cardiac
health score improves or otherwise changes. The dashboard s generally displayed from an

application provided on a smartphone or tablet computer of the user.
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by selecting the Add button.

Prior Application Status | [Expired - Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
14569513 [Claims benefit of provisional -] 61915113 2013-12-12
Additional Domestic Benefit/National Stage Data may be generated within this form Add

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.8.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX)I the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). 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)

Remove

Access Codei if applicable
pp

Add button.

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

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

Applications

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

[] 16, 2013.

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

16, 2013, will be examined under the first inventor to file provisions of the AlA.
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Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | METHODS AND SYSTEMS FOR ARRHYTHMIA TRACKING AND SCORING

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 (WIPQO), and any other foreign intellectual property office
participating with the USPTO in a hilateral 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})

().

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 authcrize 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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Application Number

Title of Invention | METHODS AND SYSTEMS FOR ARRHYTHMIA TRACKING AND SCORING

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 sulfficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be

identified in this section.

® Assignee Legal Representative under 35 U.S.C. 117 Jeint Inventor

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

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

N

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name It\liveCor, Inc.

Mailing Address Information For Applicant:

Address 1 44 Castro St., Suite 600

Address 2

City Mountain View State/Province US
Countrf | 1JS Postal Code 94041
Phone Number Fax Number

Email Address

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

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.
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. . Attorney Docket Number | A102992 1170US.C4
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | METHODS AND SYSTEMS FOR ARRHYTHMIA TRACKING AND SCORING

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

. | ki

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City I State/Province
Countryi I Postal Code
Phone Number | Fax Number

Email Address

Additional Assighee or Non-Applicant Assignee Data may be generated within this form by
: Add
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 PTC/AIA/81) on behalf of all joint inventor-applicants.

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

Signature |/Bill Jacobs/ Date (YYYY-MM-DD)| [2019-09-30
First Name Milliam D. Last Name | Pacobs, Jr. Registration Number 4758
Additional Signature may be generated within this form by selecting the Add button. Add
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Attorney Docket Number

A102892 1170US.C4

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | METHODS AND SYSTEMS FOR ARRHYTHMIA TRACKING AND SCORING

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 35U.8.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 1874 (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 autherity for the collecticn of this information
is 35 US.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.

Arecord from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or administrative
tribunal, including disclosures to opposing counsel in the course of 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 US.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 viclation or potential violation of law or regulation.
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DocCode — SCORE

SCORE Placeholder Sheet for IFW Content

Application Number: 16588201 Document Date: 09/30/2019

The presence of this form in the IFW record indicates that the following document type was received
in electronic format on the date identified above. This content is stored in the SCORE database.

Since this was an electronic submission, there is no physical artifact folder, no artifact folder is
recorded in PALM, and no paper documents or physical media exist. The TIFF images in the IFW
record were created from the original documents that are stored in SCORE.

Drawing

At the time of document entry (noted above):
e USPTO employees may access SCORE content via DAV or via the SCORE web page.

e External customers may access SCORE content via PAIR using the Supplemental Content
tab.

Form Revision Date: March 1, 2019
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