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UNITED STATES DISTRICT COURT
EASTERN DISTRICT OF PENNSYLVANIA

CARDIONET, INC.,

Plaintiff and Counterdefendant,

Civil Action No. 12-cv-2517 (JS)
and

BRAEMAR MANUFACTURING, LLC,
Plaintiff,
V.

MEDNET HEALTHCARE
TECHNOLOGIES, INC.,

Defendant and
Counterclaimant, and

MEDTEL 24, INC., RHYTHMWATCH LLC,
AMI CARDIAC MONITORING, INC,,
HEARTCARE CORPORATION OF
AMERICA, UNIVERSAL MEDICAL INC.,
and UNIVERSAL MEDICAL
LABORATORY, INC.,

Defendants.

N/ N/ N/ N N N N N N N N N N N N N N N N N N N N N N

THIRD AMENDED COMPLAINT AND JURY DEMAND

Plaintiffs CardioNet, Inc. and Braemar Manufacturing, LLC, (collectively, “Plaintiffs”),
for their Complaint against Mednet Healthcare Technologies, Inc., MedTel 24, Inc.,
RhythmWatch LLC, AMI Cardiac Monitoring, Inc., Heartcare Corporation of America,
Universal Medical Inc., and Universal Medical Laboratory, Inc. (collectively, “Defendants”),

allege as follows:
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THE PARTIES

1. Plaintiff CardioNet, Inc. (“CardioNet”) is a corporation organized and existing
under the laws of the State of Delaware, having its principal place of business at 227 Washington
Street, #300, Conshohocken, PA 19428. CardioNet is a leading provider of ambulatory
outpatient management solutions for monitoring clinical information regarding an individual’s
health.

2. Plaintiff Braemar Manufacturing, LLC (“Braemar”) is a corporation organized
and existing under the laws of the State of Delaware, having its principal place of business at
1285 Corporate Center Drive, Suite 150, Eagan, MN 55121. Braemar develops and
manufactures ambulatory cardiac monitors for leading healthcare companies.

3. On information and belief, defendant Mednet Healthcare Technologies, Inc. is a
corporation organized under the laws of the State of New Jersey, having a principal place of
business at 275 Phillips Blvd, Ewing, NJ 08618.

4. On information and belief, defendant MedTel 24, Inc. (“MedTel 24”) is a
corporation organized under the laws of the State of Florida, having a principal place of business
at Boca Corporate Center, 4800 T-Rex Avenue, Suite 100, Boca Raton, FL 33431.

5. On information and belief, defendant RhythmWatch LLC (*RhythmWatch”) is a
corporation organized under the laws of the State of Pennsylvania, having a principal place of
business at 3113 Babcock Blvd, Suite 3, Pittsburgh, PA 15237.

6. On information and belief, defendant Heartcare Corporation of America (“HCA”)
IS a corporation organized under the laws of the State of New Jersey, having a principal place of

business at 275 Phillips Blvd, Ewing, NJ 08618.
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7. On information and belief, defendant Universal Medical Inc. (“UMI”) is a
corporation organized under the laws of the State of New Jersey, having a principal place of
business at 275 Phillips Blvd, Ewing, NJ 08618.

8. On information and belief, defendant Universal Medical Laboratory, Inc.
(“UML™) is a corporation organized under the laws of the State of New Jersey, having a
principal place of business at 275 Phillips Blvd, Ewing, NJ 08618.

9. On information and belief, defendant AMI Cardiac Monitoring, Inc. (“AMI”) is a
corporation organized under the laws of the State of Maryland, having a principal place of

business at 17810 Meeting House Road, Suite 210, Sandy Spring, MD 20860.

JURISDICTION AND VENUE

10.  This is an action for patent infringement arising under the patent laws of the
United States, Title 35, United States Code.

11.  This Court has jurisdiction over this action pursuant to 28 U.S.C. 8§ 1331 and
1338(a).

12.  Venue is proper in this district pursuant to 28 U.S.C. 88 1391(b) and (c) and

1400(b).

FACTS

13. U.S. Patent 7,212,850, entitled “System And Method For Processing And
Presenting Arrhythmia Information To Facilitate Heart Arrhythmia Identification And
Treatment” (“’850 Patent™) was duly and legally issued on May 1, 2007. CardioNet was the

original owner by assignment of all right, title, and interest in and to the *850 Patent, including
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without limitation the right to sue and recover for past infringements thereof. A copy of the *850
Patent is attached as Exhibit A to this Complaint.

14, U.S. Patent 7,907,996, entitled “System And Method For Processing And
Presenting Arrhythmia Information To Facilitate Heart Arrhythmia Identification And
Treatment” (*’996 Patent”) was duly and legally issued on March 15, 2011. CardioNet was the
original owner by assignment of all right, title, and interest in and to the 996 Patent, including
without limitation the right to sue and recover for past infringements thereof. A copy of the 996
Patent is attached as Exhibit B to this Complaint.

15. U.S. Patent 6,569,095, entitled “Adaptive Selection Of A Warning Limit In
Patient Monitoring” (“’095 Patent”) was duly and legally issued on May 27, 2003. CardioNet
was the original owner by assignment of all right, title, and interest in and to the 095 Patent,
including without limitation the right to sue and recover for past infringements thereof. A copy
of the 095 Patent is attached as Exhibit C to this Complaint.

16. U.S. Patent 7,587,237, entitled “Biological Signal Management” (“’237 Patent”)
was duly and legally issued on September 8, 2009. CardioNet was the original owner by
assignment of all right, title, and interest in and to the *237 Patent, including without limitation
the right to sue and recover for past infringements thereof. A copy of the *237 Patent is attached
as Exhibit J to this Complaint.

17. U.S. Patent 7,941,207, entitled “Cardiac Monitoring” (“’207 Patent”) was duly
and legally issued on May 10, 2011. CardioNet was the original owner by assignment of all
right, title, and interest in and to the *207 Patent, including without limitation the right to sue and
recover for past infringements thereof. A copy of the *207 Patent is attached as Exhibit K to this

Complaint.
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18. On December 31, 2012, CardioNet assigned all right, title, and interest in the ‘850
patent, ‘996 patent, ‘095 patent, ‘237 patent and ‘207 patent (collectively, the “patents-in-suit™)
to Braemar (“Assignment Agreement”). Effective the same day, Braemar granted CardioNet an
exclusive license to make, use, offer to sell, sell, import, license and exploit the patents-in-suit
(“License Agreement”). True and correct copies of each of the Assignment Agreement and
License Agreement are attached hereto as Exhibits L and M respectively. Specifically, the
License Agreement grants CardioNet an exclusive license to the patents-in-suit in the fields of
“applications and services for the monitoring and monitoring-related services of medical
monitoring and diagnostic devices,” while “all other rights, title and interest” in the patents-in-
suit are retained by Braemar.

19. On information and belief, defendants Mednet Healthcare Technologies, Inc.,
HCA, UMI, and/or UML (collectively “Mednet”) actively solicit and do business throughout this
Judicial District, including using, offering for use, selling, and offering for sale the Heartrak
External Cardiac Ambulatory Telemetry (“Heartrak ECAT”) System, including both the
Heartrak ECAT device and monitoring service associated with the device.

20.  On information and belief, MedTel 24 actively solicits and does business
throughout this Judicial District, including using, offering for use, selling, and offering for sale
monitoring services associated with the Heartrak ECAT device.

21.  Oninformation and belief, RhythmWatch actively solicits and does business
throughout this Judicial District, including using, offering for use, selling, and offering for sale

monitoring services associated with the Heartrak ECAT device.
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22. On information and belief, AMI actively solicits and does business throughout
this Judicial District, including using, offering for use, selling, and offering for sale monitoring
services associated with the Heartrak ECAT device.

23. On information and belief, the Heartrak ECAT System includes both the device
that records and processes a patient’s electrocardiographic signal and the monitoring service for
assessing the cardiac data transmitted by the Heartrak ECAT device provided by Defendants. A
copy of Mednet’s Heartrak ECAT Specification is attached as Exhibit D to this Complaint.

24. On information and belief, the Heartrak ECAT device compares the time intervals
between heartbeats as part of the identification of arrhythmia events.

25. On information and belief, the Heartrak ECAT System identifies arrhythmia
events, including atrial fibrillation. A copy of a sample Heartrak ECAT System Daily Report is
attached as Exhibit G to this Complaint. A copy of a sample Heartrak ECAT System End of
Study Report is attached as Exhibit H to this Complaint.

26.  On information and belief, the Heartrak ECAT System identifies more than one
type of arrhythmia event, including atrial fibrillation and bradycardia.

27.  On information and belief, the Heartrak ECAT System evaluates heart rate trends,
and provides graphic reports presenting information regarding heart rate data and identified
arrhythmia events. A copy of Mednet’s Website advertising the Heartrak ECAT System is
attached as Exhibit E to this Complaint.

28.  On information and belief, the Heartrak ECAT System implements logic to
reduce or eliminate the identification of signal noise as arrhythmia events.

29.  Oninformation and belief, the Heartrak ECAT device sends heart rate data,

including identification of arrhythmias, to a monitoring station where personnel at Mednet,
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MedTel 24, RhythmWatch and/or AMI, assess the heart rate data. A copy of AMI’s Website
advertising the Heartrak ECAT System is attached as Exhibit F to this Complaint.

30. On information and belief, personnel at Mednet, MedTel 24, RhythmWatch
and/or AMI, assess atrial fibrillation events in regular time intervals.

31. On information and belief, based on the assessment of an atrial fibrillation event
by personnel at Mednet, MedTel 24, RhythmWatch and/or AMI, a graphic representation of
heart rate data is presented on the same time scale with the atrial fibrillation activity.

32. On information and belief, the data transmission from the Heartrak ECAT device
to the monitoring station is triggered when arrhythmia events are detected.

33. On information and belief, the triggering of data transmission from the Heartrak
ECAT device is based on predetermined parameters which can be reprogrammed. A copy of
Mednet’s Section 510(k) Statement regarding the Heartrak ECAT device is attached as Exhibit |

to this Complaint.

INFRINGEMENT OF *850 PATENT

34, Each of the Defendants has infringed and is continuing to infringe the *850 Patent
by making, using, selling, and/or offering for sale, in the United States and in this Judicial
District, products, software, and/or services that incorporate or make use of one or more of the
inventions covered by the 850 Patent, including but not limited to the Heartrak ECAT System,
thereby infringing one or more claims of the *850 Patent.

35.  Mednet’s Heartrak ECAT System satisfies each and every element of one or more
claims of the ’850 Patent, for example, and without limitation, claim 31 of the *850 Patent.

36.  Claim 31 of the 850 Patent recites:

A system for reporting information related to arrhythmia events comprising:
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a monitoring system configured to process and report physiological data,
including heart rate data, for a living being and configured to identify
arrhythmia events from the physiological data;

a monitoring station for receiving the physiological data from the monitoring
system;

a processing system configured to receive arrhythmia information from the
monitoring system and configured to receive human-assessed arrhythmia
information from the monitoring station wherein the human-assessed
arrhythmia information derives from at least a portion of the physiological
data and wherein the processing system is capable of pictographically
presenting, using a common time scale, information regarding the heart rate
data during a defined time period and regarding duration of arrhythmia event

activity, according to the identified arrhythmia events, during the defined time
period such that heart rate trend is presented with arrhythmia event burden.

37. Claim 31 of the *850 Patent has the preamble: “A system for reporting
information related to arrhythmia events comprising.” The Heartrak ECAT System is a system
for reporting information related to arrhythmia events. See Ex. D: Heartrak ECAT Specification;
Ex. E: Mednet Heartrak ECAT Website.

38. Claim 31 of the 850 Patent has the element: “a monitoring system configured to
process and report physiological data, including heart rate data, for a living being and configured
to identify arrhythmia events from the physiological data.” The Heartrak ECAT System is a
monitoring system configured to process and report at least a patient’s heart rate data, and to
identify arrhythmia events from the heart rate data. See Ex. D: Heartrak ECAT Specification;
Ex. E: Mednet Heartrak ECAT Website.

39.  Claim 31 of the "850 Patent has the element: “a monitoring station for receiving
the physiological data from the monitoring system.” The Heartrak ECAT System includes a
central monitoring center which receives physiological data from the Heartrak ECAT device.

See Ex. D: Heartrak ECAT Specification.
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40. Claim 31 of the *850 Patent has the element: “a processing system configured to
receive arrhythmia information from the monitoring system and configured to receive human-
assessed arrhythmia information from the monitoring station wherein the human-assessed
arrhythmia information derives from at least a portion of the physiological data and wherein the
processing system is capable of pictographically presenting, using a common time scale,
information regarding the heart rate data during a defined time period and regarding duration of
arrhythmia event activity, according to the identified arrhythmia events, during the defined time
period such that heart rate trend is presented with arrhythmia event burden.” The Heartrak
ECAT System is a processing system configured to receive arrhythmia information from the
Heartrak ECAT device and configured to receive arrhythmia information from the Heartrak
ECAT System central monitoring station assessed by Mednet, MedTel 24, RhythmWatch, and/or
AMI personnel, wherein the human-assessed arrhythmia information derives from at least a
portion of the physiological data. The Heartrak ECAT System is capable of pictographically
presenting, using a common time scale, information regarding the heart rate data during a
defined time period and regarding duration of arrhythmia event activity, according to the
identified arrhythmia events, during the defined time period such that heart rate trend is
presented with arrhythmia event burden. See Ex. D: Heartrak ECAT Specification; Ex. G:
Heartrak ECAT Daily Report; Ex. H: Heartrak ECAT End of Study Report.

41.  The acts of infringement by each of the Defendants set forth above have caused
and will cause Plaintiffs irreparable harm for which it has no adequate remedy at law, and will

continue unless enjoined by this Court.
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INFRINGEMENT OF 996 PATENT

42. Each of the Defendants has infringed and is continuing to infringe the *996 Patent
by making, using, selling, and/or offering for sale, in the United States and in this Judicial
District, products and/or software that incorporate or make use of one or more of the inventions
covered by the 7996 Patent, including but not limited to the Heartrak ECAT System, thereby
infringing one or more claims of the 996 Patent.

43. Mednet’s Heartrak ECAT System satisfies each and every element of one or more
claims of the ’996 Patent, for example, and without limitation, claim 1 of the *996 Patent.

44,  Claim 1 of the "996 Patent recites:

A machine-implemented method comprising:

identifying atrial fibrillation events in physiological data obtained for a living
being, wherein identifying atrial fibrillation events comprises examining the
physiological data in multiple time intervals, and identifying intervals in
which at least one atrial fibrillation event has occurred;

obtaining heart rate data for the living being;

receiving a human assessment of a subset of the identified atrial fibrillation
events; and

based on the human assessment of the subset of the identified atrial fibrillation
events, pictographically presenting, using a common time scale, information
regarding the heart rate data for the multiple time intervals during a defined
time period in alignment with indications of atrial fibrillation activity for the
identified intervals, according to the identified atrial fibrillation events, during
the defined time period such that heart rate trend is presented with atrial
fibrillation burden, wherein pictographically presenting information regarding
the heart rate data comprises displaying for each of the multiple time intervals
a range of heart rates and a heart rate average.

45.  Claim 1 of the ’996 Patent has the preamble: “A machine-implemented method
comprising.” The Heartrak ECAT System is a system that performs a machine-implemented

method.

10
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46. Claim 1 of the *996 Patent has the element: “identifying atrial fibrillation events
in physiological data obtained for a living being, wherein identifying atrial fibrillation events
comprises examining the physiological data in multiple time intervals, and identifying intervals
in which at least one atrial fibrillation event has occurred.” The Heartrak ECAT System
identifies atrial fibrillation events in physiological data obtained for a patient by examining the
patient’s physiological data in multiple time intervals, and identifying intervals in which an atrial
fibrillation event has occurred. See Ex. D: Heartrak ECAT Specification.

47. Claim 1 of the 996 Patent has the element: “obtaining heart rate data for the
living being.” The Heartrak ECAT System obtains at least a patient’s heart rate data. See Ex. D:
Heartrak ECAT Specification.

48. Claim 1 of the 996 Patent has the element: “receiving a human assessment of a
subset of the identified atrial fibrillation events.” The Heartrak ECAT System receives an
assessment of a subset of the identified atrial fibrillation events by Mednet, MedTel 24,
RhythmWatch, and/or AMI personnel. See Ex. D: Heartrak ECAT Specification.

49.  Claim 1 of the 996 Patent has the element: “based on the human assessment of
the subset of the identified atrial fibrillation events, pictographically presenting, using a common
time scale, information regarding the heart rate data for the multiple time intervals during a
defined time period in alignment with indications of atrial fibrillation activity for the identified
intervals, according to the identified atrial fibrillation events, during the defined time period such
that heart rate trend is presented with atrial fibrillation burden, wherein pictographically
presenting information regarding the heart rate data comprises displaying for each of the multiple
time intervals a range of heart rates and a heart rate average.” Based on the assessment of a

subset of the identified atrial fibrillation events by Mednet, MedTel 24, RhythmWatch, and/or

11



Case 2:12-cv-02517-JS Document 101 Filed 07/08/13 Page 13 of 144

AMI personnel, the Heartrak ECAT System pictographically presents, using a common time
scale, information regarding the heart rate data for the multiple time intervals during a defined
time period in alignment with indications of atrial fibrillation activity for the identified intervals,
according to the identified atrial fibrillation events, during the defined time period such that heart
rate trend is presented with atrial fibrillation burden, wherein pictographically presenting
information regarding the heart rate data comprises displaying for each of the multiple time
intervals a range of heart rates and a heart rate average. See Ex. D: Heartrak ECAT
Specification; Ex. G: Heartrak ECAT Daily Report; Ex. H: Heartrak ECAT End of Study Report.
50. The acts of infringement by each of the Defendants set forth above have caused
and will cause Plaintiffs irreparable harm for which it has no adequate remedy at law, and will

continue unless enjoined by this Court.

INFRINGEMENT OF *095 PATENT

51. Each of the Defendants has infringed and is continuing to infringe the 095 Patent
by making, using, selling, and/or offering for sale, in the United States and in this Judicial
District, products and/or software that incorporate or make use of one or more of the inventions
covered by the 095 Patent, including but not limited to the Heartrak ECAT System, thereby
infringing one or more claims of the *095 Patent.

52, Mednet’s Heartrak ECAT System satisfies each and every element of one or more
claims of the 095 Patent, for example, and without limitation, claim 1 of the 095 Patent.

53.  Claim 1 of the *095 Patent recites:

A method of monitoring a patient, comprising the steps:

establishing a current warning limit for a physiological characteristic of the
patient;

12
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providing a sensor for the physiological characteristic;

measuring a measured value of the physiological characteristic of the patient
using the sensor;

comparing the measured value and the current warning limit, and generating a
warning signal responsive to the step of comparing; and

selecting a revised warning limit responsive to at least one of the steps of
providing and measuring.

54.  Claim 1 of the "095 Patent has the preamble: “A method of monitoring a patient,
comprising the steps.” The Heartrak ECAT System performs a method of monitoring a patient.

55.  Claim 1 of the "095 Patent has the element: *“establishing a current warning limit
for a physiological characteristic of the patient.” The Heartrak ECAT System establishes a
current warning limit for a physiological characteristic, such as heart rate, of the patient. See EX.
D: Heartrak ECAT Specification; Ex. I: Mednet 510(K).

56.  Claim 1 of the "095 Patent has the element: “providing a sensor for the
physiological characteristic.” The Heartrak ECAT System includes the Heartrak ECAT device
with sensors for one or more physiological characteristics, such as heart rate, which is provided
to the patient.

57.  Claim 1 of the "095 Patent has the element: *“measuring a measured value of the
physiological characteristic of the patient using the sensor.” The Heartrak ECAT System
measures a measured value of the physiological characteristic of the patient, such as heart rate,
using the sensor on the Heartrak ECAT device. See Ex. D: Heartrak ECAT Specification; Ex. I:
Mednet 510(K).

58.  Claim 1 of the "095 Patent has the element: *“comparing the measured value and
the current warning limit, and generating a warning signal responsive to the step of comparing.”

The Heartrak ECAT System compares the measured value and the current warning limit, and

13
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generates a warning signal in response which is sent to the monitoring station. See Ex. D:
Heartrak ECAT Specification; Ex. I: Mednet 510(k).

59.  Claim 1 of the "095 Patent has the element: *“selecting a revised warning limit
responsive to at least one of the steps of providing and measuring.” The Heartrak ECAT System
selects a revised warning limit in response to the steps of providing a sensor and/or measuring
the physiological characteristic, such as heart rate. See Ex. D: Heartrak ECAT Specification; EX.
I: Mednet 510(k).

60.  The acts of infringement by each of the Defendants set forth above have caused
and will cause Plaintiffs irreparable harm for which it has no adequate remedy at law, and will

continue unless enjoined by this Court.

INFRINGEMENT OF *237 PATENT

61. Each of the Defendants has infringed and is continuing to infringe the 237 Patent
by making, using, selling, and/or offering for sale, in the United States and in this Judicial
District, products, software, and/or services that incorporate or make use of one or more of the
inventions covered by the *237 Patent, including but not limited to the Heartrak ECAT System,
thereby infringing one or more claims of the *237 Patent.

62.  Through discovery in this case, Plaintiffs have learned that Mednet had notice of
the ‘237 patent at least as early at October 28, 2009. On October 28, 2009, Michael D. Solop,
Mednet’s Director of National Sales, sent an email to Chris Keane, Frank Movizzo, Brian Pike
and Stan Biletsky entitled “came across this today” in which he copied a Business Wire article
covering CardioNet’s announcement of the issuance of the ‘237 patent. A true and correct copy

of this correspondence (MHT-0215780) is attached as Exhibit N.

14
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63. On information and belief, Messrs. Keane, Movizzo, Pike and Biletsky were
Mednet’s President, CEO, VP of Sales & Marketing and VP of Research & Development,
respectively, at the time of email. On further information and belief, each of these gentlemen
still currently occupies their same position.

64. Later on October 28, 2009, shortly after receiving the email in Exhibit N, Mr.
Pike sent a separate email to Joyce Dean, another Mednet employee, asking her if she had or
knew of “an easy way to pull patents?” He then specifically identified the ‘237 patent as the
patent he was interested in. A true and correct copy of this correspondence (MHT-0078609) is
attached as Exhibit O.

65. Mednet’s Heartrak ECAT System satisfies each and every element of one or more
claims of the 237 Patent, for example, and without limitation, claim 1 of the 237 Patent.

66. Claim 1 of the *237 Patent recites:

A method of monitoring a cardiac biological signal using electrocardiographic
monitoring instrumentation, comprising:

receiving, at the electrocardiographic monitoring instrumentation, the cardiac
biological signal that includes information describing events, wherein events
comprise periods in time when an information content of the cardiac
biological signal is of increased relevance to a particular purpose and the
events are demarcated by periods of time that are not of increased relevance to
the particular purpose;

at the electrocardiographic monitoring instrumentation, classifying the events into
two or more categories based on cardiac conditions indicated by the
information describing each event;

at the electrocardiographic monitoring instrumentation, determining a measure of
merit of the information describing each event, wherein the measure of merit
embodies a severity of the cardiac condition associated with the event and an
amount of noise in the information describing the event;

comparing, at the electrocardiographic monitoring instrumentation, the measure
of merit of information describing each event with a first merit criterion;

15
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transmitting, for medical purposes, information describing a first proper subset of
the events in a first of the categories that have merits meeting the first merit
criterion from the electrocardiographic monitoring instrumentation to a remote
medical receiver, wherein the remote medical receiver is not located at the
same site at the electrocardiographic monitoring instrumentation;

at the electrocardiographic monitoring instrumentation, discarding information
describing a second proper subset of the events in the first of the categories
that have measures of merit that fail to meet the first merit criterion;

comparing, at the electrocardiographic monitoring instrumentation, the measure
of merit of information describing each event with a second merit criterion;

transmitting, for medical purposes, information describing a third proper subset of
the events in a second of the categories that have measures of merit meeting
the second merit criterion from the electrocardiographic monitoring
instrumentation to the remote medical receiver, wherein the second category
differs from the first category and the second merit criterion differs from the
first merit criterion; and

at the electrocardiographic monitoring instrumentation, discarding information
describing a fourth proper subset of the events in the second of the categories
that have measures of merit that fail to meet the second merit criterion.

67.  Claim 1 of the *237 Patent has the preamble: *“A method of monitoring a cardiac
biological signal using electrocardiographic monitoring instrumentation, comprising.” The
Heartrak ECAT System performs a method of monitoring a patient’s cardiac signal using
electrocardiographic monitoring instrumentation. See Ex. D: Heartrak ECAT Specification; Ex.
E: Mednet Heartrak ECAT Website.

68.  Claim 1 of the *237 Patent has the element: “receiving, at the
electrocardiographic monitoring instrumentation, the cardiac biological signal that includes
information describing events, wherein events comprise periods in time when an information
content of the cardiac biological signal is of increased relevance to a particular purpose and the
events are demarcated by periods of time that are not of increased relevance to the particular
purpose.” The Heartrak ECAT device, which is electrocardiographic monitoring

instrumentation, receives the patient’s cardiac signal that includes information describing events,

16
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for example atrial fibrillation events. These events comprise periods in time when the
information content of the cardiac signal is of increased relevance for, for example, monitoring
the cardiac health of the patient, and are demarcated by periods of time that do not have
increased relevance. See Ex. D: Heartrak ECAT Specification; Ex G: Heartrak ECAT Daily
Report.

69. Claim 1 of the *237 Patent has the element: *at the electrocardiographic
monitoring instrumentation, classifying the events into two or more categories based on cardiac
conditions indicated by the information describing each event.” The Heartrak ECAT device
classifies the events into two or more categories, for example sinus bradycardia and atrial
fibrillation. See Ex. D: Heartrak ECAT Specification; Ex G: Heartrak ECAT Daily Report; Ex.
H: Heartrak ECAT End of Study Report.

70. Claim 1 of the *237 Patent has the element: *at the electrocardiographic
monitoring instrumentation, determining a measure of merit of the information describing each
event, wherein the measure of merit embodies a severity of the cardiac condition associated with
the event and an amount of noise in the information describing the event.” The Heartrak ECAT
device determines a measure of merit of the information describing each event, wherein the
measure of merit embodies a severity of the cardiac condition associated with the event and an
amount of noise in the information describing the event. See Ex. D: Heartrak ECAT
Specification; Ex F: AMI Website.

71.  Claim 1 of the *237 Patent has the element: “comparing, at the
electrocardiographic monitoring instrumentation, the measure of merit of information describing

each event with a first merit criterion.” The Heartrak ECAT device compares the measure of
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merit of information describing each event with a first merit criterion. See Ex. D: Heartrak
ECAT Specification; Ex F: AMI Website.

72. Claim 1 of the *237 Patent has the element: *“transmitting, for medical purposes,
information describing a first proper subset of the events in a first of the categories that have
merits meeting the first merit criterion from the electrocardiographic monitoring instrumentation
to a remote medical receiver, wherein the remote medical receiver is not located at the same site
at the electrocardiographic monitoring instrumentation.” The Heartrak ECAT device transmits
to a remote medical receiver, for medical purposes, information describing a proper subset of the
events in a first category of events that have met or exceeded the first merit criterion. The
remote medical receiver, for example Mednet’s monitoring facility, is in a different location than
the Heartrak ECAT device. See Ex. D: Heartrak ECAT Specification; Ex. E: Mednet Heartrak
ECAT Website.

73. Claim 1 of the *237 Patent has the element: *at the electrocardiographic
monitoring instrumentation, discarding information describing a second proper subset of the
events in the first of the categories that have measures of merit that fail to meet the first merit
criterion.” The Heartrak ECAT device discards a second subset of the events in the first
category of events which failed to meet the first merit criterion. See Ex F: AMI Website.

74.  Claim 1 of the *237 Patent has the element: “comparing, at the
electrocardiographic monitoring instrumentation, the measure of merit of information describing
each event with a second merit criterion.” The Heartrak ECAT device compares the measure of
merit of information describing each event with a second merit criterion. See Ex. D: Heartrak

ECAT Specification; Ex F: AMI Website.
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75. Claim 1 of the *237 Patent has the element: *“transmitting, for medical purposes,
information describing a third proper subset of the events in a second of the categories that have
measures of merit meeting the second merit criterion from the electrocardiographic monitoring
instrumentation to the remote medical receiver, wherein the second category differs from the first
category and the second merit criterion differs from the first merit criterion.” The Heartrak
ECAT device transmits to a remote medical receiver, for medical purposes, information
describing a proper subset of the events in a second category of events that have met or exceeded
the second merit criterion. The first and second categories of events differ, as well as the first
and second merit criteria. See Ex. D: Heartrak ECAT Specification; Ex. E: Mednet Heartrak
ECAT Website.

76. Claim 1 of the *237 Patent has the element: *at the electrocardiographic
monitoring instrumentation, discarding information describing a fourth proper subset of the
events in the second of the categories that have measures of merit that fail to meet the second
merit criterion.” The Heartrak ECAT device discards a fourth subset of the events in the second
category of events which failed to meet the second merit criterion. See Ex F: AMI Website.

77. Upon information and belief, Mednet’s acts of infringement are willful,
intentional and without lawful justification, entitling Plaintiffs to damages and treble damages
pursuant to 35 U.S.C. § 284 and reasonable attorney fees and costs incurred in prosecuting this
action pursuant to 35 U.S.C. § 285.

78.  The acts of infringement by each of the Defendants set forth above have caused
and will cause Plaintiffs irreparable harm for which it has no adequate remedy at law, and will

continue unless enjoined by this Court.
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INFRINGEMENT OF *207 PATENT

79. Each of the Defendants has infringed and is continuing to infringe the 207 Patent
by making, using, selling, and/or offering for sale, in the United States and in this Judicial
District, products, software, and/or services that incorporate or make use of one or more of the
inventions covered by the 207 Patent, including but not limited to the Heartrak ECAT System,
thereby infringing one or more claims of the *207 Patent.

80. Mednet’s Heartrak ECAT System satisfies each and every element of one or more
claims of the *207 Patent, for example, and without limitation, claim 1 of the 207 Patent.

81. Claim 1 of the 207 Patent recites:

A device comprising:

a beat detector to identify a beat-to-beat timing of cardiac activity;

a ventricular beat detector to identify ventricular beats in the cardiac activity;

variability determination logic to determine a variability in the beat-to-beat timing
of a collection of beats;

relevance determination logic to identify a relevance of the variability in the beat-
to-beat timing to at least one of atrial fibrillation and atrial flutter; and

an event generator to generate an event when the variability in the beat-to-beat
timing is identified as relevant to the at least one of atrial fibrillation and atrial
flutter in light of the variability in the beat-to-beat timing caused by
ventricular beats identified by the ventricular beat detector.
82.  Claim 1 of the "207 Patent has the element: “A device comprising: a beat
detector to identify a beat-to-beat timing of cardiac activity.” The Heartrak ECAT device
receives information from ECG sensors describing a timing of heart beats of an individual

includes a beat detector to identify a beat-to-beat timing of cardiac activity. See Ex. D: Heartrak

ECAT Specification; Ex. E: Mednet Heartrak ECAT Website.

20



Case 2:12-cv-02517-JS Document 101 Filed 07/08/13 Page 22 of 144

83.  Claim 1 of the *207 Patent has the element: “a ventricular beat detector to
identify ventricular beats in the cardiac activity.” The Heartrak ECAT device includes a
ventricular beat detector to identify ventricular beats in the cardiac activity. See Ex. I: Mednet
510(K).

84. Claim 1 of the *207 Patent has the element: “variability determination logic to
determine a variability in the beat-to-beat timing of a collection of beats.” The Heartrak ECAT
device includes variability determination logic to determine a variability in the beat-to-beat
timing of a collection of beats. See Ex. I: Mednet 510(k).

85. Claim 1 of the *207 Patent has the element: “relevance determination logic to
identify a relevance of the variability in the beat-to-beat timing to at least one of atrial fibrillation
and atrial flutter.” The Heartrak ECAT device includes relevance determination logic to identify
a relevance of the variability in the beat-to-beat timing to atrial fibrillation. See Ex. I: Mednet
510(K).

86.  Claim 1 of the "207 Patent has the element: “an event generator to generate an
event when the variability in the beat-to-beat timing is identified as relevant to the at least one of
atrial fibrillation and atrial flutter in light of the variability in the beat-to-beat timing caused by
ventricular beats identified by the ventricular beat detector.” The Heartrak ECAT device
includes an event generator to generate an event when the variability in the beat-to-beat timing is
identifies as relevant to atrial fibrillation in light of the variability in the beat-to-beat timing
caused by ventricular beats identified by the ventricular beat detector. See Ex. D: Heartrak

ECAT Specification; Ex. E: Mednet Heartrak ECAT Website; Ex. I: Mednet 510(k).
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87.

The acts of infringement by each of the Defendants set forth above have caused

and will cause Plaintiffs irreparable harm for which it has no adequate remedy at law, and will

continue unless enjoined by this Court.

WHEREFORE, Plaintiffs pray for judgment against Defendants as follows:

A.

For a declaration that the *850 Patent was duly and legally issued, and is valid and
enforceable;

For a declaration that the 996 Patent was duly and legally issued, and is valid and
enforceable;

For a declaration that the 095 Patent was duly and legally issued, is valid and
enforceable;

For a declaration that the *237 Patent was duly and legally issued, is valid and
enforceable;

For a declaration that the *207 Patent was duly and legally issued, is valid and
enforceable;

Each Defendant has infringed the *850 Patent;

Each Defendant has infringed the *996 Patent;

Each Defendant has infringed the *095 Patent;

Each Defendant has infringed the *237 Patent;

Defendant Mednet has willfully infringed the ‘237 Patent;

Each Defendant has infringed the *207 Patent;
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L. That Plaintiffs be awarded damages caused by each Defendant’s infringement,
including all lost profits resulting from each Defendant’s acts of infringement, and
reasonable royalties, together with pre-judgment and post-judgment interest;

M. That Plaintiffs be awarded treble damages for infringement of the ‘237 patent as a
consequence of Mednet’s willful infringement;

N. Enjoining each Defendant, its officers, agents, servants, employees, attorneys, all
parent and subsidiary corporations and affiliates, its assigns and successors in
interest, and those persons in active concert or participation with each Defendant
who receives notice of the injunction, from continuing acts of infringement of the
’850, 7996, 095, *237 and/or *207 Patents;

0. Adjudging this an exceptional case and awarding to Plaintiffs their reasonable

attorneys’ fees pursuant to 35 U.S.C. 8§ 285;

P. Awarding to Plaintiffs their costs and disbursements incurred in this action; and
Q. Awarding to Plaintiffs such other and further relief as this Court may deem just
and proper.

Respectfully submitted,

DILWORTH PAXSON LLP
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Dated: July 2, 2013 By:

James J. Rodgers

1500 Market St.

Suite 3200E
Philadelphia, PA 19102
+1 215 575 7000

ROPES & GRAY LLP
Bradford J. Badke

Ching-Lee Fukuda

Khue V. Hoang

Crystal L. Parker

Alexandra O. Fellowes

1211 Avenue of the Americas
New York, NY 10036-8704
+1 212 596 9000

Attorneys for Plaintiffs
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SYSTEM AND METHOD FOR PROCESSING
AND PRESENTING ARRHYTHMIA
INFORMATION TO FACILITATE HEART
ARRHYTHMIA IDENTIFICATION AND
TREATMENT

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of priority from U.S.
Provisional Application entitled “Presenting Arrhythmia
Information to Facilitate Heart Arrhythmia Identification
and Treatment,” filed Nov. 26, 2003, Application Ser. No.
60/525,386.

BACKGROUND

The present application describes systems and technmques
relating to processing and presenting arrhythmia event infor-
mation from physiological data, for example, selectively
presenting atrial fibrillation events to a medical practitioner.

Over the years, various devices have been used for
monitoring hearts in living beings. Additionally, systems
have been used to collect and report on heart information
obtained from patients.

SUMMARY

In general, in one aspect, a heart monitoring system
collects heart data from a monitored individual and stores
the data at a monitoring center. Collected data can be
processed, and graphical representations of the collected
information can be presented to medical practitioners to
assist in treating heart arrhythmias, such as atrial fibrillation.
A system and method can involve operations including
identifying arrhythmia events in physiological data obtained
for a living being, receiving human assessments of at least
a portion of the arrhythmia events, determining a measure of
correlation between the human assessments and the identi-
fied events, and selectively presenting information regarding
the identified events based on the measure of correlation.
The operations also can include identifying atrial fibrillation
events in physiological data obtained for a living being,
obtaining heart rate data for the living being, and presenting
information regarding the heart rate data and duration of the
atrial fibrillation events together with a common time scale
to pictographically represent heart rate trend with atrial
fibrillation burden during a defined time period.

One or more of the following advantages can be realized.
The heart monitor can loop every twenty-four hours and can
automatically transmit heart data at least every twenty-four
hours. The system can automatically generate a daily graphi-
cal summary of atrial fibrillation (AF) burden for review by
a medical practitioner, which can be presented effectively
anywhere using one or more communication networks. The
AF burden graph can be used for asymptomatic AF detec-
tion, drug therapy (rate, rhythm, anti-coagulants), pre/post
ablation monitoring, and CHF (congestive heart failure)
decompensation. The system can provide an overall sensi-
tivity of 96%, a positive predictivity of over 99%, and
artifact rejection of over 90%. In one implementation, the
graph only displays events where AF detection is validated
by a technician finding AF in over 50% of the automatically
identified events.

The details of one or more embodiments are set forth in
the accompanying drawings and the description below.
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Other features and advantages will become apparent from
the description, the drawings, and the claims.

DRAWING DESCRIPTIONS

FIG. 1 illustrates, according to an exemplary embodi-
ment, a system for reporting information related to arrhyth-
mia events.

FIG. 2 shows, according to one embodiment, a graph
presenting an example of atrial fibrillation burden and heart
rate trend.

FIG. 3 is a diagram illustrating, according to an exem-
plary embodiment, a procedure for monitoring, processing,
and reporting information related to arrhythmia events.

FIG. 4 shows, according to an exemplary embodiment,
one graph presenting an example of atrial fibrillation burden
and one graph presenting an example of heart rate trend.

FIGS. 5 and 6 are diagrams illustrating, according to
another exemplary embodiment, a procedure for monitoring,
processing, and reporting information related to arrhythmia
events.

DETAILED DESCRIPTION

FIG. 1 illustrates, according to one embodiment, a system
for reporting information related to arrhythmia events, such
as atrial fibrillation events. In this embodiment, monitoring
system 109 can communicate (via devices 101 and 102)
ECG (electrocardiogram), cardiac event, and other data to
monitoring center 104. The system 109 can include, for
example, an implantable medical device (IMD), such as an
implantable cardiac defibrillator and an associated trans-
ceiver or pacemaker and an associated transceiver, or a
monitoring device 101 that a patient 110 wears. Further,
monitoring system 109 can include a monitor processing
device 102 that can send standard physiological data (re-
ceived from monitoring device 101) to monitoring center
104 and that can detect arrhythmia events (such as atrial
fibrillation events). In one implementation, the devices 101
and 102 are integrated into a single device. Moreover, the
system 109 can be implemented using, for example, the
CardioNet Mobile Cardiac Outpatient Telemetry (MCOT)
device, which is commercially available and provided by
CardioNet, Inc of San Diego, Calif.

Monitor processing device 102 can transmit physiological
data (including data related to arrhythmia events) through a
communication network 103, which can be a local area
network (LAN), a landline telephone network, a wireless
network, a satellite communication network, or other suit-
able network to facilitate two-way communication with
monitoring center 104. Advantageously, monitoring center
104 can be located in the same location (e.g., in the same
room or building) as monitoring system 109 or at some
remote location.

The monitoring center 104 can include a monitoring (or
display) station 105 and a processing system 106. In one
implementation, a cardiovascular technician (CVT) can use
the monitoring station 105 to evaluate physiological data
received from monitoring system 109, identifying and
reporting, among other things, arrhythmia events (such as
atrial fibrillation events). The CVT reports these assessments
of the physiological data to the processing system 106,
which also receives information related to the arrhythmia
events identified by monitoring system 109. As will be
explained further below, processing system 106 analyzes
this arrhythmia event data (both the human-assessed data
from the CVT and the data reported by monitoring system
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109) and determines whether to generate a graph (or other
similar presentation) related to these events. In certain
circumstances, the processing system will send a report
related to both arrhythmia and heart rate data to, for
example, a physician or other health care provider 108 via
transmission path 107—which may be part of the network
103.

FIG. 3 illustrates, according to one embodiment, a pro-
cedure for monitoring, processing, and reporting arrhythmia
event data (such as data associated with atrial fibrillation
events). In this embodiment, the monitoring system 109
(illustrated in FIG. 1) monitors and reports physiological
data (including data related to heart rate) at 301. At 302,
various parts of this physiological data can be analyzed (for
example, RR variability and QRS morphology) and arrhyth-
mia events can be identified based on predefined criteria—
the information relating to these events (among other pos-
sible information) constituting a first group of data. In one
implementation, the monitoring system 109 identifies cer-
tain of the arrhythmia events that are urgent or representative
and reports those events to both a CVT at 303 and to the
processing system at 304. Alternatively, the system could
simply report the events identified at 302 to the processing
system. Further, at 303, a CVT, using station 105, evaluates
various parts of the physiological data received from 302
and/or 301 and also identifies arrhythmia events—the infor-
mation relating to these human-assessed events (among
other possible information) constituting a second group of
data. Here, if needed, the CVT can request additional data
from monitoring system 109.

At 304, the processing system 106 analyzes both the first
and second group of data, determining a measure of corre-
lation between these groups. This process can involve, for
example, determining whether a correlation measure
exceeds and/or equals a predetermined correlation param-
eter or whether a correlation measure is less than and/or
equals that parameter. If, based on the correlation analysis,
the information related to the arrhythmia events is deter-
mined to be valid, then the system generates a report relating
to both heart rate trend and the arrhythmia events at 305,
such as the graph shown in FIG. 2 or the graphs shown in
FIG. 4. If, on the other hand, there is insufficient correlation,
then the system does not generate a report and monitoring
continues.

To illustrate, in one implementation, every ten minutes,
the monitoring system 109 transmits a “flag” if it has
detected an atrial fibrillation (AF) event in the last ten
minutes. In this implementation, the processing system 106
only generates a graph (or graphs) related to heart rate trend
and atrial fibrillation burden—such as the graph shown in
FIG. 2 or the graphs shown in FIG. 4—if more than 50% of
the ten minute flags (generated at 302) match events iden-
tified by a CVT (at 303)—a correlation (with respect to the
time period at issue) indicating a high positive predictivity
for the identification of AF events. If this 50% threshold is
not met, then the system does not generate a graph (or
graphs) based on the data at issue and simply continues to
process data.

The term “atrial fibrillation burden” (or more generally,
“arrhythmia event burden”) refers generally to the overall
amount of time that a patient is in atrial fibrillation (or
arrhythmia) over a specified time period, taking into account
the number and duration of episodes. Advantageously,
employing pictographic presentations, such as those of
FIGS. 2 and 4, a medical practitioner can see whether a
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patient is more likely to experience an arrhythmia, such as
AF, at certain times of the day, and this can affect therapeutic
approaches in some cases.

FIG. 2 represents one example of how to pictographically
present both heart rate trend and atrial fibrillation burden on
a common time scale (to “pictographically present” such
data, however, a graph is not required.). The graph 205
contains information relating to, for example, daily AF
incidence and time of occurrence 201, AF duration 202, and
heart rate (203 and 204). A scale 204 (in this example)
indicates heart rate in average beats-per-minute and the dots
and lines shown at 203 (for example) indicate values on that
scale, standard deviations associated with these values, and
heart rates during AF. Further, graph 205 shows heart rate
data at 15 minutes and 45 minutes past the hour. Finally, in
this graph, the presence of one or more AF events in a given
10-minute period is graphed as a 10-minute interval.

Like FIG. 2, FIG. 4 represents an example of how to
pictographically present heart rate trend and atrial fibrilla-
tion burden on a common time scale. Although FIG. 4,
unlike FIG. 2, uses two graphs, FIG. 4 presents the same
information as FIG. 2. Specifically, graphs 404 and 405
contain information relating to, for example, daily AF inci-
dence and time of occurrence 401, AF duration 402, and
heart rate (403 and 406). A scale 406 (in this example)
indicates heart rate in average beats-per-minute and the dots
and lines shown at 403 (for example) indicate values on that
scale, standard deviations associated with these values, and
heart rates during AF.

FIGS. 5 and 6 are diagrams illustrating another imple-
mentation of the invention. Specifically, at 501, the system
111, employing monitoring system 109, obtains physiologi-
cal data, including heart rate data. In turn, at 502, the system
identifies the presence of arrhythmia events (such as AF
events) in this physiological data, examining this data in
time intervals. At 503, the system assigns flags indicating the
presence of arrhythmia events and reports those flags—
which represent a first group of data—to the processing
system. Similarly, at 504, the system identifies and reports
physiological data, such as ECG data, for a subset of the
events identified at 502 and reported at 503. Notably, the
system, in this implementation, need not report physiologi-
cal data for each flag assigned at 503, but need only report
data associated with the most significant events identified at
502, thereby minimizing the data sent to a CV'T.

At 601, the CVT analyzes this data and reports whether
arrhythmia events have occurred, thereby generating a sec-
ond group of data. The processing system then determines
(at 602), based on comparing time stamps associated with
each group of data, at least one measure of correlation
between the first group of data and the second group of data.
To illustrate, if enough of the human-assessed events
reported at 601 match the events reported at 503, then the
system determines that the data is valid, that is, that there is
a high positive predictivity for the identification of arrhyth-
mia events. If such a determination is made, the data
associated with each flag reported at 503 is pictographically
presented in a form such as FIG. 2 or FIG. 4. Significantly,
in this implementation, while this pictographic representa-
tion can contain all such data, the CVT need only review a
subset of this data. In short, the system achieves increased
accuracy in the presentation of information relating to
arrhythmia events while minimizing the data that the CVT
reviews.

The disclosed system and all of the functional operations
described and illustrated in this specification can be imple-
mented in digital electronic circuitry, or in computer hard-
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ware, firmware, software, or in combinations of the forgo-
ing. Apparatus can be implemented in a software product
(e.g., a computer program product) tangibly embodied in a
machine-readable storage device for execution by a pro-
grammable processor, and processing operations can be
performed by a programmable processor executing a pro-
gram of instructions to perform functions by operating on
input data and generating output. Further, the system can be
implemented advantageously in one or more software pro-
grams that are executable on a programmable system. This
programmable system can include the following: 1) at least
one programmable processor coupled to receive data and
instructions from, and to transmit data and instructions to, a
data storage system; 2) at least one input device; and 3) at
least one output device. Moreover, each software program
can be implemented in a high-level procedural or object-
oriented programming language, or in assembly or machine
language if desired; and in any case, the language can be a
compiled or an interpreted language.

Also, suitable processors include, by way of example,
both general and special purpose microprocessors. Gener-
ally, a processor will receive instructions and data from a
read-only memory, a random access memory, and/or a
machine-readable signal (e.g., a digital signal received
through a network connection). Generally, a computer will
include one or more mass storage devices for storing data
files. Such devices can include magnetic disks, such as
internal hard disks and removable disks, magneto-optical
disks, and optical disks. Storage devices suitable for tangibly
embodying software program instructions and data include
all forms of non-volatile memory, including, by way of
example, the following: 1) semiconductor memory devices,
such as EPROM (electrically programmable read-only
memory); EEPROM (electrically erasable programmable
read-only memory) and flash memory devices; 2) magnetic
disks such as internal hard disks and removable disks; 3)
magneto-optical disks; and 4) CD-ROM disks. Any of the
foregoing can be supplemented by, or incorporated in,
ASICs (application-specific integrated circuits).

To provide for interaction with a user (such as the CVT),
the system can be implemented on a computer system
having a display device such as a monitor or LCD (liquid
crystal display) screen for displaying information to the user
and a keyboard and a pointing device such as a mouse or a
trackball by which the user can provide input to the com-
puter system. The computer system can be programmed to
provide a graphical user interface through which computer
programs interact with users.

Finally, while the foregoing system has been described in
terms of particular implementations, other embodiments are
within the scope of the following claims. For example, the
disclosed operations can be performed in a different order
and still achieve desirable results. Moreover, the system
need not employ 10-minute intervals; many different time
intervals are possible (as is no interval at all), including 1
minute, 30 second, and 30-minute intervals. Indeed, because
time intervals are not required, the graphs of FIGS. 2 and 4
could be modified to show continuous heart rate trend
(accompanied by corresponding AF data) rather than just
specific instances of this trend. Further, while FIGS. 2 and
4 show examples of (among other things) pictographically
presenting atrial fibrillation burden (one type of arrhythmia
event burden), one could present the same or similar infor-
mation for another type of arrhythmia event. In fact, one
could employ both the format and procedures associated
with generating FIG. 2 or FIG. 4 (or a similar figure) to
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pictographically present information related to a number of
different types of arrhythmia event burdens.

What is claimed is:

1. A machine-implemented method comprising:

identifying atrial fibrillation events in physiological data

obtained for a living being;

obtaining heart rate data for the living being; and

pictographically presenting, using a common time scale,

information regarding the heart rate data during a
defined time period and regarding duration of atrial
fibrillation activity, according to the identified atrial
fibrillation events, during the defined time period such
that heart rate trend is presented with atrial fibrillation
burden;

wherein presenting information comprises selectively

presenting the information based on a measure of
correlation between the identified atrial fibrillation
events and human-assessments of at least a portion of
the identified atrial fibrillation events.

2. The method of claim 1, wherein pictographically pre-
senting information comprises presenting information
regarding both incidence and duration of identified atrial
fibrillation events during the defined time period.

3. The method of claim 1, wherein the heart rate data
comprise information presented in beats-per-minute.

4. The method of claim 3, wherein the heart rate data
comprise information presented in average beats-per-minute
and comprises information regarding standard deviation of
heart rate.

5. The method of claim 1, wherein pictographically pre-
senting information comprises presenting heart rate trend
juxtaposed with atrial fibrillation burden.

6. The method of claim 1, wherein pictographically pre-
senting information comprises presenting heart rate trend
and atrial fibrillation burden on the same graph.

7. The method of claim 1, wherein pictographically pre-
senting information comprises presenting heart rate trend
and atrial fibrillation burden on different graphs.

8. The method of claim 1, wherein identifying atrial
fibrillation events comprises examining the physiological
data in time intervals, and identifying the intervals in which
at least one atrial fibrillation event has occurred, and wherein
presenting information comprises displaying the identified
intervals in alignment with the information regarding the
heart rate data on the common time scale.

9. The method of claim 1, further comprising receiving
input specifying the defined time period.

10. A machine-implemented method comprising;

identifying arrhythmia events in physiological data

obtained for a living being, the identified arrhythmia
events representing a first group of data;

receiving a second group of data that includes human

assessments of at least a portion of the arrhythmia
events;
determining at least one measure of correlation between
the first group of data and the second group of data; and

if the measure of correlation matches or exceeds at least
one predetermined value, selectively presenting, based
on this measure of correlation, information regarding at
least a portion of the arrhythmia events.

11. The method of claim 10, wherein identifying arrhyth-
mia events comprises identifying atrial fibrillation events,
and selectively presenting information comprises presenting
information regarding the atrial fibrillation events and heart
rate data for the living being, during a defined time period,
together with a common time scale if the measure of
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correlation indicates a high positive predictivity for the
identification of atrial fibrillation events during the defined
time period.

12. The method of claim 11, wherein receiving human
assessments comprises receiving human assessments of a
subset of the atrial fibrillation events, and identifying atrial
fibrillation events comprises:

examining the physiological data in time intervals,

identifying the intervals in which at least one atrial

fibrillation event has occurred, and

reporting the identified intervals.

13. The method of claim 12, wherein presenting the
information comprises displaying the identified intervals in
alignment with the information regarding the heart rate data
on the common time scale.

14. The method of claim 12, further comprising identi-
fying a subset of the atrial fibrillation events that are urgent
or representative, the identified subset being the human
assessed subset.

15. The method of claim 12, wherein determining a
measure of correlation between the human assessments and
the identified events comprises:

assessing, based on comparing at least time data, a

number of the identified intervals that encompass at
least a portion of human-assessed arrhythmia events.

16. The method of claim 12, wherein presenting the
information regarding the heart rate data comprises display-
ing a heart rate trend graph including maximum heart rates
in time intervals.

17. The method of claim 16, wherein each of the heart rate
intervals is thirty minutes, and each of the atrial fibrillation
intervals is ten minutes.

18. The method of claim 11, wherein presenting the
information comprises displaying the information in two
graphs using the common time scale.

19. The method of claim 11, wherein presenting the
information comprises displaying the information in a single
graph using the common time scale.

20. An article comprising a machine-readable medium
embodying information indicative of instructions that when
performed by one or more machines result in operations
comprising:

identifying atrial fibrillation events in physiological data

obtained for a living being;

obtaining heart rate data for the living being; and

pictographically presenting, using a common time scale,
information regarding the heart rate data during a
defined time period and regarding duration of atrial
fibrillation activity, according to the identified atrial
fibrillation events, during the defined time period such
that heart rate trend is presented with atrial fibrillation
burden;

wherein presenting information comprises selectively
presenting the information based on a measure of
correlation between the identified atrial fibrillation
events and human-assessments of at least a portion of
the identified atrial fibrillation events.

21. The article of claim 20, wherein identifying atrial
fibrillation events comprises examining the physiological
data in time intervals, and identifying the intervals in which
at least one atrial fibrillation event has occurred, and wherein
presenting information comprises displaying the identified
intervals in alignment with the information regarding the
heart rate data on the common time scale.
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22. An article comprising a machine-readable medium
embodying information indicative of instructions that when
one formed by one or more machines result in operations
comprising:

identifying arrhythmia events in physiological data

obtained for a living being, the identified arrhythmia
events representing a first group of data;

receiving a second group of data that includes human

assessments of at least a portion of the arrhythmia
events;
determining at least one measure of correlation between
the first group of data and the second group of data; and

if the measure of correlation matches or exceeds at least
one predetermined value, selectively presenting, based
on this measure of correlation, information regarding at
least a portion of the arrhythmia events.

23. The article of claim 22, wherein identifying arrhyth-
mia events comprises identifying atrial fibrillation events,
and selectively presenting information comprises presenting
information regarding the atrial fibrillation events and heart
rate data for the living being, during a defined time period,
together with a common time scale if the measure of
correlation indicates a high positive predictivity for the
identification of atrial fibrillation events during the defined
time period.

24. The article of claim 23, wherein receiving human
assessments comprises receiving human assessments of a
subset of the atrial fibrillation events, and identifying atrial
fibrillation events comprises:

examining the physiological data in time intervals,

identifying the intervals in which at least one atrial

fibrillation event has occurred, and

reporting the identified intervals.

25. A machine-implemented method comprising:

identifying arrhythmia events in physiological data

obtained for a living being, the identified arrhythmia
events representing a first group of data;

receiving a second group of data that includes human

assessments of at least a portion of the arrhythmia
events:

determining at least one measure of correlation between

the first group of data and the second group of data; and
if the measure of correlation matches or is less than at
least one predetermined value, selectively presenting,
based on this measure of correlation, information
regarding at least a portion of the arrhythmia events.

26. The method of claim 25, wherein identifying arrhyth-
mia events comprises identifying atrial fibrillation events
and selectively presenting information comprises presenting
information regarding the atrial fibrillation events and heart
rate data for the living being, during a defined time period,
together with a common time scale if the measure of
correlation indicates a high positive predictivity for the
identification of atrial fibrillation events during the defined
time period.

27. An article comprising a machine-readable medium
embodying information indicative of instructions that when
performed by one or more machines result in operations
comprising:

identifying arrhythmia events in physiological data

obtained for a living being, the identified arrhythmia
events representing a first group of data;

receiving a second group of data that includes human

assessments of at least a portion of the arrhythmia
events;

determining at least one measure of correlation between

the first group of data and the second group of data;
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if the measure of correlation matches or is less than at
least one predetermined value, selectively presenting,
based on this measure of correlation, information
regarding at least a portion of the arrhythmia events.

28. The article of claim 27, wherein identifying arrhyth-
mia events comprises identifying atrial fibrillation events
and selectively presenting information comprises presenting
information regarding the atrial fibrillation events and heart
rate data for the living being, during a defined time period,
together with a common time scale if the measure of
correlation indicates a high positive predictivity for the
identification of atrial fibrillation events during the defined
time period.

29. A system for reporting information related to arrhyth-
mia events comprising:

a monitoring system configured to process and report
physiological data for a living being and configured to
identify arrhythmia events from the physiological data;

a monitoring station for receiving the physiological data
from the monitoring system;

a processing system configured to receive arrhythmia
information from the monitoring system and config-
ured to receive human-assessed arrhythmia information
from the monitoring station wherein the human-as-
sessed arrhythmia information derives from at least a
portion of the physiological data and wherein the
processing system reports information regarding
arrhythmia events if a correlation measure relating to a
correlation between the arrhythmia information from
the monitoring system and the human-assessed arrhyth-
mia information matches or exceeds a predetermined
value.

30. The system of claim 29, wherein the processing
system is capable of presenting information regarding atrial
fibrillation events and heart rate data for the living being,
during a defined time period, together with a common time
scale if the correlation measure indicates a high positive
predictivity for the identification of atrial fibrillation events
during the defined time period.

31. A system for reporting information related to arrhyth-
mia events comprising:

a monitoring system configured to process and report
physiological data, including heart rate data, for a
living being and configured to identify arrhythmia
events from the physiological data;

a monitoring station for receiving the physiological data
from the monitoring system;

a processing system configured to receive arrhythmia
information from the monitoring system and config-
ured to receive human-assessed arrhythmia information
from the monitoring station wherein the human-as-
sessed arrhythmia information derives from at least a
portion of the physiological data and wherein the
processing system is capable of pictographically pre-
senting, using a common time scale, information
regarding the heart rate data during a defined time
period and regarding duration of arrhythmia event
activity, according to the identified arrhythmia events,
during the defined time period such that heart rate trend
is presented with arrhythmia event burden.

32. The system of claim 31 wherein the monitoring
system is capable of examining the physiological data in
time intervals and identifying the intervals in which at least
one atrial fibrillation event has occurred and wherein the
processing system is capable of displaying the identified
intervals in alignment with the information regarding the
heart rate data on the common time scale.
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33. A system for reporting information related to arrhyth-
mia events comprising:

monitoring means for processing and reporting physi-

ological data, including heart, rate data, for a living
being and for identifying arrhythmia events from the
physiological data;

display means for receiving the physiological data from

the monitoring means and for displaying the physi-
ological data to a human user;

processing means for receiving arrhythmia information

from the monitoring system and for receiving human-
assessed arrhythmia information from the display
means wherein the human-assessed arrhythmia infor-
mation derives from at least a portion of the physi-
ological data and wherein the processing means is
capable of pictographically presenting, using a com-
mon time scale, information regarding the heart rate
data during a defined time period and regarding dura-
tion of arrhythmia event activity, according to the
identified arrhythmia events, during the defined time
period such that heart rate trend is presented with
arrhythmia event burden.

34. The system of claim 33 wherein the monitoring means
is capable of examining the physiological data in time
intervals and identifying the intervals in which at least one
atrial fibrillation event has occurred and wherein the pro-
cessing means is capable of displaying the identified inter-
vals in alignment with the information regarding the heart
rate data on the common time scale.

35. A machine implemented method comprising:

obtaining heart rate data for a living being;

identifying atrial fibrillation events in physiological data

obtained for the living being, the identified atrial fibril-
lation events representing a first group of data, and
wherein identifying atrial fibrillation events includes
examining the physiological data in time intervals and
identifying the intervals in which at least one atrial
fibrillation event has occurred;

receiving a second group of data that includes human

assessments of at least a portion of the atrial fibrillation
events;

determining at least one measure of correlation between

the first group of date and the second group of data,
wherein determining at least one measure of correlation
includes assessing, based on comparing at least time
data, a number of the identified intervals that encom-
pass at least a portion of the human-assessed atrial
fibrillation events;

if the measure of correlation matches or exceeds at least

one predetermined value, pictographically presenting,
using a common time scale, information regarding the
heart rate data during a defined time period and regard-
ing duration of atrial fibrillation activity, according to
the identified atrial fibrillation events, during the
defined time period such that heart rate trend is juxta-
posed with atrial fibrillation burden and wherein pic-
tographically presenting includes displaying the iden-
tified intervals in alignment with the information
regarding the heart rate data on the common time scale.

36. The method of claim 35, wherein pictographically
presenting comprises presenting information regarding the
atrial fibrillation events and heart rate data for the living
being, during a defined time period, together with a common
time scale if the measure of correlation indicates a high
positive predictivity for the identification of atrial fibrillation
events during the defined time period.
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37. An apparatus comprising:

means for identifying atrial fibrillation events in physi-

ological data obtained for a living being;

means for obtaining heart rate data for the living being;

and

means for pictographically presenting, using a common

time scale, information regarding the heart rate data
during a defined time period and regarding duration of
atrial fibrillation activity, according to the identified
atrial fibrillation events, during the defined time period
such that heart rate trend is presented with atrial
fibrillation burden;

wherein the means for pictographically presenting infor-

mation comprises means for selectively presenting the
information based on a measure of correlation between
the identified atrial fibrillation events and human-as-
sessments of at least a portion of the identified atrial
fibrillation events.

38. The apparatus of claim 37, wherein the means for
pictographically presenting is capable of presenting infor-
mation regarding the atrial fibrillation events and heart rate
data for the living being, during a defined time period,
together with a common time scale if the measure of
correlation indicates a high positive predictivity for the
identification of atrial fibrillation events during the defined
time period.

39. An apparatus comprising:

means for identifying arrhythmia events in physiological

data obtained for a living being, the identified arrhyth-
mia events representing a first group of data;

means for receiving a second group of data that includes

human assessments of at least a portion of the arrhyth-
mia events;

means for determining at least one measure of correlation

between the first group of data and the second group of
data;

means for selectively presenting, based on this measure of

correlation, information regarding at least a portion of
the arrhythmia events if the measure of correlation
matches or exceeds at least one predetermined value.

40. The apparatus of claim 39, wherein the arrhythmia
events comprise atrial fibrillation events and wherein the
means for selectively presenting is capable of presenting
information regarding the atrial fibrillation events and heart
rate data for the living being, during a defined time period,
together with a common time scale if the measure of
correlation indicates a high positive predictivity for the
identification of atrial fibrillation events during the defined
time period.

41. A machine implemented method comprising:

obtaining heart, rate data for a living being;

identifying arrhythmia events in physiological data

obtained for the living being, the identified arrhythmia
events representing a first group of data, and wherein
identifying arrhythmia events includes examining the
physiological data in time intervals and identifying the
intervals in which at least one arrhythmia events event
has occurred;
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receiving a second group of data that includes human
assessments of at least a portion of the arrhythmia
events;

determining at least one measure of correlation between

the first group of data and the second group of data,
wherein determining at least one measure of correlation
includes assessing, based on comparing at least time
data, a number of the identified intervals that encom-
pass at least a portion of the human-assessed arrhyth-
mia events;

if the measure of correlation matches or exceeds at least

one predetermined value, pictographically presenting,
using a common time scale, information regarding the
heart rate data during a defined time period and regard-
ing duration of arrhythmia events activity, according to
the identified arrhythmia events, during the defined
time period such that heart rate trend is juxtaposed with
arrhythmia event burden and wherein pictographically
presenting includes displaying the identified intervals
in alignment with the information regarding the heart
rate data on the common time scale.

42. The method of claim 41, wherein pictographically
presenting comprises presenting information regarding the
arrhythmia events and heart rate data for the living being,
during a defined time period, together with a common time
scale if the measure of correlation indicates a high positive
predictivity for the identification of arrhythmia events dur-
ing the defined time period.

43. A machine-implemented method comprising:

identifying arrhythmia events in physiological data

obtained for a living being, the identified arrhythmia
events representing a first group of data;

receiving a second group of data that includes human

assessments of at least a portion of the arrhythmia
events;
determining at least one measure of correlation between
the first group of data and the second group of data; and

if the measure of correlation matches or exceeds at least
one predetermined value, selectively presenting, based
on this measure of correlation, information regarding at
least a portion of the identified arrhythmia events and
wherein selectively presenting information comprises
presenting information regarding the identified arrhyth-
mia events and heart rate data for the living being,
during a defined time period, together with a common
time scale if the measure of correlation indicates a high
positive predictivity for the identification of arrhythmia
events during the defined time period.

44. The method of claim 43, wherein receiving human
assessments comprises receiving human assessments of a
subset of the identified arrhythmia events, and identifying
arrhythmia events comprises:

examining the physiological data in time intervals,

identifying the intervals in which at least one identified

arrhythmia event has occurred, and

reporting the identified intervals.
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SYSTEM AND METHOD FOR PROCESSING
AND PRESENTING ARRHYTHMIA
INFORMATION TO FACILITATE HEART
ARRHYTHMIA IDENTIFICATION AND
TREATMENT

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation application of and claims
the benefit of priority from the U.S. Application entitled “Sys-
tem And Method For Processing And Presenting Arrhythmia
Information To Facilitate Heart Arrhythmia Identification
And Treatment,” filed Jan. 16, 2004, application Ser. No.
10/760,122, and claims priority from U.S. Provisional Appli-
cation entitled “Presenting Arrhythmia Information to Facili-
tate Heart Arrhythmia Identification and Treatment,” filed
Now. 26, 2003, Application Ser. No. 60/525,386.

BACKGROUND

The present application describes systems and technmques
relating to processing and presenting arrhythmia event infor-
mation from physiological data, for example, selectively pre-
senting atrial fibrillation events to a medical practitioner.

Over the years, various devices have been used for moni-
toring hearts in living beings. Additionally, systems have
been used to collect and report on heart information obtained
from patients.

SUMMARY

In general, in one aspect, a heart monitoring system col-
lects heart data from a monitored individual and stores the
data at a monitoring center. Collected data can be processed,
and graphical representations of the collected information
can be presented to medical practitioners to assist in treating
heart arrhythmias, such as atrial fibrillation. A system and
method can involve operations including identifying arrhyth-
mia events in physiological data obtained for a living being,
receiving human assessments of at least a portion of the
arrhythmia events, determining a measure of correlation
between the human assessments and the identified events, and
selectively presenting information regarding the identified
events based on the measure of correlation. The operations
also can include identifying atrial fibrillation events in physi-
ological data obtained for a living being, obtaining heart rate
data for the living being, and presenting information regard-
ing the heart rate data and duration of the atrial fibrillation
events together with a common time scale to pictographically
represent heart rate trend with atrial fibrillation burden during
a defined time period.

One or more of the following advantages can be realized.
The heart monitor can loop every twenty-four hours and can
automatically transmit heart data at least every twenty-four
hours. The system can automatically generate a daily graphi-
cal summary of atrial fibrillation (AF) burden for review by a
medical practitioner, which can be presented effectively any-
where using one or more communication networks. The AF
burden graph can be used for asymptomatic AF detection,
drug therapy (rate, rhythm, anti-coagulants), pre/post abla-
tion monitoring, and CHF (congestive heart failure) decom-
pensation. The system can provide an overall sensitivity of
96%, a positive predictivity of over 99%, and artifact rejec-
tion of over 90%. In one implementation, the graph only
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displays events where AF detection is validated by a techmi-
cian finding AF in over 50% of the automatically identified
events.

The details of one or more embodiments are set forth in the
accompanying drawings and the description below. Other
features and advantages will become apparent from the
description, the drawings, and the claims.

DRAWING DESCRIPTIONS

FIG. 1 illustrates, according to an exemplary embodiment,
a system for reporting information related to arrhythmia
events.

FIG. 2 shows, according to one embodiment, a graph pre-
senting an example of atrial fibrillation burden and heart rate
trend.

FIG. 3 is a diagram illustrating, according to an exemplary
embodiment, a procedure for monitoring, processing, and
reporting information related to arrhythmia events.

FIG. 4 shows, according to an exemplary embodiment, one
graph presenting an example of atrial fibrillation burden and
one graph presenting an example of heart rate trend.

FIGS. 5 and 6 are diagrams illustrating, according to
another exemplary embodiment, a procedure for monitoring,
processing, and reporting information related to arrhythmia
events.

DETAILED DESCRIPTION

FIG. 1 illustrates, according to one embodiment, a system
for reporting information related to arrhythmia events, such
as atrial fibrillation events. In this embodiment, monitoring
system 109 can communicate (via devices 101 and 102) ECG
(electrocardiogram), cardiac event, and other data to moni-
toring center 104. The system 109 can include, for example,
an implantable medical device (IMD), such as an implantable
cardiac defibrillator and an associated transceiver or pace-
maker and an associated transceiver, or a monitoring device
101 that a patient 110 wears. Further, monitoring system 109
can include a monitor processing device 102 that can send
standard physiological data (received from monitoring device
101) to monitoring center 104 and that can detect arrhythmia
events (such as atrial fibrillation events). In one implementa-
tion, the devices 101 and 102 are integrated into a single
device. Moreover, the system 109 can be implemented using,
for example, the CardioNet Mobile Cardiac Outpatient
Telemetry (MCOT) device, which is commercially available
and provided by CardioNet, Inc of San Diego, Calif.

Monitor processing device 102 can transmit physiological
data (including data related to arrhythmia events) through a
communication network 103, which can be a local area net-
work (LAN), a landline telephone network, a wireless net-
work, a satellite communication network, or other suitable
network to facilitate two-way communication with monitor-
ing center 104. Advantageously, monitoring center 104 can be
located in the same location (e.g., in the same room or build-
ing) as monitoring system 109 or at some remote location.

The monitoring center 104 can include a monitoring (or
display) station 105 and a processing system 106. In one
implementation, a cardiovascular technician (CVT) can use
the monitoring station 105 to evaluate physiological data
received from monitoring system 109, identifying and report-
ing, among other things, arrhythmia events (such as atrial
fibrillation events). The CVT reports these assessments of the
physiological data to the processing system 106, which also
receives information related to the arrhythmia events identi-
fied by monitoring system 109. As will be explained further
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below, processing system 106 analyzes this arrhythmia event
data (both the human-assessed data from the CVT and the
data reported by monitoring system 109) and determines
whether to generate a graph (or other similar presentation)
related to these events. In certain circumstances, the process-
ing system will send a report related to both arrhythmia and
heart rate data to, for example, a physician or other health care
provider 108 via transmission path 107—which may be part
of the network 103.

FIG. 3 illustrates, according to one embodiment, a proce-
dure for monitoring, processing, and reporting arrhythmia
event data (such as data associated with atrial fibrillation
events). In this embodiment, the monitoring system 109 (il-
lustrated in FIG. 1) monitors and reports physiological data
(including data related to heart rate) at 301. At 302, various
parts of this physiological data can be analyzed (for example,
RR variability and QRS morphology) and arrhythmia events
can be identified based on predefined criteria—the informa-
tion relating to these events (among other possible informa-
tion) constituting a first group of data. In one implementation,
the monitoring system 109 identifies certain of the arrhythmia
events that are urgent or representative and reports those
events to both a CVT at 303 and to the processing system at
304. Alternatively, the system could simply report the events
identified at 302 to the processing system. Further, at 303, a
CVT, using station 105, evaluates various parts of the physi-
ological data received from 302 and/or 301 and also identifies
arrhythmia events—the information relating to these human-
assessed events (among other possible information) consti-
tuting a second group of data. Here, if needed, the CVT can
request additional data from monitoring system 109.

At 304, the processing system 106 analyzes both the first
and second group of data, determining a measure of correla-
tion between these groups. This process can involve, for
example, determining whether a correlation measure exceeds
and/or equals a predetermined correlation parameter or
whether a correlation measure is less than and/or equals that
parameter. If, based on the correlation analysis, the informa-
tion related to the arrhythmia events is determined to be valid,
then the system generates a report relating to both heart rate
trend and the arrhythmia events at 305, such as the graph
shown in FIG. 2 or the graphs shown in FIG. 4. If, on the other
hand, there is insufficient correlation, then the system does
not generate a report and monitoring continues.

To illustrate, in one implementation, every ten minutes, the
monitoring system 109 transmits a “flag” if it has detected an
atrial fibrillation (AF) event in the last ten minutes. In this
implementation, the processing system 106 only generates a
graph (or graphs) related to heart rate trend and atrial fibril-
lation burden—such as the graph shown in FIG. 2 or the
graphs shown in FIG. 4—if more than 50% of the ten minute
flags (generated at 302) match events identified by a CV'T (at
303)—a correlation (with respect to the time period at issue)
indicating a high positive predictivity for the identification of
AF events. If this 50% threshold is not met, then the system
does not generate a graph (or graphs) based on the data at
issue and simply continues to process data.

The term “atrial fibrillation burden” (or more generally,
“arrhythmia event burden™) refers generally to the overall
amount of time that a patient is in atrial fibrillation (or
arrhythmia) over a specified time period, taking into account
the number and duration of episodes. Advantageously,
employing pictographic presentations, such as those of FIGS.
2 and 4, a medical practitioner can see whether a patient is
more likely to experience an arrhythmia, such as AF, at certain
times of the day, and this can affect therapeutic approaches in
some cases.
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FIG. 2 represents one example of how to pictographically
present both heart rate trend and atrial fibrillation burden on a
common time scale (to “pictographically present” such data,
however, a graph is not required.). The graph 205 contains
information relating to, for example, daily AF incidence and
time of occurrence 201, AF duration 202, and heart rate (203
and 204). A scale 204 (in this example) indicates heart rate in
average beats-per-minute and the dots and lines shown at 203
(for example) indicate values on that scale, standard devia-
tions associated with these values, and heart rates during AF.
Further, graph 205 shows heart rate data at 15 minutes and 45
minutes past the hour. Finally, in this graph, the presence of
one or more AF events in a given 10-minute period is graphed
as a 10-minute interval.

Like FIG. 2, FIG. 4 represents an example of how to pic-
tographically present heart rate trend and atrial fibrillation
burden ona common time scale. Although FIG. 4, unlike F1G.
2, uses two graphs, FIG. 4 presents the same information as
FIG. 2. Specifically, graphs 404 and 405 contain information
relating to, for example, daily AF incidence and time of
occurrence 401, AF duration 402, and heart rate (403 and
406). A scale 406 (in this example) indicates heart rate in
average beats-per-minute and the dots and lines shown at 403
(for example) indicate values on that scale, standard devia-
tions associated with these values, and heart rates during AF.

FIGS. 5 and 6 are diagrams illustrating another implemen-
tation of the invention. Specifically, at 501, the system 111,
employing monitoring system 109, obtains physiological
data, including heart rate data. In turn, at 502, the system
identifies the presence of arrhythmia events (such as AF
events) in this physiological data, examining this data in time
intervals. At 503, the system assigns flags indicating the pres-
ence of arrhythmia events and reports those flags—which
represent a first group of data—to the processing system.
Similarly, at 504, the system identifies and reports physi-
ological data, such as ECG data, for a subset of the events
identified at 502 and reported at 503. Notably, the system, in
this implementation, need not report physiological data for
each flag assigned at 503, but need only report data associated
with the most significant events identified at 502, thereby
minimizing the data sent to a CV'T.

At 601, the CVT analyzes this data and reports whether
arrhythmia events have occurred, thereby generating a second
group of data. The processing system then determines (at
602), based on comparing time stamps associated with each
group of data, at least one measure of correlation between the
first group of data and the second group of data. To illustrate,
if enough ofthe human-assessed events reported at 601 match
the events reported at 503, then the system determines that the
data is valid, that is, that there is a high positive predictivity
for the identification of arrhythmia events. If such a determi-
nation is made, the data associated with each flag reported at
503 is pictographically presented in a form such as FIG. 2 or
FIG. 4. Significantly, in this implementation, while this pic-
tographic representation can contain all such data, the CVT
need only review a subset of this data. In short, the system
achieves increased accuracy in the presentation of informa-
tion relating to arrhythmia events while minimizing the data
that the CVT reviews.

The disclosed system and all of the functional operations
described and illustrated in this specification can be imple-
mented in digital electronic circuitry, or in computer hard-
ware, firmware, software, or in combinations of the forgoing.
Apparatus can be implemented in a software product (e.g., a
computer program product) tangibly embodied in a machine-
readable storage device for execution by a programmable
processor, and processing operations can be performed by a



Case 2:12-cv-02517-JS Document 101 Filed 07/08/13 Page 52 of 144

US 7,907,996 B2

5

programmable processor executing a program of instructions
to perform functions by operating on input data and generat-
ing output. Further, the system can be implemented advanta-
geously in one or more software programs that are executable
on a programmable system. This programmable system can
include the following: 1) at least one programmable processor
coupled to receive data and instructions from, and to transmit
data and instructions to, a data storage system; 2) at least one
input device; and 3) at least one output device. Moreover,
each software program can be implemented in a high-level
procedural or object-oriented programming language, or in
assembly or machine language if desired; and in any case, the
language can be a compiled or an interpreted language.

Also, suitable processors include, by way of example, both
general and special purpose microprocessors. Generally, a
processor will receive instructions and data from a read-only
memory, a random access memory, and/or a machine-read-
able signal (e.g., a digital signal received through a network
connection). Generally, a computer will include one or more
mass storage devices for storing data files. Such devices can
include magnetic disks, such as internal hard disks and
removable disks, magneto-optical disks, and optical disks.
Storage devices suitable for tangibly embodying software
program instructions and data include all forms of non-vola-
tile memory, including, by way of example, the following: 1)
semiconductor memory devices, such as EPROM (electri-
cally programmable read-only memory); EEPROM (electri-
cally erasable programmable read-only memory) and flash
memory devices; 2) magnetic disks such as internal hard
disks and removable disks; 3) magneto-optical disks; and 4)
CD-ROM disks. Any of the foregoing can be supplemented
by, or incorporated in, ASICs (application-specific integrated
circuits).

To provide for interaction with a user (such as the CVT),
the system can be implemented on a computer system having
a display device such as a monitor or LCD (liquid crystal
display) screen for displaying information to the user and a
keyboard and a pointing device such as a mouse or a trackball
by which the user can provide input to the computer system.
The computer system can be programmed to provide a
graphical user interface through which computer programs
interact with users.

Finally, while the foregoing system has been described in
terms of particular implementations, other embodiments are
within the scope of the following claims. For example, the
disclosed operations can be performed in a different order and
still achieve desirable results. Moreover, the system need not
employ 10-minute intervals; many different time intervals are
possible (as is, no interval at all), including 1 minute, 30
second, and 30-minute intervals. Indeed, because time inter-
vals are not required, the graphs of FIGS. 2 and 4 could be
modified to show continuous heart rate trend (accompanied
by corresponding AF data) rather than just specific instances
of'this trend. Further, while FIGS. 2 and 4 show examples of
(among other things) pictographically presenting atrial fibril-
lation burden (one type of arrhythmia event burden), one
could present the same or similar information for another type
ofarrhythmia event. In fact, one could employ both the format
and procedures associated with generating FIG. 2 or FIG. 4
(or a similar figure) to pictographically present information
related to a number of different types of arrhythmia event
burdens.

What is claimed is:

1. A machine-implemented method comprising:

identifying atrial fibrillation events in physiological data

obtained for a living being, wherein identifying atrial
fibrillation events comprises examining the physiologi-
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cal data in multiple time intervals, and identifying inter-
vals in which at least one atrial fibrillation event has
occurred;

obtaining heart rate data for the living being;

receiving a human assessment of a subset of the identified

atrial fibrillation events; and

based on the human assessment of the subset of the iden-

tified atrial fibrillation events, pictographically present-
ing, using a common time scale, information regarding
the heart rate data for the multiple time intervals during
a defined time period in alignment with indications of
atrial fibrillation activity for the identified intervals,
according to the identified atrial fibrillation events, dur-
ing the defined time period such that heart rate trend is
presented with atrial fibrillation burden, wherein picto-
graphically presenting information regarding the heart
rate data comprises displaying for each of the multiple
time intervals a range of heart rates and a heart rate
average.

2. The method of claim 1,

further comprising determining that the identified atrial

fibrillation events are valid when a threshold percentage
of the identified atrial fibrillation events match events
identified by the human assessment; and

wherein pictographically presenting based on the human

assessment comprises pictographically presenting
based on the determining.

3. The method of claim 2, wherein pictographically pre-
senting the indications of atrial fibrillation activity comprises
presenting information regarding duration of the identified
atrial fibrillation events during the defined time period.

4. The method of claim 2, wherein the heart rate data
comprise information presented in beats-per-minute.

5. The method of claim 4, wherein the range of heart rates
comprises standard deviation of heart rate.

6. The method of claim 2, wherein pictographically pre-
senting information comprises presenting the heart rate trend
juxtaposed with the atrial fibrillation burden.

7. The method of claim 2, wherein pictographically pre-
senting information comprises presenting heart rate trend and
atrial fibrillation burden on the same graph.

8. The method of claim 2, wherein pictographically pre-
senting information comprises presenting heart rate trend and
atrial fibrillation burden on different graphs.

9. The method of claim 2, further comprising receiving
input specifying the defined time period.

10. The method of claim 2, further comprising displaying
an indication of a time interval of the multiple time intervals
having a minimum heart rate for the multiple time intervals.

11. The method of claim 2, further comprising displaying
an indication of a time interval of the multiple time intervals
having a maximum heart rate for the multiple time intervals.

12. An article comprising a machine-readable medium
embodying information indicative of instructions that when
performed by one or more machines result in operations
comprising:

identifying atrial fibrillation events in physiological data

obtained for a living being, wherein identifying atrial
fibrillation events comprises examining the physiologi-
cal data in multiple time intervals, and identifying inter-
vals in which at least one atrial fibrillation event has
occurred;

obtaining heart rate data for the living being;

receiving a human assessment of a subset of the identified

atrial fibrillation events; and

based on the human assessment of the subset of the iden-

tified atrial fibrillation events, pictographically present-
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ing, using a common time scale, information regarding
the heart rate data for the multiple time intervals during
a defined time period in alignment with indications of
atrial fibrillation activity for the identified intervals,
according to the identified atrial fibrillation events, dur-
ing the defined time period such that heart rate trend is
presented with atrial fibrillation burden, wherein picto-
graphically presenting information regarding the heart
rate data comprises displaying for each of the multiple
time intervals a range of heart rates and a heart rate
average.

13. The article of claim 12,

determining that the identified atrial fibrillation events are

valid when a threshold percentage of the identified
events match events identified by the human assessment;
and

wherein pictographically presenting based on the human

assessment comprises pictographically presenting
based on the determining.

14. The article of claim 13, wherein pictographically pre-
senting the indications of atrial fibrillation activity comprises
presenting information regarding duration of the identified
atrial fibrillation events during the defined time period.

15. The article of claim 13, wherein pictographically pre-
senting information comprises presenting the heart rate trend
juxtaposed with the atrial fibrillation burden.

16. The article of claim 13, wherein the operations further
comprise receiving input specifying the defined time period.

17. The article of claim 13, wherein the operations further
comprise displaying an indication of a time interval of the
multiple time intervals having a maximum heart rate for the
multiple time intervals.

18. An apparatus comprising:

means for identifying atrial fibrillation events in physi-

ological data obtained for a living being based on exami-
nation of the physiological data in multiple time inter-
vals to identify intervals in which at least one atrial
fibrillation event has occurred;

means for obtaining heart rate data for the living being;

means for receiving a human assessment of a subset of the

identified atrial fibrillation events; and

means for pictographically presenting, based on the human

assessment of the subset of the identified atrial fibrilla-
tion events, information regarding the heart rate data for
the multiple time intervals during a defined time period
in alignment with indications of atrial fibrillation activ-
ity for the identified intervals, according to the identified
atrial fibrillation events, during the defined time period
such that heart rate trend is presented with atrial fibril-
lation burden, and a range of heart rates and a heart rate
average are displayed for each of the multiple time inter-
vals.

19. The apparatus of claim 18, further comprising means
for determining that the identified atrial fibrillation events are
valid when a threshold percentage of the identified events
match events identified by the human assessment; and
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wherein the means for pictographically presenting is
coupled to operate based on output of the means for
determining.
20. The apparatus of claim 19, wherein the indications of
atrial fibrillation activity comprise information regarding
duration of the identified atrial fibrillation events during the
defined time period.
21. The apparatus of claim 19, wherein the means for
pictographically presenting comprises means for presenting
the heart rate trend juxtaposed with the atrial fibrillation bur-
den.
22. The apparatus of claim 19, further comprising means
for receiving input specifying the defined time period.
23. A system for reporting information related to arrhyth-
mia events comprising:
a monitoring system configured to process and report
physiological data, including heart rate data, for a living
being, configured to identify atrial fibrillation events
from the physiological data, and configured to examine
the physiological data in multiple time intervals to iden-
tify intervals in which at least one atrial fibrillation event
has occurred;
a monitoring station for receiving the physiological data
from the monitoring system; and
a processing system configured to:
receive a human assessment of a subset of the identified
atrial fibrillation events, and

pictographically present based on the human assessment
of the subset of the identified atrial fibrillation events,
information regarding the heart rate data for the mul-
tiple time intervals during a defined time period in
alignment with indications of atrial fibrillation activ-
ity for the identified intervals, according to the iden-
tified atrial fibrillation events, during the defined time
period such that heart rate trend is presented with
atrial fibrillation burden, and a range of heart rates and
a heart rate average are displayed for each of the
multiple time intervals.

24. The system of claim 23, wherein the processing system
is configured to determine that the identified atrial fibrillation
events are valid when a threshold percentage of the identified
events match events identified by the human assessment, and
configured to present the information regarding the heart rate
data based on said determination.

25. The system of claim 24, wherein the processing system
is configured to display an indication of a time interval of the
multiple time intervals having a maximum heart rate for the
multiple time intervals.

26. The system of claim 24, wherein the indications of
atrial fibrillation activity comprise duration of the identified
atrial fibrillation events during the defined time period.

27. The system of claim 24, wherein the processing system
is configured to present the heart rate trend juxtaposed with
the atrial fibrillation burden.

28. The system of claim 24, wherein the processing system
is configured to receive input specifying the defined time
period.
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ADAPTIVE SELECTION OF A WARNING
LIMIT IN PATIENT MONITORING

This invention relates to the monitoring of a physiologi-
cal characteristic of a patient, and, more particularly, to
establishing a warning limit that may be used to indicate a
variation of the physiological characteristic that necessitates
immediate attention.

BACKGROUND OF THE INVENTION

Advances in sensor technology, electronics, and commu-
nications have made it possible for physiological character-
istics of patients to be monitored even when the patients are
ambulatory and not in continuous, direct contact with a
hospital monitoring system. For example, U.S. Pat. No.
5,959,529 describes a monitoring system in which the
patient carries a remote monitoring unit with associated
physiological sensors. The remote monitoring unit conducts
a continuous monitoring of one or more physiological
characteristics of the patient according to the medical prob-
lem of the patient, such as the heartbeat and its waveform.

Under prescribed conditions, the remote monitoring unit
contacts a central unit to communicate information on the
condition of the patient. The communication may be accom-
plished in some cases on a routine reporting basis (e.g., a
regular once-a-day report at night on a land telephone line
while the patient sleeps) and in other cases on an urgent basis
that signifies an event wherein the patient may need imme-
diate attention (e.g., over a cellular telephone link as the
patient experiences discomfort or an attack). The remote
monitoring unit contains logic, which may be generally be
described as a warning limit, that is used to determine
whether the communication is to be made on an urgent basis.
The warning limit is usually based both on the nature of an
evaluation criterion for specific events and also on a quan-
titative threshold for the selected criterion.

In the studies leading to the present invention, the inven-
tor has observed that the application of these fundamental
principles of warning limits is straightforward conceptually
but complex in practice. Although many physiological char-
acteristics may be described in a textbook manner, large
variations from the textbook description are encountered in
everyday situations. For example, variations in sensor
performance, individual human characteristics and
responses, personal experiences, and the like make it diffi-
cult to establish warning limits that are universally
applicable, or even applicable for the same patient under all
conditions.

The warning limits are normally selected in a conserva-
tive manner when viewed from the standpoint of patient
safety. That is, it is preferable to make urgent communica-
tions more often than necessary, rather than to fail to make
an urgent communication when it is necessary. On the other
hand, too many urgent communications are wasteful in
terms of power consumption of the remote monitoring unit
(establishing and maintaining a cell phone connection con-
sumes a relatively large amount of power and thus reduces
available battery life), telephone connection time expense,
and resource use at the central unit.

For these reasons, it is important to establish realistic
warning limits characteristic of situations that are truly
urgent. There are not currently available any approaches
which meet this requirement, and consequently a need exists
for establishing warning limits for use in such situations.
The present invention fulfills this need, and further provides
related advantages.
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2
SUMMARY OF THE INVENTION

The present approach provides a technique for monitoring
a patient in which one or more warning limits are recursively
reevaluated as necessary. Proposed changes to the warning
limits are made without human intervention, but in some
cases the proposed changes may be reviewed by a human
being to be certain that they are realistic. The present
approach is fully compatible with adjustments to warning
limits made by medical personnel. The present approach
allows a patient monitoring system to be continuously
refined and customized for the individual patient and the
individual monitoring system through an adaptive learning
process.

In accordance with the invention, a method of monitoring
a patient comprises the steps of establishing a current
warning limit for a physiological characteristic of the
patient. A sensor is provided for the physiological charac-
teristic. such as the heartbeat, for example, and a measured
value of the physiological characteristic of the patient is
measured using the sensor. The measured value and the
current warning limit are compared, and a warning signal
may be generated responsive to the step of comparing in the
event that the measured value is outside the value defined by
the current warning limit. The method includes selecting a
revised warning limit responsive to at least one of the steps
of providing and measuring, preferably without human
intervention (i.e., automatically). However, a human being
may review the revised warning limit. That is, the automated
system may propose the revision, subject to revision by the
human being.

The step of selecting a revised warning limit may be made
responsive to any of a wide variety of circumstances. For
example, the operating characteristics of the sensor may be
determined, and the selecting of the revised warning limit
may be made responsive to the determination of the oper-
ating characteristics of the sensor. The selecting of a revised
warning limit may instead be responsive to the step of
measuring, as where the step of measuring is performed as
a function of time, and wherein the step of selecting is
responsive to time variations in the measured value or is
responsive to a value of time. The selecting of the revised
warning limit may be additionally responsive to a second
physiological characteristic or to a patient history.

In one embodiment, the present invention is practiced
using a monitoring apparatus including a remote monitoring
unit associated with the patient, a central unit, and a com-
munications device which selectively establishes a commu-
nications link between the remote monitoring unit and the
central unit responsive to a warning signal. This apparatus
provides a real-time urgent communications capability. It
may also be practiced in other operable situations, such as
monitors whose data are periodically transmitted, non-
ambulatory situations, and the like.

The present invention allows the patient to be monitored
and acceptable limits for the physiological conditions of the
patient to be defined increasingly precisely over time. With
continued experience as the monitoring apparatus adapts to
the individual patient, the incidence of unnecessary urgent
communications is expected to decrease. The result is that
the efficiency of resource utilization is expected to increase
over time. Additionally, the monitoring apparatus discovers
which warning limits are most meaningful for the individual
patient, so that the precision of the generation of warnings
is increased.

Other features and advantages of the present invention
will be apparent from the following more detailed descrip-
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tion of the preferred embodiment, taken in conjunction with
the accompanying drawings, which illustrate, by way of
example, the principles of the invention. The scope of the
invention is not, however, limited to this preferred embodi-
ment.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block flow diagram of a method for practicing
the present approach; and

FIG. 2 is a simplified schematic block diagram of a
preferred apparatus with which the present invention may be
used.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 depicts an approach for practicing the present
invention. A monitoring apparatus is provided, numeral 20.
The monitoring apparatus may be of any operable form, and
one preferred form of the monitoring apparatus 50 is illus-
trated in FIG. 2. The monitoring apparatus 50 is shown in a
simplified form illustrating only those portions that are
required to discuss the present invention. The monitoring
apparatus 50 is generally like that disclosed in U.S. Pat. No.
5,959,529, whose disclosure is incorporated by reference,
but modified as discussed herein.

The monitoring apparatus 50 includes a remote monitor-
ing unit (RMU) 52 carried by an ambulatory patient, and a
central unit (CU) 54. The central unit 54 is typically a file
server or a network. Other remote monitoring units, that are
not “portable” but may be at a fixed location in a patient’s
home or hospital facility, may be used as well. A sensor 56
measures a physiological characteristic of a patient, and is
typically in contact with the patient. (“Patient” is used in a
broad sense, and refers to a person being monitored.) There
may be one sensor or more than one sensor 56, depending
upon the parameters of the patient that are of interest.
Examples of operable sensors 56 include a heart monitor
sensor, a blood pressure monitor sensor, a temperature
monitor sensor, a respiration sensor, a brain wave sensor, a
blood chemistry sensor, a blood glucose sensor, a blood
oxygen saturation sensor, a patient position sensor, and a
patient activity sensor. Sensors of various types are known
in the art, and details of their construction and operation
does not form a part of the present invention.

In either event, the sensor 56 is in communication with a
central processing unit (CPU) 58 of the remote monitoring
unit 52, with intermediate signal conditioning equipment as
necessary (not shown here). The central processing unit 58
performs analyses of the signals of the sensor 56, as will be
discussed subsequently. Similarly, the central unit 54
includes a central processing unit (CPU) 60 to perform
calculations and analyses, as will be discussed subsequently.
(As noted, the central unit 54 and its CPU 60 may be of any
operable type, such as a dedicated system, a network, or a
file server.) The remote monitoring unit 52 and the central
unit 54 may be placed in two-way communication with each
other through a transceiver 62 located in the remote moni-
toring unit 52 and a communicating transceiver 64 located in
the central unit 54. The transceivers 62, 64 may include any
operable type of communications devices. For example, they
may include a modem to establish communications over a
conventional land-line telephone for routine communica-
tions. They may also include a cellular telephone transceiver
to establish communications on an urgent basis. The trans-
ceivers 62, 64 may also be equipped for two-way voice
communication between the patient and a person at the
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central unit 54. The present invention is concerned in part
with establishing the criteria for determining when a com-
munication should be routine or urgent, by adaptively select-
ing the warning limits that signal a need for an urgent
communication. The central unit 54 is provided with an
interface to allow human review 66 of recommended actions
of the central processing unit 60, as by the patient’s physi-
cian.

Returning to the discussion of FIG. 1, a current warning
limit is established, numeral 22. The current warning limit
relates to the type of physiological condition being moni-
tored by the sensor 56. In the case of a heart sensor that
measures a voltage as a function of time, for example, the
warning limit may relate to any of a wide variety of types of
information that may be determined from the heart sensor
output to the central processing unit 58. Examples of warn-
ing limits may include, for example, the frequency of
heartbeats, the shape of a particular part of the heartbeat
waveform, the amplitude of a particular part of the heartbeat
signal, or any other feature of the signal. There may also be
quantitative values placed on some of these types of warning
limits, such as a maximum or minimum number of heart-
beats per minute, a maximum or minimum amplitude, a
maximum number of features of a particular shape or type
per minute (or hour), etc. The current warning limit is
normally established in step 22 as input values from the
experience of the medical caregiver responsible for the
patient.

The physiological characteristics of the patient are mea-
sured using the sensor 56, numeral 24, and provided to the
central processing unit 58. In the case of a heartbeat sensor,
for example, the data output is a series of data pairs of sensor
voltage output as a function of time (provided by a clock in
the central processing unit 58).

The central processing unit 58 preliminary evaluates the
sensor signals. It optionally evaluates the sensor
performance, numeral 26. For example, it is known that the
performance of some sensors degrades over time. That is, if
a single feature such as the same heartbeat is measured by
two sensors that are otherwise identical but wherein one has
been used for five days and the other is new, the output
voltages of the two sensors typically vary. If a warning limit
is based on this voltage output, then different performance
will be obtained for the used sensor and the new sensor. The
change of performance of the sensor may be tracked by any
operable approach, such as calibration signals or historical
information. The sensor evaluation of step 26 keeps track of
these changes over time.

The sensor signal is interpreted, numeral 28. The inter-
pretation step 28 extracts the type of information of interest
from the sensor signal. For example, if the information of
interest is the frequency of heartbeats, a counting procedure
is used. If the information of interest is a shape of the
voltage-time output, then curve-shape analysis procedures
are used. The methodology of such interpretation techniques
is known in the art.

Using this information, event detection is performed,
numeral 30. Event detection preferably includes comparing
the measured value of a feature from the interpretation step
28 with the current warning limit for that feature as provided
in step 22. For example, it may be significant if the heartbeat
rate exceeds 100 per minute, or if more than a selected
number of heartbeat shapes occurs per minute or per hour.
Comparisons of other measured physiological
characteristics, such as respiration rate, blood pressure, and
the like may be made as well.
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The comparisons with the current warning limits are used
to determine whether an event is occurring that requires
urgent communication between the remote monitoring unit
52 and the central unit 54, numeral 34. The determination
may be based on a single variable or multiple variables. For
example, if the heartbeat exceeds a heartbeat warning limit
value and the blood oxygen saturation level also exceeds a
blood oxygen warning limit value, then an urgent commu-
nication may be called for. Based on this determination, the
data is stored for a later routine communication, numeral 36,
or the transceivers 62, 64 are activated for an urgent trans-
mission to the central unit 54, numeral 38.

The current warning limit determines whether the remote
monitoring unit 52 will establish a telephonic or other
communication link with the central unit 54 on an urgent,
immediate basis. In that event, the central unit 54 will be
called upon to provide assistance to the patient, either
directly or by contacting an emergency service provider, or
it may determine that in fact no emergency exists. It is
important that an urgent communication be established
when an emergency truly exists. It is also desirable that
instances of establishing communications where no emer-
gency exists be minimized in order to conserve battery
power of the remote monitoring unit, to minimize unneces-
sary cellular telephone time charges, and to minimize the use
of medical personnel who may be called upon unnecessarily
to review situations that are not truly emergencies.

To improve the efficiency of the system, revised warning
limits are selected, preferably but not necessarily without
human intervention (i.e., “automatically”), numeral 40. This
selection may be performed by the remote monitoring unit
52 in some cases and by the central unit 54 via the com-
munication link in other cases. Some revisions to the warn-
ing limits are mechanical in nature and almost certainly do
not require any human review. For example, if the sensitivity
of the sensor changes over time so that a voltage output
threshold warning limit that formerly was 9.60 millivolts is
to be altered to 9.55 millivolts in order to keep the system
sensitive to a constant level of signal amplitude, the change
in the warning limit may typically be made by the remote
monitoring unit 52. On the other hand, a change that is more
closely associated with a medical condition is more likely to
require a medical review. Thus, if a heartbeat frequency
warning limit of 100 beats per minute is to be changed to 120
beats per minute based on extended experience in order to
obtain a better indicator of when urgent communication is
required, it is preferred that the central processing unit 60 of
the central unit 54 make a recommendation based upon data
analysis and without human intervention, and then a human
being in the form of the patient’s doctor or a medical
technician approve the change under the human review 66.
Typically, such changes based upon a medical evaluation
occur relatively infrequently and may be made responsive to
a routine communication rather than an urgent communica-
tion.

A wide variety of grounds for a selection of a revised
warning limit are possible, but they generally fall into
several classes.

One ground is related to instrumentation, with an example
being the change in sensor sensitivity discussed above.

Another ground is a change in a warning limit based on
a single-valued measured physiological characteristic. For
example, a warning limit of 100 beats per minute may be a
significant predictor of distress and an emergency for a first
patient, but a second patient may naturally have a higher
heart rate slightly above this warning limit so that a warning
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limit of 100 beats per minute produces many unnecessary
urgent communications. Experience gained over time with
the second patient will establish a more realistic warning
limit for the second patient.

Another ground is a correlation between two or more
measured physiological characteristics. For example, a
heartbeat rate in excess of 100 beats per minute may signify
distress if the patient is at rest and the respiration rate is less
than 15 breaths per minute. A heartbeat in excess of 100
beats per minute may be quite normal if the patient is
exercising and the respiration rate is equal to or greater than
15 breaths per minute. On the other hand, in the latter case
a heartbeat in excess of 130 beats per minute even with a
respiration rate faster than 15 breaths per minute may signal
an emergency. The heartbeat warning limit may thus be
selected responsive to the respiration rate.

Another ground is a correlation of a measured physiologi-
cal characteristic with a nonphysiological parameter. For
example, a heartbeat of 100 beats per minute may be quite
normal for 16 hours per day, but during sleep periods from
11 pm to 7 am such an increase in the sleeping heartbeat rate
to 100 beats per minute may signify an emergency. The
warning limit may therefore correlate to absolute time
according to daytime/nighttime activity, or it may correlate
to a Circadian rhythm of the patient. In another example, if
the remote monitoring unit is equipped with an
accelerometer, a heartbeat rate in excess of 100 beats per
minute coupled with a high temporary accelerometer read-
ing may indicate that the patient has fallen and is injured but
unable to otherwise communicate.

Another ground is a complete change in the information
required from the interpretation step 28. It may initially be
believed that a good objective correlator of distress in a
patient is a heartbeat rate. Over time, however, it is found
that the occurrence of more than three premature ventricular
contractions (PVCs) per hour is a more dependable predictor
of distress in the patient and an emergency situation. The
interpretation step 28 is therefore shifted from a heartbeat
count to a waveshape analysis.

The present invention is not intended to identify each
specific type of revision that may be made in the warning
limits. In fact, there are as many possibilities for types of
revisions as there are patients to be monitored. The point of
the present invention is to provide a technique and a meth-
odology to allow an adaptive updating of the decision
making of the monitoring apparatus as to whether an urgent
communication is required instead of a routine communi-
cation.

Although a particular embodiment of the invention has
been described in detail for purposes of illustration, various
modifications and enhancements may be made without
departing from the spirit and scope of the invention.
Accordingly, the invention is not to be limited except as by
the appended claims.

What is claimed is:

1. A method of monitoring a patient, comprising the steps

establishing a current warning limit for a physiological

characteristic of the patient;

providing a sensor for the physiological characteristic;

measuring a measured value of the physiological charac-

teristic of the patient using the sensor;

comparing the measured value and the current warning

limit, and generating a warning signal responsive to the
step of comparing; and

selecting a revised warning limit responsive to at least one

of the steps of providing and measuring.
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2. The method of claim 1, including an additional step,
after the step of selecting, of

a human being reviewing the revised warning limit.

3. The method of claim 1, wherein the step of providing
includes the steps of

obtaining the sensor, and

determining the operating characteristics of the sensor,
and wherein the step of selecting is responsive to the
step of determining the operating characteristics of the
Sensor.

4. The method of claim 1, wherein the step of selecting is
responsive to the step of measuring.

5. The method of claim 1, wherein the step of measuring
is performed as a function of time, and wherein the step of
selecting is responsive to a value of time.

6. The method of claim 1, wherein the step of selecting is
additionally responsive to a second physiological character-
istic.

7. The method of claim 1, wherein the step of selecting is
additionally responsive to a patient history.

8. The method of claim 1, including an additional step of
providing a monitoring apparatus including

a remote monitoring unit associated with the patient,

a central unit, and

a communications device which selectively establishes a

communications link between the remote monitoring
unit and the central unit responsive to a warning signal,
and wherein the step of selecting is performed at least
in part by the central unit.

9. The method of claim 1, wherein the physiological
characteristic is a characteristic of the heart.

10. The method of claim 1, wherein the step of selecting
is performed without human intervention.

11. A method of monitoring a patient, comprising the
steps of providing a monitoring apparatus including

a remote monitoring unit associated with the patient,

a central unit, and

a communications device which selectively establishes a

communications link between the remote monitoring
unit and the central unit responsive to a warning signal;

establishing a current warning limit for a physiological
characteristic of the patient;

providing a sensor for the physiological characteristic as
a part of the remote monitoring unit;

measuring a measured value of the physiological charac-
teristic of the patient using the sensor;

comparing the measured value and the current warning
limit;
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generating a warning signal responsive to the step of
comparing;

selecting a revised warning limit responsive to at least one
of the steps of providing a sensor, comparing, and
measuring, and substituting the revised warning limit
for the current warning limit, the step of selecting being
performed at least in part by the central unit; and

repeating the steps of providing a sensor, measuring, and
comparing.
12. The method of claim 11, including an additional step,
after the step of selecting, of

a human being reviewing the revised warning limit.
13. The method of claim 11, wherein the step of providing
includes the steps of

obtaining the sensor, and

determining the operating characteristics of the sensor,
and wherein the step of selecting is responsive to the
step of determining the operating characteristics of the
Sensor.
14. The method of claim 11, wherein the step of selecting
is responsive to the step of measuring.
15. The method of claim 11, including an additional step,
after the steps of providing and measuring, of

comparing the measured value and the current warning

limit, and

generating a warning signal responsive to the step of

comparing.

16. The method of claim 11, wherein the step of selecting
is performed without human intervention.

17. A method of monitoring a patient, comprising the
steps of establishing a current warning limit for a physi-
ological characteristic of the patient;

providing a sensor for the physiological characteristic;

evaluating the characteristics of the sensor as a function of

time;
measuring a measured value of the physiological charac-
teristic of the patient as a function of time using the
Sensor;

comparing the measured value and the current warning
limit generating a warning signal responsive to the step
of comparing; and

selecting a revised value of the warning limit responsive

to at least one of the steps of providing and measuring.

18. The method of claim 17, wherein the step of selecting
is performed without human intervention.

#* #* #* #* #*
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Heartrak ECAT Reports

universal
medical

INCORPORATED
A MEDNET COMPANY

The Heartrak ECAT™ offers physicians the latest technology in extended daily cardiac monitoring.
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Hearirak
CAT

@ External Cardiac Ambulatory Telemetry

ECAT MONITOR SPECIFICATIONS

PHYSICAL

Dimensions 2.9 height x 2.1 width x .7 thickness (in)
7.4 height x 5.3 width x 1.8 thickness (cm)

Weight (with battery) 90gm (3.17 02)

Transmit mode Bluetooth 2.0 SPP profile

Carrier RF range (open space) 10 m (32.8 ft)

Bandwidth 0.05to 30 Hz

Sampling rate 205 Hz

ADC resolution 8 Bits

Input impedance

(with supplied leads) @5 Hz =2 MOhms minimum

Leads 3,2 channels

Total recording time 30 days continuous
Memory hold time 10 years minimum
Type 1.5V "AA” alkaline (1)
Life 5 days

Warranty 1 year

For more information, contact your Heartrak ECAT Sales Representative:

universal
C medical

INCORPORATED
A MEDNET COMPANY
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Mednet Healthcare Technologies, Inc. Mobile Cardiac Telemetry
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M MAILINGLIST
mednet( o

HEALTHCARE TECHNOLOGIES INC.

ABOUT US SERVICES PRODUCTS PATIENT-LINK NETWORK LOGIN NEWS CAREERS

SERVICES MOBILE CARDIAC TELEMETRY

MOBILE CARDIAC TELEMETRY Heartrak ECAT (External Cardiac Ambulatory Telemetry) offers physicians and patients the latest remote
monitoring technique in arrhythmia detection and analysis.

CARDIAC EVENT

| Your email |

Because Heartrak ECAT is convenient for patients to use, patients are more likely to comply with

HOLTER monitoring requirements. Patients are connected by electrodes and discreet lead-wires to a small, pager-
sized monitor that is typically worn on the patient’s waistline. Patients can go about their normal day-to-
PATIENT-LINK NETWORK day activities without being concerned about finding a landline telephone and calling the monitoring

center to transmit or upload their ECG recordings.

The monitor contains proprietary algorithms that continuously analyze each heartbeat for rhythms that
may be of clinical concern. Either when the algorithm detects a heartbeat rhythm of concern or when a
CONTINUOUS PATIENT patient experiences a symptom and presses the record button, Heartrak ECAT will immediately send
MONITORING ECG data to the monitoring center via cellular telephony network. Because Heartrak ECAT records every
heart beat for up to 30 days of monitoring, any recording time of clinical interest or significance can be
“fetched” remotely and presented to a clinician for further analysis.

ECG DATA SENT

WIRELESSLY Key Advantages:

= Prescribed for up to 30 days of continuous monitoring to detect illusive arrhythmia or quantify
arrhythmia burden;

= ECG recordings actively sent (via Cellular) without requiring patient involvement;

DATA IMMEDIATELY

ANALYZED
= Multi-channel, digital ECG signal (compared to acoustic analog telephone event recorder/signal
transmitter);
STREAMLINED = Summary Reports with sample ECG recordings that validate existence and quantify persistence of
REPORTING rhythm abnormalities;

= Active voice service on Cell Communicator provides for prompt, 2-way voice communication between
patient and Mednet, when necessary.

ABOUT US | SERVICES | PRODUCTS | PATIENT-LINK NETWORK LOGIN | NEWS | CAREERS | CONTACT US

http://www.mednethealth.net/services_mobile.shtml[5/2/2012 7:49:06 PM]


http://www.mednethealth.net/about_us.shtml
http://www.mednethealth.net/services.shtml
http://www.mednethealth.net/products.shtml
https://www.mednetaccess.net/
http://www.mednethealth.net/news.shtml
http://www.mednethealth.net/careers.shtml
http://www.mednethealth.net/contact_us.shtml
http://www.mednethealth.net/
http://www.mednethealth.net/about_us.shtml
http://www.mednethealth.net/services.shtml
http://www.mednethealth.net/products.shtml
https://www.mednetaccess.net/
http://www.mednethealth.net/news.shtml
http://www.mednethealth.net/careers.shtml
http://www.mednethealth.net/services.shtml
http://www.mednethealth.net/services_cardiac_event.shtml
http://www.mednethealth.net/services_holter.shtml
http://www.mednethealth.net/services_patient_link.shtml
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AMI Cardiac
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login

About Al Contact Us

N

i

R Physician ?  Enroll Your

cardiac monitoring § Login . Patient

Patient Instructions - Heartrak ECAT

Heartrak ECAT (External Cardiac Ambulatory Telemetry)

Heartrak ECAT services includes the Heartrak ECAT device which continuously records a patient’s ECG rhythm from
external electrodes. Segments of the ECG data are automatically (without patient intervention) transmitted to a remote
surveillance center via cellular signal. There is a Mobile Cardiac Telemetry device algorithm that determines the
segments of the rhythm that are triggered automatically and selected for transmission; this includes a rapid or slow
heart rate, or may be triggered by the patient when various symptoms are experienced.

The surveillance center is attended 24/7/365 and technicians can respond to the rhythm or device alert transmissions
from the patient as they are generated and transmitted to the surveillance location.

The technology provides for continuous, real-time data analysis by preprogrammed algorithms in the device, as well as
attended surveillance of the transmitted rhythm segments. The surveillance center technician will evaluate any
arrhythmias, review the data, and may notify the physician on the prescribed notification criteria.

ECAT Package Contents

o Heartrak ECAT Monitor w/ Holster/Clip

e Patient Lead Set

¢ Communicator w/ Holster/Clip

¢ Communicator Charger

o AA Batteries (1 per every 5 days enrolled)

e Electrodes (3 per every 1 day enrolled)

e Patient Handbook

e Pre-paid FED-EX return envelope

ECAT Monitor highlights

e 90 grams w/ (1) AA Battery
» 5 day battery life on (1) AA Duracell®
¢ Real-time ECG analysis on Monitor (not communicator like competitors)

e Capable of recording every heartbeat for 30 days, areas of interest are available at
the request of the physician during the service period and for 7 days following the
end of service

e 3-leads, 2-Channel

o Event types =>Patient, Trigger, Trends (all with remotely customizable timings)

ECAT Communicator highlights

http://www.amicardiac.com/patients/patient-instructions/ecat[5/2/2012 7:54:25 PM]


http://www.amicardiac.com/user
http://www.amicardiac.com/client-support
http://www.amicardiac.com/sites/amicardiac.com/files/amimonitorapplication.pdf
http://www.amicardiac.com/services
http://www.amicardiac.com/services
http://www.amicardiac.com/patients
http://www.amicardiac.com/patients
http://www.amicardiac.com/about-ami-cardiac
http://www.amicardiac.com/about-ami-cardiac
http://www.amicardiac.com/about-ami-cardiac
http://www.amicardiac.com/client-support
http://www.amicardiac.com/client-support
http://www.amicardiac.com/client-support
http://www.amicardiac.com/contact-us
http://www.amicardiac.com/contact-us

AMI Cardiac
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e Maintains ‘Active’ Communication between ECAT and Monitoring Center up to 30
feet

e Leverages AT&T'’s expansive 3G and EDGE wireless data footprint

¢ Active voice services enable prompt, 2-way voice communication between patient
and Monitoring Center to correlate symptoms/activities with patient-activated
recordings

e User-friendly screen indicates ECAT Communicator Bluetooth® status as well as
End of Service Message

¢ Recommend to charge each night while patient is sleeping within 30 feet of patient
to maintain Active monitoring

Central Monitoring Center provides 24/7/365 data review

o Highly skilled cardiac technicians triage all ECG recordings and promptly prepare
reports so that patient treatment decisions can be made without delay.

« Urgent or emergent events are confirmed by the Monitoring Center and
Transmission Reports are immediately sent to the physician for review based on
mutually agreed notification criteria.

o ECAT daily and study overview reports provide rapid review of monitoring results,
graphing heart rate and cardiac rhythm data and trends.

e Doctors, clinicians and patients can access support at anytime for ECAT monitoring
studies.

ECAT Triggers & Data

ECAT can record up to 30 days of continuous ECG memory, every heart beat, no data ’
compression at 200 samples/second.

AMI Cardiac Monitoring

To speak with a clinician about scheduling a meeting 17810 Meeting House Road Suite 210

or demo of services, call us toll-free at: 800-785-4354 Sandy Spring, Maryland 20860

Home | Services | Patients | About AMI Cardiac | Client Support | Contact Us
Copyright © 2012 AMI Cardiac Monitoring. All rights reserved.

Site Designed and Developed by Unleashed Technologies, LLC.

http://www.amicardiac.com/patients/patient-instructions/ecat[5/2/2012 7:54:25 PM]
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http://www.amicardiac.com/patients
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http://www.amicardiac.com/client-support
http://www.amicardiac.com/contact-us
http://www.unleashed-technologies.com/
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ECAT DA I LY R E PO RT 275 Phillips Blvd, Ewing, NJ 08618

&) Telephone: (800) 222-2842 Fax: (800) 840-6937
Patient Information Physician Information
Name: CONNIE CALDWELLE Phone: (360) 621-6478 R.F.1: CARDIOLOGY CONSULTANTS OF OH
ID #: ECAT 3606216456 T Monitor Type: Heartrak ECAT R.F.2: DR. Doctor ECAT
DOB: 10/28/1947 Sex: Female Serial #: 990729 RE3:
Diag: 427.32 Atrial Flutter T

2/27/2010 - Day 23 of 30 for Enrollment Period: 2/5/2010 - 3/6/2010

Heart Rate and AF Trending Graph
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Recorded Time

Legend: . - Atrial Fibrillation. AF episodes lasting less than 10 minutes are graphed as 10 minute segments. ®— ' Maximum Heart Rate === Average Heart Rate ="=" Minimum Heart Rate

ECAT Observations

Monitoring Duration: 23 hours 34 minutes 100 Daily Percentage
Heart Rate Activation Counters AF Statistics 80
Min: 68 bpm at 10:05 AM 2/27/2010 Study to Date Total Time in AF: 7 hours 3 minutes 60
Max: 111 bpm at 12:35 AM Patient: 0 5 Max HR in AF: 111 bpm at 12:35 AM 40 30%
Average: 80 bpm Auto-Triggers: 0 1 Longest AF Episode: 6 hours 10 minutes 20 8%
at 12:00 AM
AFib Tachy Brady

* ECAT Observations are based on average heart rate measurements. All times are reported in Eastern Standard Time.

Comments:

Prepared by: Physician Signature:
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Recorded Date Trigger Type Transmission Date Findings
2/27/2010 12:10:48 AM TREND 2/27/2010 12:57:11 PM A-FIB/A-FLUTTER

Trending ECG Recorded: 2/27/2010 12:10:48 AM EST - Trend
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Recorded Date Trigger Type Transmission Date Findings
2/27/2010 5:10:00 AM TREND 2/27/2010 1:00:50 PM |A-FIB/A-FLUTTER/ PVC
Trending ECG Recorded: 2/27/2010 5:10:00 AM EST - Trend 25 mm/sec 10 mm/mV
i Ht A
} = 7 J’:\\II JA\! _/-\;I _/AV V V.J P/\_/ \“\J’ -\’/v A a—~d N 74 A\ N
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Recorded Date Trigger Type Transmission Date Findings
2/27/2010 1:07:29 PM TREND 2/27/2010 1:49:24 PM  SINUS RHYTHM/ PAC

Trending ECG Recorded: 2/27/2010 1:07:29 PM EST - Trend 25 mm/sec 10 mm/mV
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Recorded Date Trigger Type Transmission Date Findings
2/27/2010 1:37:29 PM TREND 2/27/2010 1:49:42 PM  SINUS TACHYCARDIA

Trending ECG Recorded: 2/27/2010 1:37:29 PM EST - Trend 25 mm/sec 10 mm/mV
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CAT”

ECAT END OF STUDY REPO

BEA) o cuovcasunon e

T

dms-service lic
Telephone: (866 374-0105

Patient Information Physician Information
Name: Phone: R.F.1: CARDIOLOGY CONSULTANTS
ID #: ECAT 3606216456 T Monitor Type: Heartrak ECAT R.F.2: DR. Doctor ECAT
DOB: 10/28/1947 Sex: Female Serial #: 99072 RE3:
Diag: 427.32 Atrial Flutter T

Enrollment Period: 2/5/2010 - 3/6/2010 (30 days)

Heart Rate and AF Trending Graph
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on Day 8 at 11:38 PM

* ECAT Observations are based on average heart rate measurements. All times are reported in Eastern Standard Time.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 29 30
Recorded Day
Legend: . - Atrial Fibrillation. AF episodes lasting less than 10 minutes are graphed as 10 minute segments. = "= Maximum Heart Rate mm==_Average Heart Rate “""" Minimum Heart Rate
o _ _ ECAT Observations
Monitoring Duration: 655 hours 30 minutes )
Aggregated Daily Percentage
. . . 100

Heart Rate Activation Counters AF Statistics 50
Min: 59 bpm on Day 21 - 02/25/2010 Patient: 7 Total Time in AF: 120 hours 4 minutes 60
Max: 158 bpm on Day 27 - 03/03/2010 Auto-Triggers: 1 Max HR in AF: 12833;171M0n Day 27 at 40
Average: 75 bpm ' _ 20 [

Longest AF Episode: 14 hours 0 minutes 4- 2% 1%

AFib Tachy Brady

Comments:
patient had AF with high-v rate of 160

Prepared by:

Physician Signature:
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Day Recorded Date Trigger Type Symptoms Findings Rate
# (bpm)
1 02/05/2010 11:23 PM Patient RHYTHM STRIP / DX: A FIB SINUS RHYTHM 735-77.1
1 02/05/2010 11:54 PM Trend SINUS RHYTHM
2 02/06/2010 11:28 AM Trend SINUS RHYTHM
2 02/06/2010 6:28 PM Trend SINUS RHYTHM
3 02/07/2010 11:54 PM Trend SINUS RHYTHM
4 02/08/2010 12:39 PM Trend SINUS RHYTHM AND SINUS BRADYCARDIA
4 02/08/2010 6:21 PM Trend SINUS RHYTHM AND SINUS TACHYCARDIA
5 02/09/2010 9:58 AM Trend SINUS BRADYCARDIA
5 02/09/2010 2:40 PM Trend SINUS TACHYCARDIA
5 02/09/2010 11:29 PM Trend SINUS RHYTHM/PAC'S
6 02/10/2010 7:17 PM Trend SINUS RHYTHM/PACS
7 02/11/2010 1:15 AM Trend SINUS RHYTHM/PACS
7 02/11/2010 9:18 AM Trend SINUS RHYTHM
8 02/12/2010 3:55 AM Trend SINUS RHYTHM/PAC'S
8 02/12/2010 12:38 PM Trend A-FIB/A-FLUTTER
8 02/12/2010 1:57 PM Auto AUTO-TRIGGER A-FIB 110 - 140
9 02/13/2010 1:35 AM Trend A-FIB/A-FLUTTER
9 02/13/2010 4:46 AM Trend
9 02/13/2010 2:21 PM Patient ATTEMPTED TO CALL PATIENT FOR SYMPTOMS - NO  ATRIAL FIBRILLATION 70 -110

REPLY
9 02/13/2010 8:34 PM Trend A-FIB/ PVCS
9 02/13/2010 8:44 PM Trend SINUS RHYTHM
10 02/14/2010 12:29 AM Trend SINUS RHYTHM
10 02/14/2010 4:11 AM Trend SINUS RHYTHM / PACs
11 02/15/2010 9:40 AM Trend SINUS RHYTHM, PVC
11 02/15/2010 3:53 PM Trend SINUS RHYTHM
11 02/15/2010 6:14 PM Trend SINUS RHYTHM, PACS
12 02/16/2010 3:42 AM Trend SINUS RHYTHM

Page 2 of 4
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Day Recorded Date Trigger Type Symptoms Findings Rate
# (bpm)
13 02/17/2010 7:24 AM Trend SINUS RHYTHM

13 02/17/2010 10:30 PM Trend SINUS RHYTHM

14 02/18/2010 12:20 AM Trend SINUS RHYTHM

14 02/18/2010 1:22 AM Patient PT ACTIVATION - NO SYMPTOMS GIVEN A-FIB 90 - 100
14 02/18/2010 2:58 AM Patient PT ACTIVATION - NO SYMPTOMS GIVEN A-FIB/PVC 90 - 110
14 02/18/2010 3:40 AM Trend A-FIB, PVC

15 02/19/2010 1:17 AM Patient PT ACTIVATION - NO SYMPTOMS GIVEN A-FIB/A-FLUTTER 80 - 100
15 02/19/2010 3:50 AM Trend A-FIB

15 02/19/2010 9:32 AM Trend SINUS RHYTHM/ PVC

16 02/20/2010 11:38 AM Trend SINUS RHYTHM

16 02/20/2010 8:41 PM Trend SINUS RHYTHM

17 02/21/2010 7:17 PM Trend SINUS RHYTHM/PAC

18 02/22/2010 5:48 AM Trend SINUS RHYTHM

18 02/22/2010 1:01 PM Trend SINUS RHYTHM AND SINUS BRADYCARDIA

19 02/23/2010 4:58 AM Trend SINUS RHYTHM

19 02/23/2010 6:09 AM Trend SINUS BRADYCARDIA

19 02/23/2010 7:44 PM Trend SINUS BRADYCARDIA

20 02/24/2010 5:28 AM Trend SINUS RHYTHM AND SINUS BRADYCARDIA

20 02/24/2010 5:12 PM Trend SINUS RHYTHM

21 02/25/2010 6:24 AM Trend SINUS BRADYCARDIA

22 02/26/2010 12:13 AM Trend SINUS RHYTHM

22 02/26/2010 2:09 AM Trend A-FIB/PVC

23 02/27/2010 12:10 AM Trend A-FIB/A-FLUTTER

23 02/27/2010 5:10 AM Trend A-FIB/A-FLUTTER/ PVC

23 02/27/2010 1:07 PM Trend SINUS RHYTHM/ PAC

23 02/27/2010 1:37 PM Trend SINUS TACHYCARDIA

24 02/28/2010 8:34 AM Trend SINUS RHYTHM AND SINUS BRADYCARDIA

24 02/28/2010 8:37 PM Trend SINUS RHYTHM

Page 3 of 4
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Day Recorded Date Trigger Type Symptoms Findings Rate
# (bpm)
25 03/01/2010 12:29 AM Trend SINUS RHYTHM

25 03/01/2010 1:28 PM Trend SINUS RHYTHM / PVC

26 03/02/2010 9:00 PM Trend SINUS RHYTHM

26 03/02/2010 9:10 PM Trend A-FIB/A-FLUTTER

27 03/03/2010 2:22 AM Patient PT ACTIVATION - NO SYMPTOMS GIVEN A-FIB 120 - 150
27 03/03/2010 1:23 PM Trend ATRIAL FIBRILLATION

27 03/03/2010 3:39 PM Patient FLUTTERING A-FIB 90 - 110
27 03/03/2010 10:27 PM Trend ATRIAL FIBRILLATION/ATRIAL FLUTTER

28 03/04/2010 1:50 AM Trend A-FIB

28 03/04/2010 4:00 AM Trend SINUS RHYTHM

29 03/05/2010 12:03 AM Trend SINUS RHYTHM

29 03/05/2010 8:07 AM Trend SINUS RHYTHM

Page 4 of 4
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service beyond the call

5. 510(k) Summary or 510(k) Statement /‘< 053535

DEC 15 2008
Date: October 30, 2008

Submitter/Owner: Universal Medical, Inc. _

Officlal Contact Person Authorized by the Submitter:
Mark Job, Third-Party Reviewer
Regulatory Technology Services, LLC
1394 25th Street, NW .
Buffalo, MN 55313
Telephone: 763 682 4139
FAX: 763 682 4420
Email: mark@markjob.com

Device Type: cardiac event recorder; electrocardiograph transmitter
Device Class: [}

Regulation
Number 870.2920

Review Panel: Cardiovascular

Basis for the :
Submission: . new design incorporating wireless technology.

Prge | oF “

tel 800.606.5511 « fax B00.889.5415 « 275 Phillips Blvd, Ewing, NJ 08618 » www.mednethealth.net
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HEALTHCARE TECHNOLOGIES INC. Cardiac Monitoring Serdces PO et Compory

service beyond the call

Predicate Devices
Predicate devices for which Universal Medical, Inc. is claiming equivalence:

510(k) Trade or Model | Manufacturer Classlification Product
Number | Name Name Code
K071130 | Heartrak Smart Universal Medical, transmitters and DXH
AF Inc. receivers,
electrocardiograph,
telephone 870.2920
K060811 | Cg-6108 Card Guard Scientific | transmitters and DXH
Arrhythmia ECG | Survival, Lid. receivers,
Event Recorder electrocardiograph,
telephone
870.2920
Device Description

Heartrak Smart ECAT is a cardiac event recorder that is used to continuously scan and capture
ECG signals. Patients can use Heartrak Smart ECAT to capture ECG data both before and after
they experience a cardiac symptom. Heartrak Smart ECAT can capture and automatically record
asymptomatic, infrequent, or illusive arrhythmia events such as Bradycardia, Tachycardia, and
Atrial Fibrillation.

Heartrak Smart ECAT can store up to 30 days of ECG data in its memory. The physician can use
& compatible wireless device to set event recording times and autotriggering parameters and then
upload them to a patient’s monitor.

Using wireless technology, Heartrak Smart ECAT, when placed within range (less than 10
meters) of an RF compatible receiver, uploads recorded ECG waveform and ECG parameter data
to the receiver. When data upload is complete, data can be reviewed and analyzed at a
physician’s office, clinic, or monitoring center.

The physician is to instruct the patient on the proper use and care of the Heartrak Smart ECAT
monitor. Patients should be told to contact their physician if they have any further questions.

Intended Use

Heartrak ECAT is a hand-held, portable, externally applied, cardiac event rccorder,
electrocardiograph transmitter.

(ﬁ:\je 2 oF 1

tel 800.606.5511 - fax B0O.889.5415 « 275 Phillips 8lvd., Ewing, NJ 08618 - www.mednethealth.net
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service beyond the call

Indications for Use

Heartrak Smart ECAT is a wireless ambulatory, multi-channel, continuous ECG event recorder
with embedded arrhythmia detection algorithms. Heartrak Smart ECAT registers symptomatic
and asymptomatic cardiac events triggered by a patient manually or auto-triggered by embedded
arrhythmia detection algorithms. Using wireless technology, Heartrak Smart ECAT, when placed
within range of an RF compatible receiver, uploads recorded ECG waveform and ECG
parameter data to the receiver. When data upload is complete, data can be reviewed and analyzed
at a physician’s office, clinic, or monitoring center.

Heartrak Smart ECAT does not deliver any energy, administer any drugs, make any diagnosis, or
control a patient’s life. Heartrak Smart ECAT is for prescription use only.

pA(-j r O OF T
- tel BOO.606.5511 ~ fax B0O.889.5415 « 275 Phillips Blvd,, Ewing, NJ 08618 - www.mednethealth.net
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SERVICES, .
® 4,
# )

DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

. AEALTy
o ¥ 2y,

,
Yikvgan

food and Drug Administration
9200 Corporate Boulevard
Rockville MD 20850

DEC 15 2008

Universal Medical, Inc.

¢/o Mr. Mark Job

Repgulatory Technology Services, LLC
1394 25™ Street NW

Buffalo, Minnesota 55313 -

Re: K083535
Trade/Device Name: Heartrak Smart ECAT
Regulation Number: 21 CFR 870.2920
Regulation Name: Telephone Electrocardiograph Transmitter and Receiver
Regulatory Class: Class I
Product Code: DXH
Dated: November 26, 2008
Received:  November 28, 2008

Dear Mr. Job:

We have reviewed your Section 510(k) premarket notification of intent to market the device .
referenced above and have determined the device is substantially equivalent (for the indications
for use stated in the enclosure) to legally marketed predicate devices marketed in interstate
commerce prior to May 28, 1976, the enactment date of the Medical Device Amendments, or to
devices that have been reclassified in accordance with the provisions of the Federal Food, Drug,
and Cosmetic Act (Act) that do not require approval of a premarket approval application (PMA).
You may, therefore, market the device, subject to the general controls provisions of the Act. The
general controls provisions of the Act include requirements for arinual registration, listing of
devices, good manufacturing practice, labeling, and prohibitions against misbranding and
adulteration,

If your device is classified (see above) into either class II (Special Controls) or-class ITf (PMA), it
may be subject to such additional controls. Existing major regulations affecting your device can

- be found in the Code of Federal Regulations, Title 21, Parts 800 to 898. In addition, FDA may
publish further announcements concerning your device in the Federal Register.
Please be advised that FDA’s issuance of a substantial equivalence determination does not mean
that FDA has made a determination that your device complies with other requirements of the Act
or any Federal statutes and regulations administered by other Federal agencies. You must
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comply with all the Act’s requirements, including, but not limited to: registration and listing (21
CFR Part 807); labeling (21 CFR Part 801); good manufacturing practice requirements as set
forth in the quality systems (QS) regulation (21 CFR Part 820); and if applicable, the electronic
product radiation control provisions (Sections 531-542 of the Act); 21 CFR 1000-1050.

This letter will allow you to begin marketing your device as described in your Section 510(k)
premarket notification. The FDA finding of substantial equivalence of your device to a legally
marketed predicate device results in a classification for your device and thus, petrmits your device
to proceed to the market,.

If you desire specific advice for your device on our labeling regulation (21 CFR Part 801), please
contact the Center for Devices and Radiological Health’s (CDRH’s) Office of Compliance at
(240) 276-0120. Also, please note the regulation entitled, "Misbranding by reference to
premarket notification” (21CFR Part 807.97). For questions regarding postmarket surveillance,
please contact CDRH’s Office of Surveillance and Biometrics’ (OSB’s) Division of Postmarket
Surveillance at 240-276-3474. For questions regarding the reporting of device adverse events
(Medical Device Reporting (MDR)), please contact the Division of Surveillance Systems at 240-
276-3464. You may obtain other general information on your responsibilities under the Act from
the Division of Small Manufacturers, International and Consumer Assistance at its.toll-free
number (800) 638-2041 or (240) 276-3150 or at its Internet address

http://www.fda.gov/cdrh/industry/support/index htm].

Sincerely yours,
DV u_.vm |

Bram D. Zuckerman, M.D.
Director .
Division of Cardiovascular Devices
Office of Device Evaluation
Center for Devices and
Radiological Health

Enclosure
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mednet ( * JHeartCare (Quugng

HEALTHCARE TECHNGLOGIES INC. Cardiac Moniting Services SRt ot

service beyond the call

4. Indications for Use Statement

510(k) Number (if knovwn): LOF3SBS™
Device Name: Heartrak Smart ECAT
Indications for Use

Heartrak Smart ECAT is a wireless ambulatory, multi-channel, continuous ECG event
recorder with embedded arrhythmia detection algorithms, Heartrak Smart ECAT registers
symptomatic and asymptomatic cardiac events triggered by a patient manually or auto-
triggered by embedded arrhythmia detection algorithms. Using wireless technology, Heartrak
Smart ECAT, when placed within range of a compatible RF receiver, uploads recorded ECG
waveform and ECG parameter data to the receiver. When data upload is complete, data can be
reviewed and analyzed at a physician’s office, clinic, or monitoring center.

Heartrak Smart ECAT does not deliver any energy, administer any drugs, make any diagnosis,
or control a patient’s life. Heartrak Smart ECAT is for prescription use only.

Prescription Use X AND/OR  Over-The-Counter Use

(Part 21 CFR 801 Subpart D) (21 CFR 801 Subpart C)

DAAnS R\ VLM
(Division Sign-Off)
Division oi Cardiovascular Devices

510(k) Number_¥ 0§35 35

tel BOO.6D6.5511 « fax 860.889.5415 + 275 Phillips Blvd,, Ewing, NJ 08618 + www.mednethealth.net
vii .
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US007587237B2
a2 United States Patent 10) Patent No.: US 7,587,237 B2
Korzinov et al. 45) Date of Patent: Sep. 8, 2009
(54) BIOLOGICAL SIGNAL MANAGEMENT 5,365,935 A 11/1994 Righter et al.
75 . . 5,383,909 A 1/1995 Keimel
(75) Inventors: LeY Korzinov, San Diego, CA (US); 5.413.594 A /1995 Williams
Eric Baumann, San Diego, CA (US)
5421342 A 6/1995 Mortara
(73) Assignee: CardioNet, Inc., San Diego, CA (US) 5,487,754 A 1/1996 Snell et al.
. . o . 5490515 A 2/1996 Mortara
(*) Notice: Subject. to any dlsclalmer,. the term of this 5.513.645 A 5/1996 Tacobson ef al.
patent is extended or adjusted under 35
U.S.C. 154(b) by 393 days.
21) Appl. No.: 10/770,702
(1) Appl. No ’ (Continued)
(22) Filed:  Feb.2,2004 FOREIGN PATENT DOCUMENTS
(65) Prior Publication Data WO WOS901803 3/1989
US 2005/0171448 A1 Aug. 4, 2005
(51) Imt.ClL
A61B 5/04 (2006.01) (Continued)
(52) US.CL o 600/509
(58) Field of Classification Search .................. 607/18; OTHER PUBLICATIONS
Lo . 600/509 Wang, J.Y. “A New Method for Evaluating ECG Signal Quality for
See application file for complete search history. Multi-lead Arrhythmia Analysis,” Proceedings of IEEE Computers in
(56) References Cited Cardiology Conference 2002, pp. 85-88.

U.S. PATENT DOCUMENTS

Primary Examiner—Mark W Bockelman
Assistant Examiner—Fric D Bertram

4,223,678 A 9/1980 Langer et al. . o .
4295474 A 10/1981 Fischell (74) Attorney, Agent, or Firm—Fish & Richardson P.C.
4,336,810 A * 6/1982 Andersonetal. ........... 600/515
4622979 A 11/1986 Katchis et al. 67 ABSTRACT
4,625,730 A 12/1986 Fountain et al.
4,630,204 A 12/1986 Mortara
4,920,489 A 4/1990 Hubelbank et al. Systems and techniques for managing biological signals. In
4,938,228 A 7/1990  Righter et al. one implementation, a method includes receiving a cardiac
4,951,681 A 8/1990 Mortara bi . . . . . o
) iological signal that includes information describing events,
5,012,814 A 5/1991 Mills et al. d .. it of each based £
5.086.778 A 5/1992 Mueller ef al. etermining a merit of each event based on one or more of a
5,113,869 A 5/1992 Nappholz et al. severity of a cardiac condition associated with the event and a
D326,716 S 6/1992 Mortara quality of the event, and handling a subset of the events that
5,191,891 A 3/1993 Righter meet a merit criterion. The subset can be handled for medical
5197479 A 3/1993 Hubelbank et al. J—
5,226,425 A 7/1993 Righter
5,312,446 A 5/1994 Holschbach et al.
5,355,892 A 10/1994 Saltzstein et al. 39 Claims, 7 Drawing Sheets
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BIOLOGICAL SIGNAL MANAGEMENT

BACKGROUND

This disclosure relates to the management of biological
signals.

Biological signals are electrical or optical streams that
include information describing or otherwise relating to the
state of a biological system. In the medical context, biological
signals generally include information relating to the physi-
ological state of an organism. Such information can be used to
diagnose and treat disease states of the organism and can be
gathered using any of a number of different techniques.
Examples of such techniques include electrical potential
measurements (e.g., electrocardiography (ECG’s), elec-
tromyography, and electroencephalography), blood and other
body fluid analyte measurements (e.g., pulse oximetry, blood
glucose concentration, blood pH and other ion concentra-
tions), and mechanical measurements (e.g., blood pressure
measurements, heart sound transduction, height and weight
measurements).

SUMMARY

The biological signal management systems and techniques
described here may include various combinations of the fol-
lowing features.

In one aspect, a method includes receiving a cardiac bio-
logical signal that includes an event relevant to a medical
purpose, determining a merit of the event for the medical
purpose, associating the event with a time span in which the
event occurred if the event’s merit is among a certain number
of'the most meritorious events that occurred in the time span,
and handling the association of the time span and the event.

The merit of the event can be determined by determining
the severity and the quality of the event. The quality of the
event can be determined by determining the noise in the event.
An event can be received after the event has been separated
from another portion of the cardiac biological signal. The
event can also be identified within the received cardiac bio-
logical signal. The event can be one or more of an asystole
event, a tachycardia event, a bradycardia event, and an atrial
fibrillation/flutter event based on identitying characteristics
of these events. The event can be identified based on a fre-
quency of heart beats.

A category of the event can be determined. The event can
be associated with the time span when the event merit places
the event within the certain number of the most meritorious
events of the category. The number of the most meritorious
events can be predetermined. The association can be handled
by generating a data structure having a time stamp associated
with the event or by transmitting the association to a remote
receiver. The event can have a greater relevance to a medical
diagnostic purpose than an average relevance of the biologi-
cal signal.

In another aspect, a method includes receiving a cardiac
biological signal that includes information describing events,
determining a merit of each event based on one or more of a
severity of a cardiac condition associated with the event and a
quality of the event, and handling a subset of the events that
meet a merit criterion.

The subset can be handled for medical purposes. The merit
criterion can be based on merits of other events. The merit of
each event can be determined based on both the severity and
the quality of the event. The subset can be the events that have
merits among a certain number of the most meritorious and
the subset can be the events that occur within a certain time
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span. For example, the time span can be predetermined. The
subset of events can be transmitted to a remote medical
receiver.

In another aspect, a method includes receiving a biological
signal, identifying an event in the biological signal, determin-
ing a merit of the event for the certain purpose, comparing the
merit of the event with a second merit of a second event to
identify a more meritorious event, creating an episode
describing the more meritorious event, associating the epi-
sode with a time span in which the events occurred, and
transmitting the association of the episode and the time span
to a remote receiver. The event can have a greater relevance
for a certain purpose than an average relevance of the biologi-
cal signal.

The episode can be associated with the time span by cre-
ating a data structure including the episode and a time stamp
indicating when the event occurred. The episode can be cre-
ated by redacting the more meritorious event. A category of
the event can also be determined. The merit of the event can
be compared with the second merit of the second event of the
same category. The association of the episode and the time
span can be associated with a collection of associations of
episodes and time spans. The resulting collection of associa-
tions of episodes and time spans can be transmitted to the
remote receiver.

These biological signal management systems and tech-
niques may provide one or more of the following advantages.
For example, the management of biological signals can facili-
tate a coherent approach to organization and presentation of
the information contained in the biological signals. Such
management must address various objectives that often
oppose one another. For example, the volume of data often
should be reduced to minimize data handling costs. At the
same, relevant information should not be lost. These objec-
tives are of importance in the medical context, where data
review may be carried out by a physician or other trained
personnel and hence may prove costly. On the other hand,
discarding medically relevant information may hinder or
even prevent appropriate diagnosis and/or treatment.

The described biological management systems and tech-
niques can address these and other objectives by increasing
the average relevance of data that is handled. Such reductions
in data clutter can be used to quickly provide physicians with
relevant information, decreasing the cost of data review and
increasing the likelihood that diagnosis and/or treatment is
appropriately delivered.

Another set of opposing objectives relates to the timing of
data handling. In many data handling systems, continuous
handling of data is simply too costly. On the other hand, batch
handling that only occurs occasionally may resultin improper
delays. These objectives are also of importance in the medical
context, where continuous data handling may be unnecessary
or too costly, but delayed handling may endanger patients.

The described biological management systems and tech-
niques can address these and other objectives by selecting the
timing of data handling to accommodate both the realities of
data handling and the need to ensure patient safety. For
example, the timing of handling can be selected to ensure
timeliness in any prophylactic or diagnostic efforts without
requiring continuous processes.

The details of one or more implementations are set forth in
the accompanying drawings and the description below. Other
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features, objects, and advantages will be apparent from the
description and drawings, and from the claims.

DESCRIPTION OF DRAWINGS

FIG. 1 shows a system in which a biological signal is
monitored for medical purposes.

FIG. 2 shows an example biological signal.

FIG. 3 shows a series of events in the biological signal of
FIG. 2.

FIG. 4 illustrates how certain characteristics can be used to
identify events.

FIGS. 5 and 6 show the biological signal of FIG. 2 divided
into a collection of time spans.

FIGS. 7 and 8 show data structures that associate one or
more events with a time span.

FIG. 9 shows a process in which events are associated with
a time span.

FIG. 10 shows a process for determining a measure of the
merit for an event.

FIG. 11 shows a data structure that can result from handling
of events associated with time spans.

FIG. 12 shows a data assembly that can result from han-
dling of events associated with time spans.

FIGS. 13 and 14 illustrate the handling of events associated
with time spans by transmission to a receiver.

FIG. 15 shows a system in which events associated with
time spans are handled by transmission to a receiver.

Like reference symbols in the various drawings indicate
like elements.

DETAILED DESCRIPTION

FIG. 1 shows a system 100 in which a biological signal
derived from an individual is monitored for medical purposes.
System 100 includes an individual 105, instrumentation 110,
a signal path 115, and a receiver 120. Individual 105 canbe a
patient or a healthy individual for whom monitoring of one or
more biological signals is deemed to be appropriate. Instru-
mentation 110 can include one or more sensing, calibration,
signal processing, control, data storage, and transmission ele-
ments suitable for generating and processing the biological
signal, as well as relaying all or a portion of the biological
signal over path 115. Path 115 can be any suitable medium for
data transmission, including wired and wireless media suit-
able for carrying optical and/or electrical signals. The
receiver 120 can include a receiver element for receiving the
transmitted signal, as well as various data processing and
storage elements for extracting and storing the information
carried by the transmission regarding the state of individual
105. The receiver 120 can be a medical system in that receiver
120 presents information to medical personnel or to a medical
expert system for analysis. The receiver 120 either can reside
remotely from instrumentation 110 in that receiver 120 is not
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located at the same site (e.g., at the same hospital, nursing
home, or other medical care facility) as instrumentation 110
or the receiver 120 can reside within the same general area or
vicinity as instrumentation 110 (e.g., within the same room,
building, or health care facility).

FIG. 2 shows an example of a biological signal 200. The
biological signal 200 is a time variant signal in that an
attribute 205 of biological signal 200 changes with time 210.
Attribute 205 of biological signal 200 may continuously
change with time and may never reach a steady state value as
activity level, metabolic rate, or other factors vary over the
course of days, weeks, or even longer periods of time.

Although attribute 205 of biological signal 200 may
change continuously, all of the changes may not have the
same relevance to a particular purpose for which the biologi-
cal signal 200 is monitored. FIG. 3 shows the biological
signal 200 having a series of events 305, 310, 315, 320, 325,
330, 335, 340, 345 identified. Events 305, 310, 315, 320, 325,
330,335, 340, 345 generally are periods in time 210 when the
information content of biological signal 200 is deemed to be
of increased relevance to a particular purpose for which bio-
logical signal 200 is monitored. Events 305, 310, 315, 320,
325,330, 335, 340, 345 need not be of equal or predetermined
duration. For example, event 335 is shorter than event 320 and
the duration of these and other events can depend on the
nature of the increased relevance to the particular purpose for
which biological signal 200 is monitored.

The increased relevance of events 305, 310, 315, 320, 325,
330, 335, 340, 345 can be determined using a number of
approaches. For example, events 305, 310, 315, 320, 325,
330, 335, 340, 345 can represent responses to known or
controlled stresses on an organism.

Events 305,310, 315, 320, 325, 330, 335, 340, 345 also can
be identified based on characteristics of biological signal 200
and classified into categories based on the identifying char-
acteristics. Tables 1 and 2 lists example categories of cardiac
events and characteristics that can be used to identify the
events. The characteristics identified in Tables 1 and 2 can be
used to identify events during cardiac monitoring using elec-
trocardiography.

FIG. 4 illustrates an example of how the characteristics
identified in Table 1 can be used to identify cardiac events. In
this example, the attribute 205 of biological signal 200 that
changes with time 210 (shown in seconds) is heart rate
(shown in beats per minute (bpm)). In the illustrated example,
the predetermined heart rate for identifying Moderate Brady-
cardia is 60 bpm and the predetermined duration is 40 sec-
onds. The predetermined heart rate for identifying Severe
Bradycardia is 40 bpm and the predetermined duration is 15
seconds.

In FIG. 4, heart rate attribute 205 drops below 60 bpm at
time 405, where it remains until

TABLE 1

Event Category Identifying Characteristic(s) Duration
VFIB Ventricular fibrillation NA
Long Pause/ No QRS detected for a predetermined duration. e.g.,3to6
Asystole seconds
VTACH Four or more V-beats in row and heart rate more 4 V-beats

than a predetermined value (e.g., 100 to 200 bpm).

Not associated with a VFIB event
Patient Patient indicates event is occurring Patient selected

initiated event
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TABLE 1-continued

Event Category Identifying Characteristic(s) Duration
Severe Heart rate over a predetermined time (e.g., 10 to 120 e.g., 10 to 120
Tachycardia seconds) is greater than a predetermined value (e.g., seconds

161 to 220 bpm)

Not associated with a VTACH or a VFIB event
Severe Heart rate over a predetermined time (e.g., 10 to 120 e.g., 10 to 120
Bradycardia seconds) is less than a predetermined value (e.g., 30 seconds

to 39 bpm)

Not associated with an asystole or pause event
Atrial Heart rate greater than or equal to a predetermined e.g., 10 to 120
Fibrillation/ value (e.g., 100 to 220 bpm) seconds
Flutter with Associated with an Atrial Fibrillation/Flutter onset
High HR event
Pause No QRS complex for a predetermined duration (e.g., e.g., 2 seconds

2 seconds to duration of Long Pause/Asystole event) to duration of

Long Pause/
Asystole event

Atrial Irregular rhythm e.g., 30 QRS
Fibrillation/ Not associated with a VTACH and VFIB event complexes
Flutter onset
Moderate Heart rate for a predetermined duration (e.g., 10 to e.g., 10 to 120
Bradycardia 120 seconds) is less than a predetermined value and  seconds

greater than predetermined value in a severe

bradycardia event (e.g., severe bradycardia value to

60 bpm)

Not associated with an asystole, a pause, or a severe

bradycardia event
Moderate Heart rate for a predetermined duration (e.g., 10 to e.g., 10 to 120
Tachycardia 120 seconds) is greater than a predetermined value  seconds

and less than predetermined value in a severe
tachycardia event (e.g., 100 bpm to the severe
tachycardia value)

Not associated with a VTACH, a VFIB, or a severe
tachycardia event

time 410, 40 seconds later. The period between time 405 and Bradycardia event. At time 430, heart rate attribute 205 again
time 410 can be identified as a Moderate Bradycardia event. 35 drops below 40 bpm, where it remains until time 435, five
In contrast, at time 415, heart rate attribute 205 drops below seconds later. The duration of the period between time 430

40 bpm where it remains until time 420, ten seconds later. and time 435 is too short to be identified as a Severe Brady-
Heart rate attribute 205 also reaches a minimum of35 bpm at cardia event.
a time 425. Despite reaching this minimum, the duration of FIGS. 5 and 6 show that time 215 can be divided into a

the period between time 415 and time 420 (i.e., 10 seconds)is 40 collection of time spans 505, 510, 515, 520, 525, 605, 610,
too short to be identified as a Severe

615, 620, 625. Spans 505, 510, 515, 520, 525, 605, 610, 615,

TABLE 2
EXAMPLE
EVENT IDENTIFYING IDENTIFYING
CATEGORY CHARACTERISTICS THRESHOLD
TACHYCARDIA Sustained heart rate (e.g., heart rate for 10 to 1 - Sustained heart rate exceeds
1 - Severe Tachycardia 120 seconds) exceeds a heart rate threshold ~ a High Heart Rate (HHR)
2 - Moderate threshold of 190 bpm
Tachycardia 2 - Sustained heart rate exceeds
a Low Heart Rate (LHR)
threshold of 140 bpm
ATRIAL Loss of synchrony between the atria and the 1 - Heart rate exceeds a Atrial
FIBRILLATION ventricles (shown, e.g., by variability in Fibrillation High Heart Rate
1 - Atrial Fibrillation/  beat-to-beat period) (AFHHR) threshold of 130 bpm
Flutter with High 2 - No heart rate threshold
HR
2 - Atrial Fibrillation
PAUSE No QRS detected for a specified threshold 1 - No QRS for a high threshold
1 - Asystole duration of 4 seconds
2 - Pause 2 - No QRS for a low threshold
of 2 seconds
BRADYCARDIA Sustained heart rate (e.g., heart rate for 10to 1 - Sustained heart rate is below
1 - Severe Bradycardia 120 seconds) is below a specified threshold ~ a Low Heart Rate (LHR)
2 - Moderate threshold of 35 bpm
Bradycardia 2 - Sustained heart rate is below

a High Heart Rate (HHR)
threshold of 40 bpm
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620, 625 can have equal durations (such as spans 505, 510,
515, 520, 525) or spans can be of variable durations (such as
spans 605, 610, 615, 620, 625). In general, the duration of
spans 505, 510, 515, 520, 525, 605, 610, 615, 620, 625 is
proportional to the duration of the events sought to be iden-
tified. The duration of spans 505, 510, 515, 520, 525, 605,
610, 615, 620, 625 can be selected based on consideration of
two or more factors, such as the number of events likely to
occur in each span and the need to handle events for a par-
ticular purpose for which biological signal 200 is monitored.
In particular, if spans 505, 510, 515, 520, 525, 605, 610, 615,
620, 625 are too short, then spans 505, 510, 515, 520, 525,
605,610, 615, 620, 625 may lack an event. On the other hand,
if spans 505, 510, 515, 520, 525, 605, 610, 615, 620, 625 are
too long, then the delay in handling events may be too large.
Such a delay may be particularly harmful in the medical
context, where an excessive delay may hinder prophylactic or
diagnostic efforts. In the context of cardiac monitoring, a span
duration of between one half and four hours, such as between
one and three hours or approximately two hours, is effective
to address such considerations.

The duration of spans 505, 510, 515, 520, 525, 605, 610,
615, 620, 625 can also accommodate physiological rhythnis
of a biological system. For example, in cardiac monitoring,
longer spans may be appropriate at night or periods of
decreased activity and shorter spans may be appropriate dur-
ing the day or periods of increased activity. The duration of
spans 505, 510, 515, 520, 525, 605, 610, 615, 620, 625 can
also be adjusted based on an attribute of biological signal 200.
For example, in cardiac monitoring, the duration of spans
505, 510, 515, 520, 525, 605, 610, 615, 620, 625 can include
a fixed number of beats rather than a fixed time period.

FIGS. 7 and 8 show data structures 700, 800 that associate
one or more sample events with a span. Data structures 700,
800 can be used together or separately as alternative
approaches to associating events with a span. Data structure
700 includes an event field 705 and a time stamp field 710.
Event field 705 includes data describing a portion of a bio-
logical signal that has been identified as an event. Event field
705 can include raw data drawn from the biological signal or
event field 705 can include an episode of an event to describe
the event. An episode is a collection of information that sum-
marizes the relevance of the event to the purpose for which the
event is monitored. For example, an episode can be a redacted
portion of an event (e.g., the first three minutes worth of the
event). Time stamp field 710 includes data describing the time
when the event described in event field 705 occurred. Time
stamp field 710 can thus associate the event with a span by
identifying a time that falls within the time span.

Data structure 800 is shown as a table of attribute-value
pairs but other data structures (including, for example,
records, files, lists, and other data structures) that associate
similar information can be used. Data structure 800 includes
an event category information field 805, span identification
information field 810, and allocation information fields 815,
820, 825. Event category information field 805 describes one
or more event categories that are allocable to data structure
800. An event category can be described by name, by an
associated identification number or other token, or by a
pointer or other description of a memory location that
includes such information. Span identification information
field 810 describes the time span from which events of a
category identified in event category information field 805 are
allocable to data structure 800. The time span can be
described directly using, e.g., a start and stop time stamp, or
the time span can be described indirectly by a pointer or other
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description of a memory location that includes such informa-
tion. Each instance of data structure 800 can be specific to a
single span.

Allocation information fields 815, 820, 825 each describe
a certain event that is allocated to data structure 800. An event
can be allocated to data structure 800 when the event is of a
category described in event category information field 805
and when the event occurred in a time span described in span
identification information field 810. Such allocations thus
associate the event with the described category and time span.
Allocation information fields 815, 820, 825 can describe an
event by including an event field and a time stamp field, such
as fields 705, 710 of data structure 700 (FIG. 7).

Data structure 800 can include one or more allocation
information fields. Single allocation fields decrease the size
of data structure 800 and may facilitate handling. Multiple
allocation fields increase the number of events associated
with the span identified by span identification information
field 810 and may provide more complete information when
data structure 800 is handled.

FIG. 9 shows a process 900 in which events are associated
with atime span. Events can be associated with a time span by
allocation to a data structure such as data structures 700, 800.
The process 900 can be performed by one or more data
processing devices that perform data processing activities.
The activities of process 900 can be performed in accordance
with the logic of a set of machine-readable instructions, a
hardware assembly, or a combination of these and/or other
instructions. The device performing process 900 can be
deployed at any of a number of different positions in a system
in which a biological signal is monitored. For example, in
system 100 (FIG. 1), the device performing process 900 can
be deployed at instrumentation 110 or at receiver 120.

The device performing process 900 receives the biological
signal at 905. The biological signal can be received in raw
form or after signal processing. The biological signal can be
received in digital or analog format. The receiving device can
identify and classify one or more events in the biological
signal at 910. Events can be identified and classified based on
one or more attributes of the biological signal, such as the
identifying characteristics described in Table 1.

The device performing process 900 can also determine a
measure of the merit of identified events at 915. A measure of
the merit of an event is a valuation of an event when applied
to a particular purpose. For example, when the biological
signal is monitored for diagnostic medical purposes, the mea-
sure of the merit of an event can describe the diagnostic value
of the information content of the event. The measure of the
merit of an event can be based on a number of factors, includ-
ing whether or not the event is representative of the biological
signal or of other events of the same category in the biological
signal, the quality (e.g., noise or signal dropout) associated
with the event, and even the category of the event itself.

The device performing process 900 can determine if the
measure of the merit of an event identified at 910 is greater
than the measure of the merit of the least meritorious event of
the same category currently associated with the time span that
includes the identified event at decision 920. The least meri-
torious event of the same category can be associated with the
time span in a data structure such as data structures 700, 800
(FIGS. 7 and 8). The determination can be made by compar-
ing the measure of the merit of the identified event with the
measure of the merit of the associated, least meritorious event
of the same category. If the identified event is not as merito-
rious, the device performing process 900 can discard the
identified event at 925.
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On the other hand, if the identified event is more meritori-
ous than the associated, least meritorious event of the same
category, then the device performing process 900 can discard
the latter at 930 and associate the more meritorious event
identified at 910 with the time span at 935. For example, the
device performing process 900 can allocate the more merito-
rious event identified at 910 to the appropriate of fields 715,
805, 810 in data structures 700, 800 (FIGS. 7 and 8).

The device performing process 900 can determine if the
end of a time span in the biological signal has been reached at
decision 940. If the end of the span has not been reached, the
process 900 returns to 910 to identify and classify any addi-
tional event(s) in the biological signal. If the end of the span
has been reached, the process proceeds to handle the allocated
events at 945. The events can be handled alone or in associa-
tion with other information, including duration and classifi-
cation information, prior and subsequent events of the same
or different categories, and additional information retrieved

from other biological signals.
TABLE 3

Event Event
Category Grade
VFIB 1
Long Pause/ 1
Asystole
VTACH 1
Patient initiated 1
event
Severe 1
Tachycardia
Severe 1
Bradycardia
Atrial 2
Fibrillation/
Flutter with
High HR
Pause 2
Atrial 2
Fibrillation/
Flutter onset
Moderate 2
Bradycardia
Moderate 2
Tachycardia

FIG. 10 shows a process 1000 for determining a measure of
the merit of an event. A data processing device can perform
the process 1000 in isolation or as part of a larger process. For
example, the process 1000 can be performed within process
900 at 915 (FIG. 9). The device performing process 1000 can
determine the severity of an event at 1005. The severity of an
event is a measure of the gravity of the event to the purpose for
which the biological signal is monitored. For example, when
the biological signal is monitored for diagnostic medical pur-
poses, the severity of an event can be indicative of the indi-
vidual’s physical discomfort or hardship associated with a
diagnosis that can be made using the event. Severity can be
graded on a discrete scale or on a continuous scale. Table 3
shows example discrete grades of the severity of various
cardiac events when cardiac monitoring is performed for
prophylactic and diagnostic purposes. In Table 3, events are
graded on a two point scale, with an event grade of “1”
indicating that the event is more severe and an event grade of
“2” indicating that the event is less severe (e.g., a moderately
sever event). For example, event grade “1” can indicate an
acute medical condition that requires immediate medical
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attention, whereas event grade “2” can indicate a chronic or
other medical condition that does not require immediate
medical attention.

Another approach to determining the severity of an event
involves comparing characteristics of the biological signal
during the event with threshold values relating to various
physiological conditions associated with the events. For
example, for a tachycardia event as described in Table 2, the
severity of a tachycardia event can be determined using Equa-
tion 1:

Tachy Severity=(Heart Rate-Low Heart Rate)/(High

Heart Rate-Low Heart Rate) Equation 1

Similarly, the severity of a Bradycardia event, and Atrial
Fibrillation Event, and a Pause event can be determined using
the appropriate of Equations 2-4:

Brady Severity=(High Heart Rate~Low Heart Rate)/

(High Heart Rate~Low Heart Rate) Equation 2
AFIB Severity=Heart Rate/Atrial Fibrillation High

Heart Rate Equation 3
Pause Severity=(Pause Duration-Low Threshold)/

(High Threshold-~Low Threshold) Equation 4

The device performing process 1000 can also determine
the quality of the event at 1010. The quality of the event is a
measure of the likelihood that the event is suited to the pur-
pose for which the biological signal is monitored. One factor
that can impact quality is the amount or type of noise in the
biological signal during the event. For example, when the
biological signal is a cardiac signal monitored for diagnostic
medical purposes, noise can be determined using approaches
such as those described in Wang, J. Y. “A New Method for
Evaluating ECG Signal Quality for Multi-lead Arrhythniia
Analysis,” appearing in Proceedings of IEEE Computers in
Cardiology Conference 2002, pp. 85-88 and U.S. Pat. No.
5,967,994 to Jyh-Yun Wang, the contents of both of which are
incorporated herein by reference. Quality can be graded on a
discrete scale or on a continuous scale.

TABLE 4

Severity Noise Quality
Low High Lowest
Low Medium Low
Low Low Low
Medium High Low
Medium Medium Medium
Medium Low High
High High Low
High Medium High
High Low High

The device performing process 1000 can determine the
measure of the merit of an event based at least in part on the
severity and quality of the event at 1015. The measure of the
merit can be graded on a discrete scale or on a continuous
scale. The measure of the merit can be determined using any
of a number of different approaches. Table 4 includes
examples of various discrete merit grades (lowest, low,
medium, and high) that can be assigned to an event when an
event is determined to have the corresponding severity and
quality.

The handling of allocated events, such as those allocated
during a process such as process 900, can involve any of a
number of different activities. For example, event handling
can include notifying medical personnel about the event.
Such notification can be performed in response to the identi-
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fication of an event associated with an acute medical condi-
tion, such as those events graded level “1” in Table 3. Event
handling can also include the assembly of more complex data
structures, the transmission of allocated events to, for
example, a receiver such as receiver 120 (FIG. 1), or the
storage of allocated events (for example, in anticipation of
assembly into more complex data structures or transmission).
Such data structure assembly, transmission, and storage can
be performed with events associated with medical conditions
that do not require immediate medical attention, such as those
graded level “2” in Table 3.

FIG. 11 shows a data structure 1100 that can result from
handling of events associated with time spans. The events and
time spans can be associated by repeated performance of
process 900 by a data processing device. Data structure 1100
includes a data assembly 1105, a series of associated events
1110, and a series of discarded events 1115. Data assembly
1105 includes a collection of time span records, including
time span records 1120, 1125, and 1130. Time span records
1120, 1125, 1130 can include information identifying the
duration of an associated time span. For example, time span
record 1120 can include information identifying that span
record 1120 lasts from 12 AM to 6 AM, whereas time span
record 1130 can include information identifying that span
record 1130 lasts from 4 PM to 6 PM. Time span records
1120, 1125, 1130 can include information identifying one or
more categories of events associated with time span records
1120, 1125, 1130, as well as a severity of any associated
category of events. For example, data structure 1100 can be
devoted to events of a certain severity, such as level 2 events
as discussed above.

Associated events 1110 includes a collection of event
records of one or more categories, including event records
1135, 1140, 1145, 1150. Associated events 1110 can be allo-
cated to the time spans in data assembly 1105 by allocation to
an appropriate time span record. Event records can include
data describing the event (such as raw data from the relevant
portion of biological signal 200). Associated events 1110 can
be allocated to the appropriate time span records through a
series of pointers 1155. For example, event records 1135,
1140, 1145 are allocated to time span record 1120 through a
first pointer 1155, whereas event record 1150 is associated
with time span record 1125 through a second pointer 1155. A
time span record need not have an associated event record.
For example, no event record is associated with time span
record 1130. This lack can reflect that no appropriate event
was identified within the time span associated with time span
record 1130.

Discarded events 1115 includes a collection of event
records of one or more categories. Discarded events 1115 are
not associated with the time spans in data assembly 1105 or
with any of allocated events 1110.

FIG. 12 shows another data assembly, namely a data col-
lection 1200, that can result from handling of events associ-
ated with time spans. Data collection 1200 includes a data
collection title 1205, data collection metadata 1210, and a
series of data structures 1215. Data collection title 1205 can
include information identifying data collection 1200. Data
collection metadata 1210 can include information about the
data in collection 1200, such as the subject of the biological
signal, parameters regarding the instrument used to generate
the biological signal, and date and location information
regarding the data generation process.

Series of data structures 1215 includes data structures
1220, 1225, 1230. Each data structure 1220, 1225, 1230 can
result from associating events of different categories with
time spans and can include one or more events of different
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categories. For example, each data structure 1220, 1225,1230
can include a data structure such as data structure 1100. Since
each data structure 1220, 1225, 1230 can include events from
different categories selected for high information content,
data collection 1200 can include a relatively large amount of
information regarding a biological signal but yet retain a high
density of information content.

FIGS. 13 and 14 illustrate another way that events associ-
ated with time spans are handled, namely by transmission to
a receiver in a system such as receiver 120 in system 100. In
particular, as shown in FIG. 13, data can be gathered and
events can be allocated at instrumentation 110 to form one or
more of assemblies of data such as data structures 700, 800,
1100 and data collection 1200. In response to a trigger, data
assemblies can be relayed over path 115 to receiver 120,
where they are received as shown in FIG. 14. Example trig-
gers include the passage of a predetermined period of time,
user input indicating that transmission is appropriate, or the
identification of an event of sufficient severity to warrant
immediate transmission.

FIG. 15 shows one implementation of system 100 in which
abiological signal derived from an individual is monitored for
medical purposes. System 100 includes individual 105,
instrumentation 110, signal path 115, and receiver 120.

Instrumentation 110 can be adapted for electrocardio-
graphic monitoring of individual 105. Instrumentation 110
can include a sensor module 1505 and a monitor module
1510. Sensor module 1505 can include three ECG leads with
electrodes, as well as a two channel ECG signal recorder and
a wireless and/or wired data output. Sensor module 1505 can
also include a clip for attaching sensor module to a belt, a
neckpiece, or other item worn by individual 105. Monitor
module 1510 includes a data input that is adapted to receive
data output from sensor module 1505 as well as one or more
wireless and/or wired data outputs for data communication
over signal path 115. Monitor module 1510 also includes a
data processing device that performs data processing activi-
ties in accordance with the logic of a set of machine-readable
instructions. The instructions can be realized in digital elec-
tronic circuitry, integrated circuitry, specially designed
ASICs (application specific integrated circuits), computer
hardware, firmware, software, and/or combinations thereof.
The instructions can describe how to identify and/or handle
events in accordance with one or more of the techniques
described herein. In one implementation, monitor module
1510 also includes an input/output device for interaction with
a user (such as an event trigger input with which a user can
manually trigger the start of an event.

Signal path 115 can include one or both of'a wired data link
1515 and a wireless data link 1520 coupled to a data network
1525 to place instrumentation 110 in data communication
with receiver 120. Wired data link 1515 includes a public
network portion 1530 and a private or virtual private network
portion 1535 bridged by a server 1540. Public network por-
tion 1530 provides for data communication between instru-
mentation 110 and server 1540 over a wired data link such as
a telephone network. Private network portion 1535 provides
for private or virtually private data communication from
server 1540 to receiver 120. Server 1540 can interface for data
communication with both portions 1530, 1535. For example,
server 1540 can communicate directly with receiver 120
using the peer-to-peer protocol (PPP).

Wireless data link 1545 can include one or more wireless
receivers and transmitters 1550 such as a WiFi receiver, a
cellular phone relay station, and/or other cellular telephone
infrastructure to place instrumentation 110 in data communi-
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cation with data network 1525. In turn, data network 1525
communicates with receiver 120.

Receiver 120 includes a receiver server 1555, a data storage
device 1560, a call router 1565, a communications server
1570, and one or more application servers 1575 that are all in
data communication with one another over one or more data
links 1580. Receiver server 1555 is a data processing device
that receives and transmits communications over signal path
115 and relays incoming communications to data storage
device 1560 and call router 1565 in accordance with the logic
of'a set of machine-readable instructions. Data storage device
1560 is a device adaptable for the storage of information. Data
storage device 1560 can be a volatile and/or non-volatile
memory that records information electrically, mechanically,
magnetically, and/or optically (such as a disk drive). Call
router 1565 is a data processing device that, in accordance
with the logic of a set of machine-readable instructions, iden-
tifies the content of an incoming communication and directs
the communication to one or more appropriate application
servers 1575 based on that content. Communications server
1570 is a data processing device that relays communications
between call router 1565 and one or more application servers
1575 over an external network. Application servers 1575 are
data processing devices that interact with a user or operate in
isolation to provide one or more monitoring services in accor-
dance with the logic of a set of machine-readable instructions.
Data links 1580 can be part of a local area and/or private
network or part of a wide area and/or public network.

In operation, sensor module 1505 can sense, amplify, and
record electrical signals relating to the activity of the heart.
Sensor module 1505 can also relay all or a portion of those
signals to monitor module 1510 where they can be managed.
For example, monitor module 1510 can manage the signals in
accordance with one or more of processes 900 and 1000
(FIGS. 9-10). As part of the management, monitor module
1510 can transmit the signals to receiver 120. The signals can
be transmitted in association with a time span. For example,
the signals can be transmitted in one or more of data structures
700, 800, 1100, 1200 (FIGS. 7-8 and 11-12).

The transmitted signals pass along data link 115 over one
or more of wired data link 1515 and wireless data link 1520 to
receiver 120. At receiver 120, the signals are received by
server 1555 which causes at least a portion of the incoming
signals to be stored on data storage device 1560 and relayed to
call router 1565. The incoming signals stored on data storage
device 1560 can be stored in one or more of data structures
700, 800, 1100, 1200 (FIGS. 7-8 and 11-12).

The incoming signals relayed to call router 1565 are
directed to one or more appropriate application servers 1575
based on the content of the signals. For example, when the
signal relates to a certain category of cardiac event, the signal
can be directed to a certain application server 1575 that is
accessible to a cardiologist having expertise with that certain
category of event. As another example, when the signal origi-
nates with an individual who is under the care of a particular
physician, the signal can be directed to a certain application
server 1575 that is accessible to that physician. As yet another
example, when the signal relates to a certain category of
cardiac event, the signal can be directed to a certain applica-
tion server 1575 that accesses an expert system or other set of
instructions for diagnosing and/or treating that category of
event. When appropriate, a signal can be routed to commu-
nications server 1570 which in turn relays the signal to the
appropriate application server 1575 over an external network.

Communications can also be relayed from receiver 120
back to individual 105 or to other individuals. For example,
when a physician or expert system identifies that care is
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needed, a message requesting that the individual seek care
can be returned to individual 105 over data link 115. In urgent
care situations, third parties such as medical personnel can be
directed to individual 105, either by receiver 120 or by instru-
mentation 110.

Various implementations of the systems and techniques
described here can be realized in digital electronic circuitry,
integrated circuitry, specially designed ASICs (application
specific integrated circuits), computer hardware, firmware,
software, and/or combinations thereof. These various imple-
mentations can include one or more computer programs that
are executable and/or interpretable on a programmable sys-
tem including at least one programmable processor, which
may be special or general purpose, coupled to receive data
and instructions from, and to transmit data and instructions to,
a storage system, at least one input device, and at least one
output device.

These computer programs (also known as programs, soft-
ware, software applications or code) may include machine
instructions for a programmable processor, and can be imple-
mented in a high-level procedural and/or object-oriented pro-
gramming language, and/or in assembly/machine language.
As used herein, the term “machine-readable medium” refers
to any computer program product, apparatus and/or device
(e.g., magnetic discs, optical disks, memory, Programmable
Logic Devices (PLDs)) used to provide machine instructions
and/or data to a programmable processor, including a
machine-readable medium that receives machine instructions
as a machine-readable signal. The term “machine-readable
signal” refers to any signal used to provide machine instruc-
tions and/or data to a programmable processor.

To provide for interaction with a user, the systems and
techniques described here can be implemented on a computer
having a display device (e.g., a CRT (cathode ray tube) or
LCD (liquid crystal display) monitor) for displaying infor-
mation to the user and a keyboard and a pointing device (e.g.,
amouse or a trackball) by which the user can provide input to
the computer. Other kinds of devices can be used to provide
for interaction with a user as well; for example, feedback
provided to the user can be any form of sensory feedback
(e.g., visual feedback, auditory feedback, or tactile feed-
back); and input from the user can be received in any form,
including acoustic, speech, or tactile input.

The systems and techniques described here can be imple-
mented in a computing environment that includes a back-end
component (e.g., as a data server), or that includes a middle-
ware component (e.g., an application server), or that includes
a front-end component (e.g., a client computer having a
graphical user interface or a Web browser through which a
user can interact with an implementation of the systems and
techniques described here), or any combination of such back-
end, middleware, or front-end components. The components
of the environment can be interconnected by any form or
medium of digital data communication (e.g., a communica-
tion network). Examples of communication networks include
alocal areanetwork (“LLAN”), a wide area network (“WAN™),
and the Internet.

The computing environment can include clients and serv-
ers. A client and server are generally remote from each other
and typically interact through a communication network. The
relationship of client and server arises by virtue of computer
programs running on the respective computers and having a
client-server relationship to each other.

A number of implementations have been described. Nev-
ertheless, it will be understood that various modifications
may be made. For example, information included in any of
the data structures can be handled as meta data describing the
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data structures themselves and hence still associated with the
data structures. An event can be associated with a time span
based on the merit of the event exceeding a certain threshold.
All events that exceed such a threshold can remain associated
with the time span, rather than be discarded. Accordingly,
other implementations are within the scope of the following
claims.

What is claimed is:

1. A method of monitoring a cardiac biological signal using
electrocardiographic monitoring instrumentation, compris-
ing:

receiving, at the electrocardiographic monitoring instru-

mentation, the cardiac biological signal that includes
information describing events, wherein events comprise
periods in time when an information content of the car-
diac biological signal is of increased relevance to a par-
ticular purpose and the events are demarcated by periods
of'time that are not of increased relevance to the particu-
lar purpose;

at the electrocardiographic monitoring instrumentation,

classifying the events into two or more categories based
on cardiac conditions indicated by the information
describing each event;

at the electrocardiographic monitoring instrumentation,

determining a measure of merit of the information
describing each event, wherein the measure of merit
embodies a severity of the cardiac condition associated
with the event and an amount of noise in the information
describing the event;

comparing, at the electrocardiographic monitoring instru-

mentation, the measure of merit of information describ-
ing each event with a first merit criterion;
transmitting, for medical purposes, information describing
a first proper subset of the events in a first of the catego-
ries that have merits meeting the first merit criterion
from the electrocardiographic monitoring instrumenta-
tion to a remote medical receiver, wherein the remote
medical receiver is not located at the same site at the
electrocardiographic monitoring instrumentation;
at the electrocardiographic monitoring instrumentation,
discarding information describing a second proper sub-
set of the events in the first of the categories that have
measures of merit that fail to meet the first merit crite-
rion;
comparing, at the electrocardiographic monitoring instru-
mentation, the measure of merit of information describ-
ing each event with a second merit criterion;

transmitting, for medical purposes, information describing
a third proper subset of the events in a second of the
categories that have measures of merit meeting the sec-
ond merit criterion from the electrocardiographic moni-
toring instrumentation to the remote medical receiver,
wherein the second category differs from the first cat-
egory and the second merit criterion differs from the first
merit criterion; and

at the electrocardiographic monitoring instrumentation,

discarding information describing a fourth proper subset
of the events in the second of the categories that have
measures of merit that fail to meet the second merit
criterion.

2. The method of claim 1, wherein the first merit criterion
is based on measures of merit of other events in the first of the
categories.

3. The method of claim 1, wherein transmitting the infor-
mation describing the first proper subset comprises transmit-
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ting the information describing events that have measures of
merit among a certain number of the most meritorious in the
first of the categories.

4. The method of claim 1, wherein:

the first proper subset of the events comprises events that
occur within a certain time span and excludes events
occurring outside the certain time span.

5. The method of claim 4, wherein:

the first proper subset of the events comprises events that
occur within a predetermined time span and excludes
events occurring outside the predetermined time span.

6. The method of claim 1, wherein receiving the cardiac

biological signal comprises receiving a measurement of elec-
trical potential.

7. The method of claim 1, wherein classifying the events

comprises classifying the events as one or more of an asystole
event, a tachycardia event, a bradycardia event, and an atrial
fibrillation/flutter event based on identitying characteristics
of these events.

8. The method of claim 1, wherein classifying the events

comprises classifying the events based on a frequency of
heart beats.

9. The method of claim 1, further comprising associating

information describing each event in the first proper subset
with information describing a time span in which the event
occurred.

10. The method of claim 9, wherein associating the infor-

mation describing each event in the first proper subset with
the information describing the time span comprises associat-

30 ing the information describing each event in the first proper

subset with the information describing the time span when the
event measure of merit is among a predetermined number of
the most meritorious events in the first of the categories.

11. The method of claim 9, wherein associating the infor-

mation describing each event in the first proper subset with
the information describing the time span comprises generat-
ing a data structure having a time stamp associated with the
information describing the event.

12. The method of claim 9, wherein associating informa-

40 tion describing each event in the first proper subset comprises

associating raw data drawn from an electrocardiogram with
information describing the time span in which the event
occurred.

13. The method of claim 9, wherein the cardiac biological

signal comprises a stream of information describing a state of
a heart of a biological system.

14. The method of claim 1, further comprising comparing

a first measure of merit of information describing a first event
with a second measure of merit of information describing a

50 second event to identify a more meritorious event.

60
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15. The method of claim 14, further comprising creating an

episode describing the more meritorious event.

16. The method of claim 15 wherein creating the episode

comprises summarizing a relevance of the information
describing the more meritorious event.

17. The method of claim 1, wherein the cardiac biological

signal comprises an electrocardiogram signal.

18. The method of claim 1, wherein:

a first event described in the cardiac biological signal has a
first duration;

a second event described in the cardiac biological signal
has a second duration; and

the first duration is not equal to the second duration.

19. The method of claim 1, wherein classifying the events

comprises classifying a first event as a tachycardia event.

20. The method of claim 1, wherein classifying the events

comprises classifying a first event as a bradycardia event.
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21. The method of claim 1, wherein classifying the events
comprises classifying a first event as an atrial fibrillation/
flutter event.
22. A method of monitoring a cardiac biological signal
using electrocardiographic monitoring instrumentation,
comprising:
receiving a cardiac biological signal that includes informa-
tion describing events at the electrocardiographic moni-
toring instrumentation, wherein events comprise peri-
ods in time when an information content of the cardiac
biological signal is of increased relevance to a particular
purpose and the events are demarcated by periods of
time that are not of increased relevance to the particular
purpose;
determining, at the electrocardiographic monitoring
instrumentation, a measure of merit of information
describing each event, wherein the measure of merit
embodies both the severity of the cardiac condition indi-
cated by the information describing the event and an
amount of noise in the information describing the event;

comparing, at the electrocardiographic monitoring instru-
mentation, the measure of merit of information describ-
ing each event with a merit criterion;

transmitting, for medical purposes, information describing

a first proper subset of the events that have measures of
merit meeting the merit criterion from the electrocardio-
graphic monitoring instrumentation to a remote medical
receiver; and

discarding information describing a second proper subset

of'the events that have measures of merit that fail to meet
the merit criterion at the electrocardiographic monitor-
ing instrumentation.

23. The method of claim 22, wherein determining the mea-
sure of merit of the information describing each event com-
prises determining the amount of noise in the information
describing the event.

24. The method of claim 22, wherein determining the mea-
sure of merit of the information describing each event com-
prises determining a signal dropout during the event.

25. An article comprising one or more machine-readable
media storing instructions operable to cause one or more
machines to perform operations for monitoring a cardiac
biological signal using electrocardiographic monitoring
instrumentation, the operations comprising:

receiving the cardiac biological signal that includes infor-

mation describing events, wherein events comprise peri-
ods in time when an information content of the cardiac
biological signal is of increased relevance to a particular
purpose and the events are demarcated by periods of
time that are not of increased relevance to the particular
purpose;

classifying the events into two or more categories based on

cardiac conditions indicated by the information describ-
ing each event;

determining a measure of merit of the information describ-

ing each event, wherein the measure of merit embodies
a severity of the cardiac condition associated with the
event and a an amount of noise in the information
describing the event;

comparing the measure of merit of information describing

each event with a first merit criterion;

transmitting, for medical purposes, information describing

a first proper subset of the events in a first of the catego-
ries that have merits meeting the first merit criterionto a
remote medical receiver, wherein the remote medical
receiver is not located at the same site at the electrocar-
diographic monitoring instrumentation;
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discarding information describing a second proper subset
of the events in the first of the categories that have
measures of merit that fail to meet the first merit crite-
rion;

comparing the measure of merit of information describing

each event with a second merit criterion;

transmitting, for medical purposes, information describing

a third proper subset of the events in a second of the
categories that have measures of merit meeting the sec-
ond merit criterion to the remote medical receiver,
wherein the second category differs from the first cat-
egory and the second merit criterion differs from the first
merit criterion; and

discarding information describing a fourth proper subset of

the events in the second of the categories that have
measures of merit that fail to meet the second merit
criterion.

26. The article of claim 25, wherein the first merit criterion
is based on measures of merit of other events in the first of the
categories.

27. The article of claim 25, wherein the operations further
comprise associating information describing each event in the
first proper subset with information describing a time span in
which the event occurred.

28. The article of claim 27, wherein associating the infor-
mation describing each event in the first proper subset with
the information describing the time span comprises associat-
ing the information describing each event in the first proper
subset with the information describing the time span in which
the event measure of merit is among a predetermined number
of the most meritorious events in the first of the categories.

29. The article of claim 27, wherein associating the infor-
mation describing each event in the first proper subset with
the information describing the time span comprises generat-
ing a data structure having a time stamp associated with the
information describing the event.

30. The article of claim 25, wherein the operations further
comprise creating an episode describing the more meritorious
event.

31. The article of claim 30, wherein creating the episode
comprises summarizing a relevance of the information
describing the more meritorious event.

32. The article of claim 25, wherein the cardiac biological
signal comprises an electrocardiogram signal.

33. The article of claim 25, wherein:

a first event described in the cardiac biological signal has a

first duration;

a second event described in the cardiac biological signal

has a second duration; and

the first duration is not equal to the second duration.

34. The article of claim 25, wherein classifying the events
comprises classifying a first event as a tachycardia event.

35. The article of claim 25, wherein classifying the events
comprises classifying a first event as a bradycardia event.

36. The article of claim 25, wherein classifying the events
comprises classifying a first event as an atrial fibrillation/
flutter event.

37. An article comprising one or more machine-readable
media storing instructions operable to cause one or more
machines to perform operations for monitoring a cardiac
biological signal using electrocardiographic monitoring
instrumentation, the operations comprising:

receiving a cardiac biological signal that includes informa-

tion describing events, wherein events comprise periods
in time when an information content of the cardiac bio-
logical signal is of increased relevance to a particular
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purpose and the events are demarcated by periods of
time that are not of increased relevance to the particular
purpose;

determining a measure of merit of information describing
each event, wherein the measure of merit embodies both
the severity of the cardiac condition indicated by the
information describing the event and an amount of noise
in the information describing the event;

comparing the measure of merit of information describing
each event with a merit criterion;

transmitting, for medical purposes, information describing
a first proper subset of the events that have measures of
merit meeting the merit criterion to a remote medical
receiver; and

20
discarding information describing a second proper subset
of the events that have measures of merit that fail to meet
the merit criterion.

38. The article of claim 37, wherein determining the mea-
sure of merit of the information describing each event com-
prises determining the amount of noise in the information
describing the event.

39. The article of claim 37, wherein determining the mea-

10 sure of merit of the information describing each event com-

prises determining a signal dropout during the event.
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CARDIAC MONITORING

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the priority of U.S. application Ser.
No. 10/762,887, filed on Jan. 21, 2004, now U.S. Pat. No.
7,194,300 as a continuation application. The contents of U.S.
application Ser. No. 10/762,887 are incorporated herein by
reference.

BACKGROUND

The following description relates to cardiac monitoring,
for example, by monitoring cardiac electrical activity.

The electrical activity of the heart can be monitored to track
various aspects of the functioning of the heart. Given the
volume conductivity of the body, electrodes on the body
surface or beneath the skin often display potential differences
related to this activity. Anomalous electrical activity can be
indicative of disease states or other physiological conditions
that can range from benign to deadly.

One example of such a physiological condition is atrial
fibrillation. Atrial fibrillation involves the loss of synchrony
between the atria and the ventricles. In complex atrial fibril-
lation, long-lived wavelets of depolarization travel along cir-
cular paths in the atria. This can lead to irregular ventricular
beating as well as blood stagnation and clotting in the atria.

Atrial fibrillation is among the most common forms of
cardiac arrhythmia and may affect more than two million
people annually. Atrial fibrillation has been associated with
stroke, congestive heart failure, and cardiomyopathy.

Another example of such a physiological condition is atrial
flutter. Atrial flutter also involves the loss of synchrony
between the atria and the ventricles. In atrial flutter, multiple
atrial waveforms reach the atrioventricular (AV) node during
each ventricular beat due to, e.g., atrial scars, an atrial infarc-
tion, or a re-entrant circuit encircling a portion of the right
atrium.

Atrial flutter is less common than atrial fibrillation but is
also associated with stroke, congestive heart failure, and car-
diomyopathy.

SUMMARY

The cardiac monitoring systems and techniques described
here may include various combinations of the following fea-
tures.

A method can include determining a beat-to-beat variabil-
ity in cardiac electrical activity; determining a relevance of
the variability to one of atrial fibrillation and atrial flutter
using a non-linear statistics, identifying one of an atrial fibril-
lation event and an atrial flutter event based on the determined
relevance. The event is a period in time when the information
content of the cardiac electrical activity is of increased rel-
evance.

The end of the event can be identified based on the deter-
mined relevance. An event state associated with atrial fibril-
lation can be transitioned into in response to identification of
the event. The event can be transmitted to a remote receiver
from an ambulatory patient. The relevance of the variability to
atrial fibrillation can be determined by receiving information
identifying a ventricular beat and assigning a preset value
indicating that the variability is negatively indicative of atrial
fibrillation.

A ventricular tachycardia event can be identified based at
least in part on the information identifying the ventricular

20

25

30

35

40

45

50

55

60

65

2

beat. The relevance of the variability to atrial fibrillation can
be determined by determining an average relevance of vari-
ability in a collection of R to R intervals.

The beat-to-beat variability can be determined in a series of
successive beats, e.g., by determining the variability in an
interval between successive R-waves. The event can be iden-
tified by comparing the relevance of the variability to a first
predetermined amount of relevance. Further, the relevance of
the variability in the event can be compared to a second
predetermined amount of relevance to identify the end of the
event. The second predetermined amount can be lower than
the first predetermined amount.

A method can include collecting information describing
the variability in heart rate over a series of beats, designating
variability at a lower end of physiological values as being
largely irrelevant to atrial fibrillation, designating variability
in a midrange of physiological values as being indicative of
atrial fibrillation, designating variability in an upper range of
physiological values as being negatively indicative of atrial
fibrillation, and determining a relevance of the variability
described in the collection to atrial fibrillation.

The variability can be designated by multiplying the infor-
mation describing the variability by a weighting factor. Infor-
mation describing a variability in R to R intervals over a series
of beats can be collected. The collected information can be a
function ofaratio of a first R to R interval and an immediately
preceding R to R interval, such as information related to
factor DRR(n) as given by

RR(n,n—-1) 1
DRR(n) = ABS( ]

RRm,n—- D)+ RRn-1,n-2) 2)

The variability at the lower end of physiological values can
be designated as being largely irrelevant by designating infor-
mation related to factors DRR(n) less than about 0.0.2 as
being largely irrelevant. The variability at the midrange of
physiological values can be designated as being indicative of
atrial fibrillation by designating information related to factors
DRR(n) greater than about 0.02 and less than about 0.15 as
being indicative of atrial fibrillation. The variability at the
upper range of physiological values can be designated as
being negatively indicative of atrial fibrillation by designating
information related to factors DRR(n) greater than about
0.157 as being negatively indicative of atrial fibrillation.

Information describing the variability can be collected by
collecting the variability in heart rate over a series of between
20 and 200 of the recent R to R intervals. The determined
relevance of the variability can be the relevance of the vari-
ability to sustained atrial fibrillation. The series of R to R
intervals can be a continuous series of R to R intervals.

A method can include comparing recent R to R intervals
with preceding R to R intervals to yield a collection of com-
parisons, weighting the comparisons according to a likeli-
hood that the comparisons are relevant to atrial fibrillation,
and determining the average relevance of the collection to
atrial fibrillation. The weighting can include identifying a first
of'the recent beats as a ventricular beat and assigning a preset
value to weight the first beat in the collection. The preset value
can be negatively indicative of atrial fibrillation.

The comparisons can be weighted by designating variabil-
ity at a lower end of physiological values as being largely
irrelevant to atrial fibrillation and designating variability in a
midrange of physiological values as being indicative of atrial
fibrillation. The comparisons can also be weighted by desig-
nating variability in an upper range of physiological values as
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being negatively indicative of atrial fibrillation. A ventricular
tachycardia event can be identified based at least in part on the
identification of the ventricular beat. Recent R to R intervals
can be compared with immediately preceding R to R intervals
to yield a collection of comparisons.

The cardiac monitoring systems and techniques may pro-
vide one or more of the following advantages. Atrial fibrilla-
tion (“AFib”) and/or atrial flutter (“AFlut,” with “AF” refer-
ring to either) can be distinguished from other types of cardiac
arrhythmia, such as the normal sinus rhythm irregularity,
irregularity from various types of heart blocks, and the irregu-
larity associated with premature ventricular contractions. The
described systems and technmques are a practical approach to
calculating the beat-to-beat irregularity while providing
improved positive predictability of AF. Moreover, the
described systems and techniques are able to identify sus-
tained AF episodes, where AF continues for more that
approximately 20 beats and has an increased clinical signifi-
cance.

For example, when the systems and techniques described
here were used to analyze the MIT-BIH arrhythmia database,
available from MIT-BIH Database Distribution, MIT Room
E25-505A, Cambridge, Mass. 02139, USA, a sensitivity to
AF in excess of 90% and a positive predictivity in excess of
96% were obtained.

The described systems and techniques are well-adapted to
monitoring cardiac signals of ambulatory patients who are
away from controlled environments such as hospital beds or
treatment facilities. The cardiac signals obtained from to
ambulatory patients may be noisier and otherwise strongly
impacted by the patients’ heightened levels of activity. Thus,
improved monitoring systems and techniques, such as those
described herein, are required for ambulatory patients.

The described systems and techniques are also well-
adapted to real-time monitoring of arrhythmia patients,
where minimal delays in distinguishing between different
types of cardiac arrhythmia can speed the delivery of any
urgent medical care. The described systems and techmques
also require minimal computational resources. Further, the
described systems and techniques do not require training
before different types of cardiac arrhythmia can be distin-
guished.

The details of one or more implementations of the inven-
tion are set forth in the accompanying drawings and the
description below. Other features, objects, and advantages
will be apparent from the description and drawings, and from
the claims.

DESCRIPTION OF DRAWINGS

FIG. 1 shows a system in which a cardiac signal is moni-
tored for medical purposes.

FIG. 2 shows an example of a cardiac signal.

FIG. 3 shows an example of instrumentation for cardiac
monitoring using a cardiac signal.

FIG. 4 shows an example state diagram of a cardiac moni-
toring system during cardiac monitoring.

FIG. 5 shows a process for cardiac monitoring for the
detection of an AF event.

FIG. 6A shows a process for determining the variability in
the recent R to R intervals and identifying if the variability is
relevant to either the onset or termination of AF.

FIG. 6B shows a graph of factor DRR(n) as a function of
RR(n-1,n-2)/RR(n,n-1).

FIG. 7 shows a transformation function for weighting the
variability in the timing of recent beats.
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FIG. 8 shows an example of instrumentation for cardiac
monitoring using an electrocardiogram trace.

FIG. 9 shows an example state diagram of a cardiac moni-
toring system that accommodates the variability caused by
ventricular beats.

FIG. 10 shows a process for determining the variability of
recent R to R intervals and identifying if the variability is
relevant to the onset of AF while accommodating the vari-
ability caused by ventricular beats.

FIG. 11 shows a process for determining the variability in
recent R to R intervals and identifying if the variability is
relevant to the termination of AF while accommodating the
variability caused by ventricular beats.

Like reference symbols in the various drawings indicate
like elements.

DETAILED DESCRIPTION

FIG. 1 shows a system 100 in which a cardiac signal is
monitored for medical purposes. System 100 includes an
individual 105, instrumentation 110, a signal path 115, and a
receiver 120. Individual 105 can be a patient or a healthy
individual for whom monitoring of one or more biological
signals is deemed to be appropriate. Instrumentation 10 can
include one or more sensing, calibration, signal processing,
control, data storage, and transmission elements suitable for
generating and processing the cardiac signal, as well as relay-
ing all or a portion of the cardiac signal over path 115. Path
115 can be any suitable medium for data transmission, includ-
ing wired and wireless media suitable for carrying optical
and/or electrical signals. The receiver 120 can include a
receiver element for receiving the transmitted signal, as well
as various data processing and storage elements for extracting
and storing the information carried by the transmission
regarding the state of individual 105. The receiver 120 can be
amedical system in that receiver 120 presents information to
medical personnel or to a medical expert system for analysis.
The receiver 120 either can reside remotely from instrumen-
tation 110 in that receiver 120 is not located at the same site as
instrumentation 110 (e.g., atthe same hospital, nursing home,
or other medical care facility) or the receiver 120 can reside
within the same general area or vicinity as instrumentation
110 (e.g., within the same room, building, or health care
facility).

FIG. 2 shows an example of a cardiac signal, namely the
trace of a scalar electrocardiogram 200. Electrocardiogram
trace 200 follows a potential difference 205 measured
between two points on the body surface of an individual.
Potential difference 205 changes with time 210 in a manner
characteristic of the physiology and function of an individu-
al’s heart.

Electrocardiogram trace 200 generally includes features
characteristic with particular aspects of cardiac activity. For
example, trace 200 includes a series of QRS complexes 215,
220, 225 associated with activation of the ventricles. QRS
complex 225 includes an R-wave R,, QRS complex 220
includes an R-wave R, ;, and QRS complex 215 includes an
R-wave R,, ,. The time between successive R-waves can be
referred to as the R to R interval. In particular, the R to R
interval between R-wave R, and R-wave R,, | is RR(n,n-1)
and the R to R interval between R-wave R | and R-waveR ,
is RR(n-1,n-2).

FIG. 3 shows an example of instrumentation 110 for car-
diac monitoring using a cardiac signal such as electrocardio-
gram trace 200. Instrumentation 110 includes a sensor 305, a
signal amplifier/processor 310, a beat detector 315, an atrial
fibrillation/atrial flutter (AF) detector 320, decision logic 325,
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and an event generator 330. Sensor 305 can include two or
more electrodes subject to one or more potential differences
that yield a voltage signal such as electrocardiogram trace
200. The electrodes can be body surface electrodes such as
silver/silver chloride electrodes and can be positioned at
defined locations to aid in monitoring the electrical activity of
the heart. Sensor 305 can also include leads or other conduc-
tors that form a signal path to signal amplifier/processor 310.
Signal amplifier/processor 310 can receive, amplify, and/or
process the voltage signals. The processing can include fil-
tering and digitization. The amplification and remainder of
the processing can occur before or after digitization. Signal
amplifier/processor 310 can provide the amplified and/or pro-
cessed signal to beat detector 315.

Beat detector 315 is a device such as a circuit or other
arrangement that identifies the time period between ventricu-
lar contractions. For example, beat detector 315 canbe a QRS
detector in that it identifies successive QRS complexes (or an
equivalent indicator of ventricular activity) and determines
the beat-to-beat timing from the time between complexes.
The beat-to-beat timing can be determined by measuring
times between successive R-waves, such as RR(n,n-1) and
RR(n-1,n-2) in electrocardiogram trace 200 (FIG. 2). Beat
detector 315 can provide information regarding the time
period between ventricular contractions to AF detector 320.

AF detector 320 is a data processing device that analyzes
information regarding the time period between ventricular
contractions to detect AF. The detection of AF can include
distinguishing AF from other sources of ventricular irregu-
larity, such as premature ventricular contraction, heart blocks,
and normal sinus rhythm irregularity. The detection of AF can
also include distinguishing between short AF episodes and
sustained AF episodes. Short AF episodes generally include
between two and 20 beats and may or may not have clinical
significant, whereas sustained AF episodes generally include
more than 20 beats and may have relatively greater clinical
significance. The detection of AF can also include the detec-
tion of other types of irregularity caused by random refractory
periods of the ventricles.

AF detector 320 can analyze information regarding the
time period between ventricular contractions to detect AF
using non-linear statistical approaches. Non-linear statistics
treats the relationship between variables as something other
than a linear function. Detail regarding an example non-linear
statistical approach to detecting AF is given below. AF detec-
tor 320 can provide information regarding the detection of AF
to decision logic 325

Decision logic 325 is a set of instructions for determining
when the AF detected by AF detector 320 has commenced and
terminated. For example, decision logic 325 can be embodied
in a circuit or decision logic 325 can be executed by a data
processing device such as AF detector 320. Decision logic
325 can also trigger the generation of an AF event by event
generator 230.

Event generator 330 is a device such as a data processing
device that prepares an AF event for handling. An AF event is
a period in time when the information content of the signal
sensed by sensor 305 is deemed to be of increased relevance
to the monitoring of AF. AF events need not be of equal or
predetermined duration. For example, an event associated
with an sustained AF episode may have a longer duration than
an event associated with a short AF episode.

Event generator 330 can prepare an AF event for handling
by collecting information that summarizes the relevance of
the event to the detection and/or monitoring of AF. For
example, event generator 330 can excise data associated with
the period identified as AF from the amplified and processed
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signal output from signal amplifier/processor 310. Event gen-
erator 330 can also redact such data (e.g., by selecting the first
three minutes worth when generating the event). Handling the
AF event can include transmitting the AF event over data link
115 or storing the AF event in a data storage device.

FIG. 4 shows an example state diagram 400 of a cardiac
monitoring system during cardiac monitoring. For example,
state diagram 400 can relate to the operation of an assembly
such as AF detector 320 and decision logic 325 in instrumen-
tation 110 (FIG. 3). State diagram 400 includes an idle state
405 and an AF event state 410. Idle state 405 originates a
reflexive transition 415 and a state transition 420. AF event
state 410 originates a reflexive transition 425 and a state
transition 430. Reflexive transition 415 is associated with a
series of variability measurements. State transition 420 is
triggered by the onset of AF-type variability as detected by
such measurements. Reflexive transition 425 is associated
with another series of variability measurements. State transi-
tion 430 is triggered by the end of AF-type variability as
detected by such measurements.

In operation, a cardiac monitoring system can start in idle
state 405 and measure the variability of a cardiac signal. For
example, the system can measure the variability in the beat-
to-beat timing of successive R-waves, such as the variability
between RR(n,n-1) and RR(n-1,n-2) in electrocardiogram
trace 200 (FIG. 2). Once the variability has been identified as
AF-type variability, the system transitions to AF event state
410 where the system continues to measure the variability of
the cardiac signal. In AF event state 410, once the AF-type
variability has ended, the system returns to idle state 405.

FIG. 5 shows a process 500 for cardiac monitoring, e.g., for
the detection ofan AF event. Process 500 can be performed by
one or more data processing devices that perform data pro-
cessing activities. The activities of process 500 can be per-
formed in accordance with the logic of a set of machine-
readable instructions, a hardware assembly, or a combination
of these and/or other instructions. The activities in process
500 can be performed at any of a number of different elements
in a system in which a biological signal is monitored. For
example, in instrumentation 110 (FIG. 3), the activities in
process 900 can be performed at AF detector 320, decision
logic 325, and event generator 330.

The device performing process 500 receives information
regarding the timing of recent beats it 505. The timing infor-
mation can be received in discrete amounts (e.g., on a beat-
to-beat basis) or in a collection that includes such informa-
tion. Using the received timing information, the system
determines the variability in the recent R to R intervals at 510.
The variability in the R to R intervals can reflect the beat-to-
beat change in heart rate over a set period or over a set number
of beats.

The system can also identify the relevance of such variabil-
ity to AF at 515. The variability is relevant to AF when it is
associated with a high probability that an individual under-
goes AF at or near the time of the recent beats. Relevance can
be identified by comparing the variability to a predetermined
amount of variability or to an amount identified as typical for
the monitored patient.

The system can also determine if the identified relevance of
the variability is indicative of the monitored individual under-
going AF at decision 520. If not, the system returns to 505.
This return can correspond to the system remaining in idle
state 405 along reflexive transition 415 in state diagram 400
(FIG. 4). If the system determines that the results of the
monitoring are indicative of the individual undergoing AF,
the system initiates an AF event at 525. This initiation of the
AF event can correspond to the system transitioning to AF
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event state 410 in state diagram 400 (FIG. 4). The initiation of
such an event can include various activities that lead to the
generation of an event, such as triggering an event generator
to add markers to a data stream such as electrocardiogram
trace 200 or excising a relevant portion of the data stream.

The system can continue to receive information regarding
the timing of recent beats at 530. Using the received timing
information, the system determines the variability in the
recent R to R intervals at 535. The system can also identify the
relevance of such variability to the end of AF at 540. The
variability is relevant to the end of AF when it is associated
with an increased probability that AF has halted. Relevance
can be identified by comparing the variability to a predeter-
mined amount of variability or to an amount identified as
typical for the monitored patient.

The system can also determine if the identified relevance of
the variability indicates that AF has ended in the monitored
individual at decision 545. If not, the system returns to 530.
This return can correspond to the system remaining in AF
event state 410 along reflexive transition 425 in state diagram
400 (FIG. 4). If the system determines that AF has ended in
the monitored individual, the system returns to 555. This
return can correspond to the system transitioning to idle state
405 in state diagram 400 (FIG. 4).

FIG. 6A shows a process 600 for determining the variabil-
ity in the recent R to R intervals and identifying if the vari-
ability is relevant to either the onset or termination of AF.
Process 600 can be performed independently or process 600
can be performed as part of a larger collection of activities.
For example, process 600 can be performed as part of process
500, namely as steps 510, 515 or as steps 535, 540 (FIG. 5).
Various activities in process 600 can also be performed to
trigger state transitions 420, 430 in state diagram 400 (FIG.
4).

The system performing process 600 can compare the most
recent R to R interval (e.g., RR(n,n-1) of FIG. 2) with the
immediately preceding R to R interval (e.g., RR(n-1,n-2) of
FIG. 2) at 605. Such a comparison can yield a factor that
reflects the beat-to-beat variability in heart rate. For example,
a factor DRR(n), given by the expression

Equation 1

DRRO = ABS RR(n,n—-1) 1
") = (RR(n,n—1)+RR(n—1,n—2) 2]

can reflect the beat-to-beat variability in R to R interval and in
heart rate. A graph of factor DRR(n) as a function of RR(n-
1,n-2)/RR(n,n-1) is shown in FIG. 6B.

The system performing process 600 can also weight the
comparison of the most recent R to R interval with the imme-
diately preceding R to R interval according to the likelihood
that the results of the comparison are indicative of AT at 610.
The weighting can determine a role that the comparison will
play in subsequent processing cardiac monitoring activities.
For example, the weighting can include the whole or partial
exclusion of a certain comparisons from subsequent cardiac
monitoring activities.

One techmque for weighting the comparison is through the
use of a transformation, such as transformation function 700
shown in FIG. 7. Transformation function 700 provides
weights that are multiplied by the value of a comparison (e.g.,
factor DRR(n)) to reflect the relevance of the comparison to
AF. The weights provided in transformation function 700 can
be multiplied by the value of every comparison or by a
selected subset of the comparisons. One technique for select-
ing such a subset is discussed further below.
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Transformation function 700 is adapted to the factor DRR
(n) given in equation 1. In particular, transformation function
700 is adapted to overweight factor DRR(n) when factor
DRR(n) is in a midrange of potential physiological values
(e.g., when DRR(n) is greater than about 0.02 and less than
about 0.15). Transformation function 700 is adapted to
weight factor DRR(n) as being negatively indicative of AF
when factor DRR(n) is at the upper range of potential physi-
ological values (e.g., when DRR(n) is greater than about
0.157). Transformation function 700 is adapted to weight
factor DRR(n) as being largely irrelevant to AF when factor
DRR(n) is at the lower range of potential physiological values
(e.g., when DRR(n) is less than about 0.0.2). Transformation
function 700 includes a scalar weighted comparison 705 that
varies as a function of the comparison factor DRR(n) 710. In
particular, weighted comparison 705 varies linearly between
points 715,720, 725, 730, 735. The values of points 715, 720,
725,730, 735 are given in Table 1.

TABLE 1
Point Comparison DRR(n) Weight Comparison
715 0 0
720 0.0206 0.0417
725 0.0642 0.9178
730 0.1427 0.1005
735 0.2 -0.3

In operation, weighted comparison 705 for any value of the
factor DRR(n) can be determined by linear interpolation
between the weighted comparisons of points 715, 720, 725,
730, 735. The interpolation can be performed for each value
of the factor DRR(n) as it arises or the results of a certain
number of such interpolations can be stored in a look up table.
For any value of the factor DRR(n) above 0.2, a weighted
comparison of —0.3 can be assigned.

Returning to FIG. 6 A, the system performing process 600
can also add a weighted comparison to a collection of
weighted comparisons for recent beats at 615. For example,
the system can form a FIFO stack or an array of weighted
comparisons having a separate data element for each of
between 10 and 200 (e.g., 100) of the most recent beats. The
system can also determine the relevance of the collection of
weighted comparisons for recent beats to AF at 620. The
collection of weighted comparisons can be relevant to either
the onset or termination of AF.

To determine the relevance, the system can sum the
weighted comparisons to arrive at a number that represents
the average relevance of the weighted comparisons in the
collection. The system can calculate such sums for several
beats in a row before determining that the beat-to-beat vari-
ability is indicative of the onset or termination of AF. In one
implementation, the system calculates the average of the
weighted comparisons of the beats in the collection and com-
pares this average with a first predetermined threshold to
determine if the variability is indicative ofthe onset of AF and
with a second predetermined threshold to determine if the
variability is indicative of the termination of AF. In general,
the first, onset threshold may be higher than the second,
termination threshold. The difference between the onset and
termination thresholds can introduce hysteresis into the state
transitions to stabilize any system performing process 600.

FIG. 8 shows an example of instrumentation for cardiac
monitoring using an electrocardiogram trace, namely instru-
mentation 800. In addition to sensor 305, signal amplifier/
processor 310, AF (AF) detector 320, decision logic 325, and
event generator 330, instrumentation 800 also includes a QRS
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detector 805 and a ventricular beat detector 810. QRS detec-
tor 805 and ventricular beat detector 810 can both receive an
amplified and processed signal from signal amplifier/proces-
sor 310. QRS detector 805 is a device such as a circuit or other
arrangement that identifies the time period between succes-
sive QRS complexes. QRS detector 805 can provide informa-
tion regarding the time period between successive QRS com-
plexes to AF detector 320

Ventricular beat detector 810 is a device such as a circuit or
other arrangement that identifies ventricular beats. Ventricu-
lar beats (i.e., premature ventricular beats) are irregular beats
that interrupt the normal heart rhythm. Ventricular beats gen-
erally arise from a ventricular focus with enhanced automa-
ticity. Ventricular beats may also result from reentry within
the His-Purkinje system. The occurrence of ventricular beats
is generally unrelated to AF. For example, the occurrence of
ventricular beats can be used to identify ventricular tachycar-
dia (e.g., when there are three or more consecutive ventricular
beats). Ventricular beats may be precipitated by factors such
as alcohol, tobacco, caffeine, and stress. Ventricular beat
detector 810 can monitor an electrocardiogram trace to iden-
tify ventricular beats. Various systems and techniques for
identifying ventricular beats can be used. For example, the
Mortara VERITAS Analysis Algorithm, available from Mor-
tara Instrument, Inc. (Milwaukee, Wis.), can be used. Ven-
tricular beat detector 810 can also provide information
regarding the occurrence of ventricular beats to AF detector
320.

Ventricular beat detector 810 can be housed together with
QRS detector 805. An example of such a joint device is the
ELI 250TM Electrocardiograph available from Mortara
Instrument, Inc. (Milwaukee, Wis.).

Approaches for determining the variability in recent R to R
intervals and identifying if the variability is relevant to either
the onset or termination of AF can accommodate the variabil-
ity caused by ventricular beats. FIG. 9 shows an example state
diagram 900 of a cardiac monitoring system that accommo-
dates the variability caused by ventricular beats. In additionto
idle state 405 and AF event state 410, state diagram 900 also
includes a ventricular tachycardia (V-TA CH) event state 905.
Ventricular tachycardia is a rapid succession of ventricular
contractions (e.g., between 140 and 220 per minute) generally
caused by an abnormal focus of electrical activity in a ven-
tricle. Ventricular tachycardia can last from a few seconds to
several days and can be caused by serious heart conditions
such as a myocardial infarction. AF event state 410 originates
a state transition 910 that is triggered by the occurrence of
three consecutive ventricular beats. V-TACH event state 905
originates a state transition 910 that is triggered by the end of
a V-TACH event. The end of a V-TACH event can be identi-
fied, e.g., when the rate of ventricular contractions falls below
a predetermined value (e.g., a value between 100 and 200
bpm).

FIG. 10 shows a process for determining the variability in
recent R to R intervals and identifying if the variability is
relevant to the onset of AF while accommodating the vari-
ability caused by ventricular beats, namely a process 1000.
Process 900 can be performed independently or process 1000
can be performed as part of a larger collection of activities.
For example, process 1000 can be performed as part of pro-
cess 500, namely as steps 510, 515 (FI1G. 5). Various activities
in process 1000 can also be performed to trigger state transi-
tion 420 in state diagram 900 (FIG. 9).

The system performing process 1000 can compare the
recent R to R intervals with the respective, immediately-
preceding R to R intervals at 1005 using, e.g., the expression
in Equation 1 to reflect the beat-to-beat variability in heart
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rate. The system performing can also receive an indicator of
the occurrence of a ventricular beat at 1010. Such an indicator
can be received, e.g., from a ventricular beat detector.

The system can create an array or other data structure that
includes both the ventricular beat indicators and the R to R
interval comparisons at 1015. The array can include the ven-
tricular beat indicators and the R to R interval comparisons
for between 10 and 200 (e.g., 100) of the most recent beats.
The system can also weight the comparisons according to the
likelihood that the R to R interval comparisons are relevant to
AF at 1020 using, e.g., transformation function 700 (FIG. 7).

The system can also assign a preset value to the R to R
interval comparisons associated with ventricular beats at
1025. The preset value can be a penalty value in that the preset
value reflects a decreased likelihood that the variability is
indicative of an AF event. The preset value can be selected in
light of the approaches used to compare the R to R intervals
and to weight such comparisons. For example, when the R to
R intervals are compared using Equation 1 and the resulting
comparisons are weighted using transformation function 700
(FIG. 7), R to R interval comparisons associated with ven-
tricular beats can be assigned a preset value of -0.06 and R to
R intervals comparisons associated with the R to R intervals
immediately succeeding ventricular beats can be assigned a
preset value of zero.

Using both the weighted and preset timing comparisons,
the system can calculate the average value of an entry in the
array of the most recent beats at 1030. If the system deter-
mines that the average is greater than 0.22 for the last five
beats at decision 1035, then the system triggers the start of an
AF event in the recent beats at 1040. On the other hand, if the
system determines that the average is less than or equal to
0.22 for the last five beats, then the system returns to compare
the recent R to R intervals with the previous R to R interval at
1005.

FIG. 11 shows a process for determining the variability in
the recent R to R intervals and identifying if the variability is
relevant to the termination of AF while accommodating the
variability caused by ventricular beats, namely a process
1100. Process 1100 can be performed independently or pro-
cess 1100 can be performed as part of a larger collection of
activities. For example, process 1100 can be performed as
part of process 500, namely as steps 535, 540 (FIG. 5). Vari-
ous activities in process 1100 can also be performed to trigger
state transitions 430, 910, 915 in state diagram 900 (FIG. 9).

The system performing process 1100 can perform the
activities at 1005, 1010, 1015, 1020, 1025, 1030 as in process
1000. The system can also determine if the last three beats
have been ventricular beats at decision 1105. For example, the
system can determine if the last three beats are marked with a
ventricular beat occurrence indicator such as that received at
1010.

Ifthe system determines that the last three beats have been
ventricular beats, the system triggers the end of the AF event
at1110 and, when appropriate, terminates a ventricular tachy-
cardia event at 1115. The start and termination of the ven-
tricular tachycardia event can transition the state of a system
into and out of a V-TACH event, much like transitions 910,
915 in state diagram 900 (FI1G. 9).

When the V-TACH event has been terminated at 1115 or
when the system determines that the last three beats have not
been ventricular beats at 115, the system then determines if
the average of both the weighted and preset timing compari-
sons in the array of the most recent beats has dropped below
0.08 at decision 1120. If the average has not dropped below
0.08, the system returns to compare the recent R to R intervals
with the previous R to R interval at 1005. On the other hand,
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when the average has dropped below 0.08, the system triggers
the end of the AF event at 1125. This triggering can transition
the state of a system out of an AF event, much like transition
430 in state diagram 900 (FI1G. 9).

Various implementations of the systems and techmques
described here can be realized in digital electronic circuitry,
integrated circuitry, specially designed ASICs (application
specific integrated circuits), computer hardware, firmware,
software, and/or combinations thereof. These various imple-
mentations can include one or more computer programs that
are executable and/or interpretable on a programmable sys-
tem including at least one programmable processor, which
may be special or general purpose, coupled to receive data
and instructions from, and to transmit data and instructions to,
a storage system, at least one input device, and at least one
output device.

These computer programs (also known as programs, soft-
ware, software applications or code) may include machine
instructions for a programmable processor, and can be imple-
mented in a high-level procedural and/or object-oriented pro-
gramming language, and/or in assembly/machine language.
As used herein, the term “machine-readable medium” refers
to any computer program product, apparatus and/or device
(e.g., magnetic discs, optical disks, memory, Programmable
Logic Devices (PLDs)) used to provide machine instructions
and/or data to a programmable processor, including a
machine-readable medium that receives machine instructions
as a machine-readable signal. The term “machine-readable
signal” refers to any signal used to provide machine instruc-
tions and/or data to a programmable processor.

To provide for interaction with a user, the systems and
techniques described here can be implemented on a computer
having a display device (e.g., a CRT (cathode ray tube) or
LCD (liquid crystal display) monitor) for displaying infor-
mation to the user and a keyboard and a pointing device (e.g.,
amouse or a trackball) by which the user can provide input to
the computer. Other kinds of devices can be used to provide
for interaction with a user as well; for example, feedback
provided to the user can be any form of sensory feedback
(e.g., visual feedback, auditory feedback, or tactile feed-
back); and input from the user can be received in any form,
including acoustic, speech, or tactile input.

The systems and techmques described here can be imple-
mented in a computing environment that includes a back-end
component (e.g., as a data server), or that includes a middle-
ware component (e.g., an application server), or that includes
a front-end component (e.g., a client computer having a
graphical user interface or a Web browser through which a
user can interact with an implementation of the systems and
techniques described here), or any combination of such back-
end, middleware, or front-end components. The components
of the environment can be interconnected by any form or
medium of digital data communication (e.g., a communica-
tion network). Examples of communication networks include
alocal area network (“LLAN”), a wide area network (“WAN™),
and the Internet.

The computing environment can include clients and serv-
ers. A client and server are generally remote from each other
and typically interact through a communication network. The
relationship of client and server arises by virtue of computer
programs running on the respective computers and having a
client-server relationship to each other.

A number of implementations have been described. Nev-
ertheless, it will be understood that various modifications
may be made. Cardiac signals other than scalar electrocardio-
grams such as heart sounds can be monitored. Other weight-
ing approaches and transformation functions can be used,
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depending upon the manner in which the timing of beats is
compared. Weight 705 can be interpolated in any of a number
of different ways such as a cubic spline between points 715,
720, 725, 730, 735. Cardiac monitoring can be performed in
real time or delayed. The values of different parameters can
be changed and useful results still obtained. For example, in
FIG. 7, point 735 can be repositioned to a comparison factor
DRR(n) value above 0.2. Accordingly, other implementations
are within the scope of the following claims.

What is claimed is:

1. A device, comprising:

a beat detector to identify a beat-to-beat timing of cardiac

activity;

a ventricular beat detector to identify ventricular beats in

the cardiac activity;
variability determination logic to determine a variability in
the beat-to-beat timing of a collection of beats;

relevance determination logic to identify a relevance of the
variability in the beat-to-beat timing to at least one of
atrial fibrillation and atrial flutter; and

an event generator to generate an event when the variability

in the beat-to-beat timing is identified as relevant to the
at least one of atrial fibrillation and atrial flutter in light
of the variability in the beat-to-beat timing caused by
ventricular beats identified by the ventricular beat detec-
tor.

2. The device of claim 1, wherein the relevance determi-
nation logic is to accommodate variability in the beat-to-beat
timing caused by ventricular beats by weighting ventricular
beats as being negatively indicative of the one of atrial fibril-
lation and atrial flutter.

3. The device of claim 1, wherein the variability determi-
nation logic is to compare times between R-waves in three
successive QRS complexes to determine the variability in the
beat-to-beat timing.

4. The device of claim 1, wherein:

the variability determination logic is to represent the vari-

ability in the beat-to-beat timing as a factor that is lowest
when a first time between beats is close to a second time
between beats; and

the first time immediately proceeds the second time.

5. The device of claim 4, wherein the variability determi-
nation logic is to represent the variability in the beat-to-beat
timing as a factor that increases non-linearly when the abso-
lute difference between the first time the second time grows.

6. The device of claim 4, wherein the variability determi-
nation logic is to represent the variability in the beat-to-beat
timing as a factor that increases more rapidly when the first
time grows less than the second time than when the first time
grows greater than the second time.

7. The device of claim 1, wherein the event generator is to
generate an event by performing operations comprising:

collecting data associated with the collection of beats; and

transmitting the data associated with the collection of beats
to a remote receiver.

8. The device of claim 1, wherein the relevance determi-
nation logic comprises weighting logic to:

weight variability at a lower end of physiological values as

being substantially irrelevant to the one of atrial fibril-
lation and atrial flutter;

weight variability in a midrange of physiological values as

being positively indicative of the one of atrial fibrillation
and atrial flutter; and

weight variability in an upper range of physiological values

as being negatively indicative of the one of atrial fibril-
lation and atrial flutter.
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9. The device of claim 8, wherein the weighting logic is
also to weight a beat identified as a ventricular beat as being
negatively indicative of the one of atrial fibrillation and atrial
flutter.

10. The device of claim 1, wherein the relevance determi-
nation logic comprises logic to identify the relevance of the
variability using a non-linear function of a beat-to-beat inter-
val.

11. The device of claim 1, wherein the beat detector com-
prises a QRS detector.

12. The device of claim 1, further comprising a sensor that
includes two or more body surface electrodes subject to one
or more potential differences related to cardiac activity.

13. A method comprising:

receiving information describing a timing of heart beats of

an individual;
determining a first time between a first heart beat and a
second heart beat of the individual, wherein the second
heart beat follows immediately after the first heart beat;

determining a second time between the second heart beat
and a third heart beat of the individual, wherein the third
heart beat follows immediately after the second heart
beat;

determining a factor reflecting the difference between the

first time and the second time, wherein

the factor is lowest when the first time is close to the
second time, and

the factor increases non-linearly when the absolute dif-
ference between the first time the second time grows;
and

identifying at least one of an atrial fibrillation event and an

atrial flutter event of the individual based on the factor.

14. The method of claim 13, wherein the factor increases
more rapidly when the first time grows less than the second
time than when the first time grows greater than the second
time.

15. The method of claim 13, wherein:

the method further comprises weighting the factor to

reflect a relevance of the factor to one of atrial fibrillation
and atrial flutter; and

the identifying of the at least one of the atrial fibrillation

event and the atrial flutter event is based on the weighted
factor.

16. The method of claim 15, wherein weighting the factor
comprises:

weighting the factor at a lower end of physiological values

as being substantially irrelevant to the one of atrial fibril-
lation and atrial flutter;

weighting the factor in a midrange of physiological values

as being positively indicative of the one of atrial fibril-
lation and atrial flutter; and

weighting the factor in an upper range of physiological

values as being negatively indicative of the one of atrial
fibrillation and atrial flutter.

17. The method of claim 13, wherein:

the method further comprise repeating the determining of

the first time, the determining of the second time, and the
determining of the factor for additional heart beats to
generate additional factors; and

the identifying of the at least one of the atrial fibrillation

event and the atrial flutter event is based on the addi-
tional factors.

18. The method of claim 17, wherein identifying the at least
one of'the atrial fibrillation event and the atrial flutter event of
the individual based on the additional factors comprises iden-
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tifying the at least one of the atrial fibrillation event and the
atrial flutter event of the individual based on between 19 and
199 additional factors.

19. The method of claim 13, wherein determining the fac-
tor comprises determining DRR(n) as given by

RR(n,n—-1) 1
DRR(n) = ABS( ]

RRm,n—- D)+ RRn-1,n-2) 2)

20. An article comprising one or more machine-readable
media storing instructions operable to cause one or more
machines to perform operations, the operations comprising:

determining a beat-to-beat variability in cardiac electrical

activity;

determining a relevance of the variability over a collection

of beats to one of atrial fibrillation and atrial flutter using
a non-linear function of a beat-to-beat interval; and
identifying one of an atrial fibrillation event and an atrial
flutter event based on the determined relevance, the
event being a period in time when the information con-
tent of the cardiac electrical activity is of increased rel-
evance to the one of atrial fibrillation and atrial flutter.

21. The article of claim 20, wherein determining the rel-
evance comprises:

weighting variability ata lower end of physiological values

as being substantially irrelevant to the one of atrial fibril-
lation and atrial flutter;

weighting variability in a midrange of physiological values

as being positively indicative of the one of atrial fibril-
lation and atrial flutter;

weighting variability in an upper range of physiological

values as being negatively indicative of the one of atrial
fibrillation and atrial flutter; and

determining a relevance of the weighted variability to the

one of atrial fibrillation and atrial flutter.

22. The article of claim 20, determining the relevance
comprises:

identifying a beat of the collection as a ventricular beat, and

weighting the beat as being negatively indicative of the one

of atrial fibrillation and atrial flutter.

23. The article of claim 20, wherein:

determining the beat-to-beat variability comprises deter-

mining a factor reflecting the difference between a first
time between a first heart beat and a second heart beat
and a second time between a second heart beat and a
third heart beat;

the second heart beat follows immediately after the first

heart beat; and

the third heart beat follows immediately after the second

heart beat.

24. The article of claim 23, wherein:

the factor is lowest when the first time is close to the second

time; and

the factor increases non-linearly when the absolute differ-

ence between the first time the second time grows.

25. The article of claim 24, wherein the factor increases
more rapidly when the first time grows less than the second
time than when the first time grows greater than the second
time.
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CERTIFICATE OF CORRECTION
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DATED : May 10, 2011

INVENTOR(S) : Lev Korzinov

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

Col. 12, Claim 5, line 46, delete “difference between the first time the second time grows.” and insert
-- difference between the first time and the second time grows. --

Signed and Sealed this
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EXHIBIT L
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REDACTED IN ITSENTIRETY



Case 2:12-cv-02517-JS Document 101 Filed 07/08/13 Page 139 of 144

EXHIBIT M
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EXHIBIT O
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