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SYSTEMS AND METHODS FOR HEART AND ACTIVITY MONITORING

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is a continuation-in-part of U.S. Patent Application No. 11/712,284, filed
February 27, 2007, which claims the benefit of U.S. Provisional Patent Application No. 60/776,834,
filed February 27, 2006, each of which are incorporated herein by reference in its entirety. This
application also claims the benefit of U.S. Provisional Patent Application No. 61/215,956, filed May
13, 2009, and U.S. Provisional Patent Application No. 61/240,576, filed September 8, 2009, each of

which is incorporated herein by reference in its entirety.
TECHNICAL FIELD OF THE INVENTION

[0002] The present invention relates, in some embodiments, to systems and methods for
monitoring the heart of a patient. In some embodiments, the present invention relates to systems and
methods for monitoring the activity of a patient. More particularly, the present invention relates, in
some embodiments, to systems and methods for monitoring the heart failure status of a patient. In
some embodiments, the present invention relates to systems and methods for monitoring for heart

transplant rejection in a patient.
INCORPORATION BY REFERENCE

[0003] Each reference identified herein is hereby incorporated by reference as if set forth in its

entirety.
BACKGROUND OF THE INVENTION

[0004] Thousands of people die each year because of heart related problems, including heart
disease, heart attack (myocardial infarction), stroke, and heart failure. In many cases, significant
heart problems may be corrected through medication, transplant, stenting, valve replacement,
medical consultation, or other forms of medical intervention. Medical personnel need an effective
method of monitoring the patient's heart for different symptoms, conditions, and parameters in order

to provide effective treatment.
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[0005] For the most part, heart monitoring requires that the patient visit the physician for an
electrocardiogram (ECG) and/or other diagnostic tests. Frequently, the ECG by itself is only one of
the many diagnostic tools that the physician has in his/her armamentarium, and not adequate alone to
diagnose transplant rejection, heart failure, and other heart related disorders. When cardiac events
occur infrequently (paroxysmal occurrences), ECG may not be effective in detecting certain heart
events, such as arrhythmias, tachycardia (fast than normal heart rate), bradycardia (slower than
normal heart rate), premature ventricular contractions (PVC), bigeminy, trigeminy, or other

abnormal rhythms.

[0006] Current heart monitoring systems provide limited heart monitoring capabilities. Other
systems are ineffective at detecting problems because of patient movement, respiration, inspiration,
and emotional or physiologic stress. Frequently, traditional methods of heart monitoring are
ineffective or incapable of detecting the subtle heart performance metrics that may indicate that heart

failure or transplant rejection is present or imminent.
SUMMARY OF THE INVENTION

[0007] The present invention includes, in some embodiments, methods and systems for
monitoring a heart failure status of a patient. In further embodiments, the present invention includes

methods and systems for monitoring for heart transplant rejection in a patient.

[0008] A method according to some embodiments of the present invention includes detecting the
activity level of the patient. In some embodiments, the activity level of the patient is detected using
an accelerometer. In some embodiments, the accelerometer is a piezoelectric accelerometer. In
some embodiments, the accelerometer is configured to detect motion of the patient. In some
embodiments, a counter records the total number of times motion of the patient is detected by the

accelerometer during each of a series of consecutive time intervals.

[0009] In some embodiments, a method according to the present invention includes collecting
intramyocardial electrogram (IMEQG) signals from the patient. In some embodiments, a method
according to the present invention includes collecting IMEG signals from the patient at different
times automatically when the detected activity level of the patient is below a preset threshold level
for a predetermined amount of time (e.g., when the patient is asleep or substantially at rest). In some

embodiments, a method according to the present invention includes collecting IMEG signals from
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the patient at different times automatically only when the detected activity level of the patient is
below a preset threshold level for a predetermined amount of time. In some embodiments, the
detected activity level of the patient is below a preset threshold level only when the patient is asleep
or substantially at rest. In some embodiments, the detected activity level of the patient is below a
preset threshold level for a predetermined amount of time when the number recorded by the counter
during each of a predetermined number of consecutive time intervals is below a preset value. In
some embodiments, the preset value is determined based on the number recorded by the counter
during time intervals when the patient is asleep or substantially at rest. In some embodiments, the

IMEG signals are collected over a fixed programmable period of time.

[0010] In some embodiments, the collected IMEG signals include IMEG signals collected from
one or more locations in the patient. In some embodiments, the collected IMEG signals include
IMEG signals collected from the right ventricular myocardium and/or the left ventricular
myocardium. In some embodiments, the collected IMEG signals include IMEG signals collected
from the right ventricular septum of the patient. In some embodiments, the collected IMEG signals
include IMEG signals collected from the right ventricular apex of the patient. In some
embodiments, the collected IMEG signals include IMEG signals collected from both the right
ventricular septum and the right ventricular apex of the patient. In some embodiments, a method
according to the present invention includes measuring a time difference (e.g., time delay) between
IMEG signals collected from one location of the patient (e.g., right ventricular septum) and IMEG

signals collected from a second location of the patient (e.g., right ventricular apex).

[0011] In some embodiments, the IMEG signals are collected using a device implanted in the
patient. In some embodiments, the IMEG signals are collected using a device external to the patient.
In some embodiments, the IMEG signals are collected using one or more electrode leads coupled to
the implanted device. In some embodiments, the collected IMEG signals are unipolar IMEG signals.
In some embodiments, the IMEG signals are collected using one or more electrically active unipolar
screw-in electrode leads. In some embodiments, the IMEG signals are collected using one or more
unipolar screw-in electrode leads having electrically active screws positioned within the
myocardium of the patient. In some embodiments, IMEG signals are collected using an electrically
active unipolar screw-in electrode lead positioned within the muscle tissue of the right ventricular
septum of the patient. In some embodiments, IMEG signals are collected using an electrically active

unipolar screw-in electrode lead positioned within the muscle tissue of the right ventricular apex of
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the patient. In some embodiments, IMEG signals are collected using an electrically active unipolar
screw-in electrode lead positioned within the muscle tissue of the right ventricular myocardium
and/or the left ventricular myocardium. In some embodiments, the electrode lead(s) includes the

accelerometer used to detect the activity level of the patient.

[0012] In some embodiments of the present invention, the collected IMEG signals are filtered at a
bandpass having an upper end of at least 200 Hz. In some embodiments of the present invention, the
collected IMEG signals are filtered at a bandpass having an upper end of at least 300 Hz. In some
embodiments of the present invention, the collected IMEG signals are filtered at a bandpass having
an upper end of at least 1 kHz. In some embodiments of the present invention, the collected IMEG
signals are filtered at a bandpass having a lower end of about 1 Hz to about 5 Hz. In some
embodiments of the present invention, the collected IMEG signals are filtered at a bandpass having a
lower end of about 2 Hz to about 3 Hz. In some embodiments of the present invention, the collected
IMEG signals are filtered at a bandpass spanning from about 1 Hz to about 1 kHz. In some
embodiments of the present invention, the collected IMEG signals are filtered at a bandpass
spanning from about 2 Hz to about 2 kHz. In some embodiments of the present invention, the
collected IMEG signals are filtered at a bandpass spanning from about 3 Hz to about 333 Hz. In
some embodiments, the collected IMEG signals are filtered using an amplifier. In some
embodiments of the present invention, the amplifier is a component of a device implanted in the

patient.

[0013] In some embodiments, a method according to the present invention further includes
generating one or more status indicator values. In some embodiments, the one or more status
indicator values are generated by a device implanted in the patient. In some embodiments, the
method includes using a system or device external to the patient to generate the one or more status
indicator values. In some embodiments, the status indicator value is proportional (e.g., directly
proportional) to the combination of two or more parameters extracted (e.g., derived, measured,
calculated, etc.) from at least a portion of the collected IMEG signals. Example parameters,
according to some embodiments, include amplitude, slew rate or slope (dV/dt), and time duration
values of the IMEG signals. In some embodiments, a parameter is an averaged value for a plurality
of IMEG signals (e.g., an average amplitude or average slew rate of a series of IMEG signals). In
some embodiments, an “average” or “averaged” value refers to the average of a plurality of averaged

values (e.g., an average of the average amplitude or slew rate values of a plurality of series of IMEG
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signals). A status indicator value, in some embodiments, is directly proportional to an amplitude
value (e.g., an averaged IMEG amplitude) and a slew rate (e.g., an averaged IMEG slew rate)
extracted from at least a portion of the collected IMEG signals. In some embodiments, a status
indicator value is directly proportional to an amplitude value and a time duration value (e.g., an
averaged IMEG time duration) extracted from at least a portion of the collected IMEG signals. In
preferred embodiments, the at least a portion of the collected IMEG signals includes only normally
conducted IMEG signals (e.g., produced by signal conduction which originates in the SA Node). In
some embodiments, the at least a portion of the collected IMEG signals includes only IMEG signals
which are each appropriately preceded by a P-wave (e.g. which have a P-IMEG interval that does

not deviate more than about +15% from a baseline P-IMEG interval).

[0014] In one embodiment, a method of the present invention includes: detecting the activity
level of the patient; using a device to collect intramyocardial electrogram (IMEG) signals from the
patient at different times automatically when the detected activity level of the patient is below a
preset threshold level for a predetermined amount of time; and using a system or device to generate a
status indicator value directly proportional to a product of an average slew rate and an average
amplitude of at least a portion of the collected IMEG signals. In one embodiment, the device used to
collect IMEG signals from the patient is implanted in the patient. In one embodiment, the system or
device used to generate the status indicator value is external to the patient. In one variation of this
embodiment, the collected series of IMEG signals includes IMEG signals from the right ventricular
septum of the patient. In another variation of this embodiment, the collected series of IMEG signals
includes IMEG signals from the right ventricular apex of the patient. In another variation of this
embodiment, the collected series of IMEG signals includes IMEG signals from both the right
ventricular septum and the right ventricular apex of the patient. In yet another variation of this
embodiment, the collected series of IMEG signals includes IMEG signals from the right ventricular

myocardium and/or the left ventricular myocardium.

[0015] A method according to other embodiments of the present invention, includes: a) detecting
the activity level of the patient; b) automatically collecting a series of intramyocardial electrogram
(IMEG) signals from the patient if the detected activity level of the patient is below a preset
threshold level for a predetermined amount of time; ¢) transmitting the collected series of IMEG
signals to a system or device external to the patient; d) using the external system or device to extract

a first parameter and a second parameter from at least a portion of the collected series of IMEG
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signals; ¢) generating a status indicator value that is directly proportional to the product of the first
parameter and the second parameter; f) repeating steps a) through e) at different times to generate a
plurality of status indicator values from the patient; and g) analyzing the plurality of status indicator
values to determine a change in the heart failure status of the patient. In one variation of this
embodiment, the collected series of IMEG signals includes IMEG signals collected from the right
ventricular septum of the patient. In another variation of this embodiment, the collected series of
IMEG signals includes IMEG signals collected from the right ventricular apex of the patient. In yet
another variation of this embodiment, the collected series of IMEG signals includes IMEG signals
collected from both the right ventricular septum and the right ventricular apex of the patient. In yet
another variation of this embodiment, the collected series of IMEG signals includes IMEG signals

collected from the right ventricular myocardium and/or the left ventricular myocardium.

[0016] In one variation of this embodiment, step d) further includes extracting a third parameter
from the at least a portion of the collected series of IMEG signals and step ¢) further includes
generating a second status indicator value that is directly proportional to the product of the first
parameter and the third parameter. In one embodiment, the first parameter is an amplitude value
(c.g., average amplitude) of the IMEG signals, the second parameter is a slew rate value (e.g.,
average slew rate) of the IMEG signals, and the third parameter is time duration (e.g., average time
duration) of the IMEG signals. In one embodiment, analyzing the plurality of status indicator values
includes examining one or more trends in the plurality of status indicator values over time (e.g.,
increases, decreases, plateaus, etc.). In some embodiments, analysis of the status indicator values is

performed by the external system.

[0017] A method according to other embodiments of the present invention includes detecting the
activity level of the patient; using a device implanted in the patient to automatically collect a series
of intramyocardial electrogram (IMEQG) signals from the right ventricular septum and the right
ventricular apex of the patient if the detected activity level of the patient is below a preset threshold
level for a predetermined amount of time; and using a device external to the patient to measure time
differences between the IMEG signals collected from the right ventricular septum of the patient and
the IMEG signals collected from the right ventricular apex. A method according to a variation of
this embodiment further includes analyzing changes in the measured time differences between the
IMEG signals collected from the right ventricular septum of the patient and the IMEG signals

collected from the right ventricular apex to determine a change in the heart failure status of the
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patient. A method according to another variation of this embodiment uses IMEG signals collected

from the right ventricular myocardium and the left ventricular myocardium.

[0018] A method according to yet another embodiment of the present invention includes: a)
detecting an activity level of the patient; b) automatically collecting a series of intramyocardial
electrogram (IMEG) signals from a right ventricular septum and a right ventricular apex of the
patient if the detected activity level of the patient is below a preset threshold value for a
predetermined amount of time; ¢) transmitting the collected series of IMEG signals to a system
external to the patient; d) using the external system to measure a time delay value between IMEG
signals from the right ventricular septum and IMEG signals from the right ventricular apex; ¢)
repeating steps a) through d) at different times to measure a plurality of time delay values from the
patient; and f) analyzing the plurality of time delay values to determine a change in the heart failure
status of the patient. A method according to a variation of this embodiment uses IMEG signals

collected from the right ventricular myocardium and the left ventricular myocardium.

[0019] The present invention also includes, in some embodiments, a system for monitoring the
heart failure status of a patient, which, for example, can be used to practice the methods of the
present invention. In some embodiments, a system according to the present invention includes an
implantable system implantable into a patient, and an external system external to the patient. In
some embodiments, the implantable system includes an implantable device configured to collect a
series of intramyocardial electrogram signals from one or more locations from the patient. The
implantable device, in some embodiments, is coupled to an activity sensor configured to detect an
activity level of the patient. In one such embodiment, the activity sensor is an accelerometer, such
as, for example, the accelerometer described in the methods discussed above. The implantable

system, in some embodiments, also includes one or more electrode leads

[0020] A monitoring system according to some embodiments of the present invention includes:
an activity sensor configured to detect an activity level of the patient; an implantable device coupled
to the activity sensor and configured to automatically collect a series of intramyocardial electrogram
(IMEG) signals from the patient if the activity level of the patient detected by the activity sensor is
below a preset threshold level for a predetermined amount of time; a device external to the patient
configured to receive the collected series of IMEG signals, extract a first parameter from at least a

portion of the collected series of IMEG signals, extract a second parameter from the at least a portion
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of the collected series of IMEG signals, and calculate a status indicator value that is directly
proportional to the product of the first parameter and the second parameter. In one variation, the
collected IMEG signals include IMEG signals collected from the right ventricular septum of the
patient. In another variation, the collected IMEG signals include IMEG signals collected from the
right ventricular apex of the patient. In another variation, the collected IMEG signals include IMEG
signals collected from the right ventricular myocardium of the patient. In yet another variation, the
collected IMEG signals include IMEG signals collected from the left ventricular myocardium of the

patient.
BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Reference is made to the accompanying drawings which show illustrative embodiments of

the present invention and which should be read in connection with the description of the invention.

[0022] FIG. 1 is a perspective diagram of a health monitoring system in accordance with the

illustrative embodiments of the present invention;

[0023] FIGs. 2A-C represent heart wave forms in accordance with the illustrative embodiments of

the present invention;

[0024] FIG. 3 is a graph illustrating heart rejection in accordance with the illustrative

embodiments of the present invention;

[0025] FIG. 4 is a block diagram of a monitor system in accordance with the illustrative

embodiments of the present invention;

[0026] FIG. 5 is an alternative embodiment of a monitor system in accordance with the illustrative

embodiments of the present invention;

[0027] FIG. 6 is an embodiment of an external monitor system in accordance with the illustrative

embodiments of the present invention;

[0028] FIG. 7 is an example of a screw-in myocardial electrode lead in accordance with the

illustrative embodiments of the present invention;
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[0029] FIG. 8 is a sample of heart data in accordance with the illustrative embodiments of the

present invention;

[0030] FIG. 9 is an illustrative graph of physical activity in accordance with the illustrative

embodiments of the present invention;

[0031] FIG. 10 is an example of data recorded by a monitor in accordance with the illustrative

embodiments of the present invention;

[0032] FIG. 11 is an example of data recorded by a monitor in accordance with the illustrative

embodiments of the present invention;

[0033] FIG. 12 is an example of data recorded by a monitor in accordance with the illustrative

embodiments of the present invention;

[0034] FIG. 13 is a graphical illustration of threshold levels in accordance with the illustrative

embodiments of the present invention;

[0035] FIG. 14 is a graphical illustration of adjusted threshold levels in accordance with the

illustrative embodiments of the present invention;

[0036] FIG. 15 is a flowchart for a process for inserting a heart monitoring device in accordance

with the illustrative embodiments of the present invention;

[0037] FIG. 161s a flowchart of a process for performing heart monitoring during sleep in

accordance with the illustrative embodiments of the present invention;

[0038] FIG. 17 is a flowchart of a process for measuring activity levels in accordance with the

illustrative embodiments of the present invention;

[0039] FIG. 18 is a flowchart of a process for detecting heart events in accordance with the

illustrative embodiments of the present invention;

[0040] FIG. 19 is an example page for demographics in a graphical user interface in accordance

with the illustrative embodiments of the present invention;
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[0041] FIG. 20 is an example page for patient listing in a graphical user interface in accordance

with the illustrative embodiments of the present invention;

[0042] FIG. 21 is an example page for a new patient enrollment in a graphical user interface in

accordance with the illustrative embodiments of the present invention;

[0043] FIG. 22 is an example page for setting parameters in a graphical user interface in

accordance with the illustrative embodiments of the present invention;

[0044] FIG. 23 is an example page for a recorded event in a graphical user interface in accordance

with illustrative embodiments of the present invention;

[0045] FIG. 24 is a flowchart of a process of monitoring a patient in accordance with further

embodiments of the present invention;

[0046] FIGs. 25A and 25B are graphs showing example data related to patient activity level

detected in accordance with some embodiments of the present invention;

[0047] FIGs. 26A-26C show example placement of electrodes in accordance with some

embodiments of the present invention;

[0048] FIGs. 27A and 27B show example electrodes which may be used in accordance with

embodiments of the present invention;

[0049] FIG. 28 shows an example system in accordance with some embodiments of the present

invention;

[0050] FIG. 29 shows an example IMEG signal collected in accordance with embodiments of the

present invention;

[0051] FIGs. 30A and 30B show examples of sinus and non-sinus beats in accordance with

embodiments of the present invention;

[0052] FIGs. 31A-31D show examples of collected data in accordance with embodiments of the

present invention;
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[0053] FIGs. 32A and 32B show examples of trend graphs produced in accordance with

embodiments of the present invention;

[0054] FIG. 33 shows a representation of the time difference between IMEG signals in accordance

with embodiments of the present invention;

[0055] FIG. 34 shows septal and apical IMEG signals collected over different days in accordance

with embodiments of the present invention; and

[0056] FIG. 35A-38D show animal data collected in accordance with an example of the present

invention.
DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

[0057] FIG. 1 is a perspective diagram of a heart monitoring system in accordance with
illustrative embodiments of the present invention. The heart monitoring system 100 of FIG. 1
includes various elements including a home 101, a patient 102, a monitor 104, a mobile receiver 106,

a transceiver 108, a network 110, a clinic 112, a computer 114, and a printer 116.

[0058] The heart monitoring system 100 monitors the health of the patient 102. In particular, the
heart monitoring system 100 may be used to monitor the overall physiological status of the patient
102. This includes, in some embodiments, the status of the patient's heart. For example, the patient
102 may have recently undergone a heart transplant surgery during which the monitor 104 was
surgically implanted. As a result, the health monitoring system 100 is able to record heart data
including potential symptoms of rejection. In other embodiments, monitoring system 100 is able to
record heart data including data which can be used to monitor the heart failure status of patient 102

and/or detect a change in the heart failure status of patient 102.

[0059] The monitor 104 is surgically implanted in the patient 102 to record, analyze and store
vital health information. The monitor 104 may be a physiologic status monitor without leads
attached to the patient's heart or may include electrode leads attached to the patient's heart and is
further described by FIGs. 4-8. The monitor 104 may function as an Implantable Rejection
Assessment Monitor (IRAM) and/or an intramyocardial electrogram (IMEG) monitor. In one
embodiment, the monitor 104 may record and store data when the patient 102 is sleeping, resting, or

in bed at home 101. This allows the monitor 104 to take more effective measurements because the
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patient 102 is not experiencing some of the electrocardiographic variations associated with
emotional or physiological stress, and/or other stimulus of wakefulness that may affect effective

heart measurements.

[0060] Data recorded, analyzed and stored by the monitor 104 may be wirelessly sent to the
mobile receiver 106 or the transceiver 108. The health monitor system may include the mobile
receiver 106, the transceiver 108, or both based on the needs of the patient 102. The monitor 104
may transmit the data using a low power radio frequency (RF) signal or other data signal for
communicating the recorded data to the mobile receiver 106 or the transceiver 108. For example,
the data signal may be a BLUETOOTH® or WIFI® signal or low-power equivalents. The monitor
104, mobile receiver 106, or transceiver 108 may format the data recorded by the monitor 104 for
transmission or communication. For example, the transceiver 108 may format the data into packets
for transmission across an Internet Protocol (IP) network. In other embodiments, the format may be
any communication format suitable for transmitting and reassembling the data sent from the monitor.
The monitor may transmit the data to the mobile receiver 106 and transceiver 108 using numerous
communication schedules. In one embodiment, the monitor 104 transmits the data at a specified
time each morning around the time the patient 102 is waking up from a nights sleep. In another

embodiment, the monitor 104 transmits data to the mobile receiver 106 and transceiver 108.

[0061] In different embodiments, the monitor 104 may communicate unidirectionally or
bidirectionally with the mobile receiver and transceiver 108. For example, the monitor 104 may
receive a handshake or verification signal from the mobile receiver 106 or transceiver 108 indicating
that data was successfully received during a transmission or that the data needs to be resent because
an error, fault, or other problem occurred during transmission. Alternatively, the transceiver 108
may communicate with the monitor 104 to send control signals, update software or logic, or send

other parameters for operational or administrative use by the monitor 104.

[0062] The mobile receiver 106 may be a battery powered wireless device for receiving data from
the monitor 104 and then retransmitting the data to a specified interface. The mobile receiver 106
may be worn by the patient 102 or otherwise attached to the patient 102 or the patient's clothing.
The mobile receiver 106 may use general packet radio service (GPRS), a global system for mobile

(GSM) communication data transmission technique that transmits data in packets rather than using a
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continuous channel. GPRS may allow the mobile receiver 106 to make efficient use of available

radio spectrum.

[0063] In one embodiment, the mobile receiver 106 may transmit the data to the transceiver 108.
In another embodiment, the mobile receiver 106 may transmit the data through a wireless interface
to the network 110. The network 110 may communicate the data to the computer 114 for subsequent
analysis by a doctor, technician, or medical specialist. The data may be stored in a database internal
to the computer 114 or externally connected. The wireless interface may be a network server,

website, or other interface that receives the data before communicating it to the computer 114.

[0064] The transceiver 108 may be a combination of hardware and software elements that receives
data from the monitor 104. In one embodiment, the transceiver communicates unidirectionally. In
other embodiments, the transceiver 108 may both send and receive data through the network 110.
The transceiver 108 may incorporate communications hardware, such as a local area network card,
modem, or other similar telemetry components for sending and receiving data through the network
110. The network 110 may be a private, public, hardwired, wireless, or virtual network or any
combination thercof. The transceiver 108 may be connected to the network wirelessly or through a
wired connection, such as a dial-up, cable, DSL, or other connection. A wireless connection may be
WiFi, WiMAX, satellite, or other wireless or cellular technology. For example, transceiver 108 may
be connected to a DSL line that communicates with the computer 114 through the network 110,

wherein the network 110 is the Internet.

[0065] The computer 114 may be a computing device equipped to receive data from a network.
The computer 114 may be a desktop computer, laptop, personal digital assistant (PDA), cellular
phone, or other data processing system. The computer 114 may include software or hardware for
reconstructing the data for display to a doctor or other user. The computer 114 may include a
graphical user interface or web browsing application for accessing the data from the monitor 104. In
one embodiment, the data from the monitor 104 may be stored in a web server that is part of the
network 110. The computer 114 may use a communications line to access, download, archive, or
otherwise use the data. For example, when the patient comes to the clinic 112 to visit with the
doctor, the doctor may use the computer 114 to show the patient 102 heart and activity levels.
Alternatively, the computer 114 may send data to the interconnected or wireless printer 116 to view

a hard copy of the data, data graphs, or other information.
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[0066] FIGs. 2A-C represent heart wave forms in accordance with the illustrative embodiments of
the present invention. FIGs. 2A-C may be measured by a heart monitor, such as monitor 104 of FIG.
1. FIGs. 2A-C include waveforms 202, 204, and 206. The waveforms 202, 204 and 206 may be
measured by one or more electrode leads attached to the heart. The electrode lead may be attached to
the right and left ventricles of the heart in various positions. For example, the electrode leads may be
mechanically attached to the surface of or penetrate into the myocardial muscle of the heart or they
may be positioned inside (e.g., floating inside) the ventricle of the heart. In other embodiments, the
electrodes are positioned on the outside of the heart. The waveforms 202, 204, and 206 represent the
depolarization and repolarization of cells in the neuromuscular fibers that result in contractions of
the heart. As a result, the waveforms 202, 204, and 206 represent the electrical activity of a cellular
contraction and an action potential. This activity occurs because of the interaction of sodium and
potassium within a membrane. Neuromuscular fibers both conduct electrical signals and are

muscular fibers that contract.

[0067] In FIG. 2A the P wave 208 represents atrial electrical activity which causes the atrium of
the heart to contract. The depolarization of the ventricle is the electrical signal that causes ventricular
contraction as represented by the Q wave 210, R wave 212, and S wave 214, The T wave 216

represents the electrical repolarization of the ventricles.

[0068] In FIG. 2B waveform 204 shows the leading edge of a cellular action potential including
the resting level 218, threshold 220, rising phase 222, peak 224, repolarization 226, and
hyperpolarization 228. The rise time or derivative of the voltage (dV/dt) of this leading edge changes
when a transplanted heart experiences the onset of rejection when the amplitude may or may not
change. Because these signals are in a higher frequency domain than that measured with a standard
electrocardiographic recorder, approximately .05 to 150 Hz, it is imperative to have a wider upper
frequency spectrum. The monitor amplifier used to view this signal should cover a frequency of 2-3
Hz at the low end to 250 to 300 Hz at the upper end. The resting level 218 is the fully repolarized
level before any new contractions may occur. The threshold 220 is when the electrochemical
reaction of sodium and potassium reaches a point at which cellular contraction is initiated. The rising
phase 222 is particularly important because it is the measure of the change in voltage over time
recorded by the monitor. The rising phase 222 may also be referred to as the rise time or slope. The

monitor is able to measure the change in voltage during the rise time.
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[0069] The rise time is the time that passes between the threshold 220 and the peak 224. For
example, if dV/dt is changing from 10mv/Ims to 10mv/l.5ms, indicating a slower cellular signal
propagation time, a heart transplant patient may be experiencing signs of rejection. In another
example, when a patient's dV/dt decreases, the patient's heart may be showing signs of an upcoming

cardiac event.

[0070] Hyperpolarization 228 is the voltage level below that of the resting potential. The
measurement of hyperpolarization sometimes appears on a surface electrocardiogram as an elevation
or depression of the voltage measured between the Q wave 210 and the T wave 216. Changes in this

value may indicate cardiac ischemia or poor myocardial oxygenation.

[0071] Most heart monitors only measure the peak 224 associated with the amplitude. Heart
monitors are unable to measure the slope of the waveform 204 with an ECG machine having a high
end frequency of approximately 150 Hz because the frequency component of interest is above 200
Hz. The amplitude may change based on electrode position which may vary as the patient breaths
and the heart contracts. However, the slope and rise time is relatively constant even when the

amplitude changes.

[0072] In FIG. 2C waveform 206 represents multiple, repetitive waveforms similar to the single
waveform 204, but as measured by an IRAM with a frequency response of 2-3 Hz at the low end to

250-300 Hz at the upper end.

[0073] FIG. 3 is a graph illustrating heart rejection in accordance with the illustrative
embodiments of the present invention. Graph 300 shows various elements including IMEG
amplitude and dV/dt 302, rejection line 304, timeline 306, heartbeat waveform 308, and points 310
and 312. Graph 300 illustrates that even though the amplitude of the heartbeat waveform 308 as
measured by an intramyocardial electrogram remains relatively consistent as shown by the heartbeat
waveform, the patient begins to experience rejection at point 310. Therefore, measuring amplitude

alone is not as effective as measuring both amplitude and slope in order to detect rejection.

[0074] A monitor, such as monitor 104 of FIG. 1, may be used to measure the change in voltage
of the heartbeat waveform 308 over time or dV/dt. As described in FIGs. 2A-B, as the IMEG
amplitude and dV/dt 302 begin to decrease, the dV/dt of the heartbeat waveform 308 begins to

decrease indicating that rejection or a significant cardiac event is likely to occur. Even though
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amplitude of the heartbeat waveform 308 may not indicate rejection is likely, by measuring the
change in voltage measured over time, a doctor may more effectively prescribe medications and take
other actions to prevent rejection, illness, or death of the patient. By detecting symptoms of rejection
carly the monitor allows the doctor more flexibility in treating the patient and the doctor may not be
required to use extreme levels of steroids, antibiotics, and other cardioactive pharmaceuticals that

may not be best for the patient's overall well-being.

[0075] FIG. 4 is a block diagram of a monitor system in accordance with the illustrative
embodiments of the present invention. The monitor system 400 includes various elements including
a receiver 402, a heart monitor 404, electrode leads 406 and 408, and a heart 410. The receiver 402
is a particular implementation of the portable receiver 106 or the transceiver 110 of FIG.1. The heart
monitor 404 and electrode leads 406 and 408 are particular implementations of the monitor 104 of
FIG. 1. The elements of the heart monitor 404 may be discrete components or may be a single
integrated circuit that may be programmed or otherwise configured with various hardware, software

and firmware surgically implanted in situ.

[0076] The heart monitor 404 further includes a magnetic reed switch 412, telemetry circuitry
414, a thermistor 416, a memory 418, a processor 420, analog to digital converters (A/D) and peak
detector 422, amplifiers (amp) 426, 428, 430, 432, and 434, and piezoelectric accelerometer 436.
The electrode leads 406 and 408 further include piezoelectric accelerometers 438 and 440. The heart
monitor 404 may be an internal heart monitor (IHM), implantable rejection assessment monitor
(IRAM), an implantable heart failure monitor (IHFM), an implantable transient event recorder
(ITER), or an external transient event recorder (ETER). In one embodiment, the electrode leads 406
and 408 may be connected to the heart 410 using the electrode leads 406 and 408. In other
embodiments, external ECG electrodes are employed or the heart monitor 404 may not require
electrodes to monitor the patient. Each embodiment may include one or more leads and the number
of the amplifiers 426, 428, 430, and 432 may also vary based on whether the piezoelectric

accelerometers are integrated as part of the electrode leads 406 and 408.

[0077] The receiver 402 may be an external telemetry device for wirelessly receiving data from
the heart monitor 404. The receiver 402 may include memory, logic, processor, and other circuitry
and software for receiving and processing data from the heart monitor 404. The receiver 402 may

also send data to the heart monitor 404, including a handshake, software, programming, and

16



WO 2010/132311 PCT/US2010/034121

parameter updates as previously described. In one embodiment, the receiver 402 may include a
series of colored lights or a screen for displaying text that may indicate whether data has been sent
and received. The colored lights may also specify whether the patient needs to call the doctor based
on the received data. For example, if everything is received and transmitted correctly a green light
may be displayed. If a red light is displayed, the receiver 402 may indicate that the patient needs to

call the doctor as soon as possible.

[0078] In one embodiment, the receiver may include memory and logic for determining whether
the received data indicates rejection, a heart event, or other condition that warrants immediate action
by the patient or the patient's doctor. For example, a text display may tell the patient to "take an extra

dose of antibiotics, aspirin, and call your doctor".

[0079] The heart monitor 404 may be formed from a titanium enclosure. Titanium produces on its
own, titanium oxide, which is body-compatible and is used in conventional cardiac pacemakers. The
heart monitor 404 may also be plastic or a composite. All of the components within the heart
monitor 404 are body compatible and are secured in place. The implantable heart monitor 404 is
vacuum sealed and impervious to body fluids. The electrode leads 406 and 408 connect to the heart
monitor 404 through a glass-to-metal feed-through, or some other acceptable feed-through that
allows the electrode leads 406 and 408 to be connected to the internal electronics of the heart

monitor 404.

[0080] The power source 424 may be a battery or other power device. In one embodiment, the
power source 424 is a lithium iodine or lithium silver chromate battery because of the extremely
long battery life. Alternatively, the power source 424 may be any other solid state power device

based on the power requirements.

[0081] The processor 420 is a micro processing device or unit for performing calculations,
analysis, and coordinating the operation and control of the heart monitor 404. The processor 420
may include logic for controlling the functions and monitoring capabilities of the IRAM 420. The
thermistor 416 may be a thermometer or a variety of temperature sensitive semiconductor elements.
The thermistor 416 allows the heart monitor 404 to determine the patient's temperature which may

indicate whether there is any infection or whether symptoms are temperature related.
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[0082] The memory 418 is a storage device for storing digital or analog data as measured by the
electrodes 406 and 408. The memory 418 may be nonvolatile memory such as random access
memory (RAM), flash memory, or a miniaturized hard drive. The A/D and peak detector 422 may be
used to convert analog data measured from the heart 410 into digital signals for storage in the
memory 418. The A/D and peak detector 422 may also be used to measure the peak amplitude of the
heartbeat as recorded. The data may be converted from analog form to digital for ease of storage in

the memory 418 or for easier or subsequent transmission to the receiver 402.

[0083] The clectrode leads 406 and 408 may be attached in any number of locations within the
heart. In particular, there are three main vascular beds in the heart 410. In some embodiments, the
electrodes may be connected in two to four locations. By monitoring the heart in multiple sites, plus
a reference point in the atrium of the heart 410, the monitor 400 may perform a more sensitive
evaluation of the eletrocardiographic changes in the signal amplitude and morphology or shape of
the wave. The electrode leads 406 and 408 allow for a more accurate reading than an
endomyocardial biopsy. In one example, the left lead, electrode lead 408, may be placed via the

coronary sinus.

[0084] Various amplifiers 430, and 432 are required for the electrodes 406 and 408 of the heart
monitor 404. Each amplifier may detect unipolar myocardial signals from the screw-in or
transvenous electrode leads 406 and 408 placed in either the atrium or ventricle. The processor 420
may switch the amplifiers to sequentially record the signal amplitudes using the A/D and peak
detector 422. The maximum and minimum amplitudes recorded in any given period of time, such as
every four hours, eight hours, or twenty four hours are used to obtain an average amplitude value.

The average amplitude may also be determined for each activity level.

[0085] The amplifiers 426, 428, 430, 432, and 434 are used for the heart monitor 404 and may
have a band pass characteristic for the different signals that may be detected, monitored, recorded
and stored. For example, an external transient event recorder (ETER) may have a band pass filter
centered at approximately 28 Hz. This band pass is sensitive to varying cardiac rhythms as measured

by the heart monitor 404. The narrow band pass filter reduces baseline drift as the patient moves.

[0086] If the monitor is monitoring an electrocardiogram signal (ECG), the center frequency may
be approximately 80 Hz. This amplifier and filter is sensitive to baseline changes or drift due to

motion and would require a correction algorithm be performed for the monitored signal by the
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processor 420. For an IRAM monitor, the center frequency would be approximately 200 Hz which is

required to detect the signals that have been identified to change during heart rejection.

[0087] The piezoelectric accelerometer 436 may be a three axis piezoelectric sensor that
determines both the position and activity level of the patient at any given time. The piezoelectric
accelerometer 436 determines the activity level of the patient by converting the motions of the
patient into an electrical signal that may be filtered or amplified by the amplifier 434 to generate a
signal that may be used by the processor 420 to determine the activity level for storage in the
memory 418. The piezoelectric accelerometer 436 may be used to initiate the recording of data by

the electrodes 406 and 408.

[0088] In another embodiment, the piezoelectric accelerometer 436 may be used as an acoustic
microphone to listen for lung sounds. For example, the piczoelectric accelerometer 436 may be used
to determine whether a patient has pulmonary edema, mitral stenosis, pulmonary congestion,
pneumonia, or other lung problems. The previously described library may also include lung related
sounds for determining whether the piezoelectric accelerometer 436 has determined a lung issue that

may need to be reported to the doctor.

[0089] The piezoelectric accelerometers 438 and 440 may detect acceleration in one or more
directions. In one embodiment, the piezoelectric accelerometers 438 and 440 may be unidirectional
accelerometers for measuring the motion of the different parts of the heart 410. The piezoelectric
accelerometers 438 and 440 are positioned within the electrode leads in order to best sense the
motion of the heart 410. The piezoelectric accelerometers 438 and 440 may also be used to measure

not only the occurrence of a heart contraction, but the force of the heart contractions as well.

[0090] The telemetry circuitry 414 is the circuitry used to wirelessly transmit data to the receiver
402. The telemetry circuitry 414 may use any number of wireless protocols to send the data to the
receiver 402. Telemetry protocols may include any number of RF signals including Bluetooth, WiFi,
a specialized medical signal, and other protocols using low power signals. The telemetry circuitry
414 may include a transmitter and in some cases a receiver for receiving verification that the
recorded data has been received by the receiver 402. During the time that the telemetry circuitry
transmits data to the receiver 402, the processor 420 may disable the amplifiers 426, 428, 430, 432,
and 434 for a short period of time in order to conserve power and ensure that the data transmission

does not interfere with the detection of cardiac signals. The telemetry circuitry 414 may terminate
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sending or retrying to send data once a handshake or confirmation signal is received from the

receiver 402.

[0091] In another embodiment, the telemetry circuitry 414 may use radio frequency identification
(RFID). For example, the telemetry circuitry 414 may only be activated when in proximity to the
receiver 402. The receiver 402 may temporarily power and receive data from the heart monitor 404

by transmitting a power signal similar to the use of RFID tags.

[0092] The magnetic reed switch 412 may be used to manually activate the heart monitor 404 to
send the recorded data. The magnetic reed switch 412 may be activated by placing an activation
magnet over the monitor. The magnetic reed switch 412 may be any variety of magnetically
sensitive semiconductor elements. For example, if the patient has experienced a heart event, the
patient may use a magnet to activate the magnetic reed switch 412 to send the recorded data from the

telemetry circuitry 414 to the receiver 402.

[0093] FIG. 5 is an alternative embodiment of a monitor system in accordance with the illustrative
embodiments of the present invention. Monitor 500 includes most of the elements described in FIG.
4 with a few exceptions. In monitor 500, the electrodes 406 and 408 do not include piezoelectric
accelerometers and as a result there is no need for additional amplifiers. For example, the monitor
500 may be an internal transient event recorder (ITER) for recording heart events and subsequently

notifying the doctor and/or patient through the receiver 402.

[0094] In monitor 500, the electrode lead 406 may be placed in the right atrial appendage for
detecting near field P waves and far field R waves. Alternatively, the electrode lead 406 may be
placed in the right atrial appendage for detecting P waves and the electrode lead 408 may be placed

in the right ventricle for detecting R waves independently.

[0095] FIG. 6 is an embodiment of an external monitor system in accordance with the illustrative
embodiments of the present invention. External monitor 600 may include many of the elements
previously described for FIGs. 5 and 6. The external monitor 600 further includes GPRS circuitry
602, button 603, and electrocardiogram electrodes 604, 606, and 608. In addition, the health monitor
system of FIG. 6 includes patient 610, GPRS server 612, and web interface 614. The external
monitor 600 may be worn or attached to the patient 610 in any number of ways. For example, the

external monitor 600 may be worn on the patient's belt for convenience and easy access.
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[0096] The ECG clectrodes 604, 606, and 608 are attached to the patient 610 in the traditional
manner. In one embodiment, once a heart event or other important data is recorded by the external
monitor, the GPRS circuitry 602 may automatically transmit the data to the GPRS server 612 using
the GPRS protocol. The GPRS circuitry may include the software and hardware necessary to send
and receive data using GPRS. The doctor, patient, or other user may be provided access to the web
interface 614 to review the monitored heart data. The web interface 614 may require that the GPRS
server 612 be provided a password, authentication, or other security element for ensuring that the
patient's data is only accessible by authorized parties. In one embodiment, the GPRS server 612 may
automatically send an alert, email, or other message to the doctor, patient, or other user indicating

that the external monitor 600 has recorded and transmitted heart event data.

[0097] Alternatively, the patient, upon feeling a symptom believed to be heart related, may
activate the button 603. Once asserted, the button 603 sends a transmit signal to the GPRS circuitry
602 that automatically transmits the heart event data recorded by the external monitor and
corresponding ECG electrodes 604, 606, and 608 to the GPRS server 612 indicating that this
transmitted data was associated with a symptom. The power source 424 of the external monitor 600
may be rechargeable so that the patient may easily charge the external monitor 600 at night or add
new batteries as needed. For example, the patient 610 may place the external monitor 600 in a
charging cradle at night for mobile use during the day, much like a cellular phone or, if separate
rechargeable batteries are used, replace the batteries in the device with fully recharged batteries and

place the depleted batteries into the battery charger.

[0098] FIG. 7 is an example of a screw-in myocardial electrode lead in accordance with the
illustrative embodiments of the present invention. An electrode lead 700 includes various elements
including a screw-in tip 702, a piezoelectric accelerometer 704, wires 706, 708, and an electrode
710. The electrode lead 700 is a particular implementation of the electrode leads 406 and 408 of
FIG. 4. The heart monitor preferably includes two electrode leads with one of the leads placed such
that both right ventricular contractions and right ventricular depolarization signals may be detected.
The second lead is preferably positioned such that both left ventricular contractions and left
ventricular depolarization signals may be detected. However, any number of lead configurations may

be used that allow both electrical and mechanical signals to be effectively received for monitoring.
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[0099] The screw-in tip 702 is used to connect the electrode lead 700 to the muscle of the heart.
The screw-in tip 702 may be attached myocardially or transvenously. Transvenous leads are passed
into the heart via a vein and the screw tip is deployed after venous insertion. The electrode lead 700
may have an active fixation tip, such as the screw-in tip 702 or may include a passive fixation tip

when placed transvenously.

[00100] The piezoelectric accelerometer 704 may be used to measure movement of the heart or
alternatively may be used to measure the force of the contraction. The piezoelectric accelerometer

704 may be a variety of different sizes, thicknesses, shapes and metalization options.

[00101] As mentioned, the piezoelectric accelerometer 704 may be used as a microphone using a
technique of acoustic cardiology. With acoustic cardiology, timing events are monitored using heart
sounds, such as valve closure, which are a second order effect of the ventricles contracting. By using
a piezoelectric sensor in the electrode lead 700, the monitor may record the primary indicator of

ventricular contraction for determining the condition, strength, and relative performance of the heart.

[00102] The piezoelectric accelerometer 704 is connected to the monitor on one end and the
electrode through the wire 706. The electrode 710 acts as a reference point to the piezoelectric
accelerometer 704 and makes contact with body tissue. The voltage and current measurements
recorded by the piezoelectric accelerometer 704 are passed to the monitor through wire 706. The
wires 706 and 708 may be any transmission medium able to conduct signals received from the
screw-in tip 702 and piezoelectric accelerometer 704 to the body of the monitor. In one embodiment,
the piezoelectric accelerometer 704 is connected to an amplifier, such as amplifier 426 of FIG. 4
which is referenced to the titanium enclosure that is in contact with subcutaneous body tissue. The
right ventricular screw-in lead tip 702 is connected to the amplifier 430 by the wire 706. The wire
708 passes-through the electrode 710 without making contact. For example, the electrode 710 may
include an insulated pass-through by which the wire 708 continues without making electrically
contacting the electrode 710. Amplifier 430 of FIG. 4 is also referenced to the titanium enclosure

that is in contact with subcutaneous body tissue.

[00103] Thus, both the piezoelectric accelerometer 704 and the screw-in electrode 702 are
connected to amplifiers referenced to the patient's subcutaneous tissue for measurement of both the

mechanical movement of the right ventricle and the electrical depolarization signal or IMEG. A
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similar configuration for amplifiers 428 and 432 of FIG. 4 exists for the left ventricular electrode

lead.

[00104] The use of electrode lead 700 is particularly useful for the monitor because of the ability to
measure the contractile movement, contractile force, and timing of the contraction. The timing
measurements are particularly useful when the two leads are attached to the left and right ventricle.
The electrode lead 700 may also be used for cardiac pacing in the case where pacemaker

functionality is integrated with the monitor.

[00105] FIG. 8 is a sample of heart data in accordance with the illustrative embodiments of the
present invention. Table 800 includes various elements including an IRAM serial number 802, a
patient number 804, a protocol 806, and a date 807. Various data may be recorded by electrode lead
1 808 and electrode lead 2 810. The data for electrode leads 1 and 2 808 and 810 includes a number
of readings 812, IMEG amplitude 814, average IMEG average 816, IMEG amplitude 818, time 820,
dV/dt 822, and average dV/dt 824.

[00106] Table 800 is an example and shows only two sets of monitored and recorded heartbeats for
two, five minute intervals. The recorded data of table 800 may include any number of data sets. All
or a portion of the data may be recorded and/or subsequently transmitted to the receiver. Also, the
averages of all the averages may be made so that there is only one value for the average IMEG

amplitude 816 and the average dV/dt 824.

[00107] FIG. 9 is an illustrative graph of physical activity in accordance with the illustrative
embodiments of the present invention. Graph 900 includes various sections including section 902
and section 904. The x-axis represents physical activity level 906 and the y-axis represents time 908
throughout the day. Section 902 indicates increased physical activity levels as sensed by

piezoelectric accelerometers in a monitor, such as monitor 104 of FIG. 1.

[00108] Section 902 indicates increased physical activity levels when the patient is awake and
performing various activities. For example, the patient may be walking and performing the activities
of the day. Section 904 indicates decreased activity levels when the patient is sleeping or profoundly
resting. The assessment of various activity levels is made by monitoring the acceleration change in

the piezoelectric accelerometer per unit time or dA/dt.

23



WO 2010/132311 PCT/US2010/034121

[00109] The monitor may be set to monitor only and/or monitor and record physical activity using
a looping method to record events when the patient is awake and asleep or either awake only or
asleep only. During the activity levels shown in 902 the monitor is not recording samples as

described.

[00110] Section 904 indicates decreased activity levels when the patient is sleeping or profoundly
resting. Once the reduced activity levels of section 904 are detected, the signals from the
piezoelectric accelerometer may activate the monitor to record heart data while the patient is
sleeping and to suspend recording when activity levels indicate the patient is awake as shown by
section 902. This is extremely beneficial when used to monitor transplant patients for rejection since

only monitoring of IMEG and dV/dt data during sleep is useful in detecting rejection.

[00111] FIG. 10 is an example of data recorded by a monitor in accordance with the illustrative
embodiments of the present invention. FIG. 10 includes graph 1002, graph 1004, and graph 1006.
Graphs 1002, 1004, and 1006 illustrate activity data that may be collected for a patient that is
experiencing improving health. Graphs 1002, 1004, and 1006 may be displayed to a patient, doctor,
or other specialist or user for graphically representing the progress of the patient. The graphs 1002,
1004, and 1006 may be part of a graphical user interface of a computing device or may be displayed
independently. The person viewing the graphs 1002, 1004, and 1006 may specify values, parameters,
or conditions for displaying the data. For example, the data may be shown for each hour of each day

or for every other day as selected by the user.

[00112] Graph 1002 includes data for activity energy. The activity may be monitored by a
piezoelectric accelerometer, such as piezoelectric accelerometer 436 of FIG. 4. The activity data is
recorded by a monitor, such as monitor 104 of FIG. 1. As shown, graph 1002 indicates that the
activity energy of the patient has been steadily increasing over time which may indicate that the

health of the patient is improving.

[00113] Graph 1004 includes data for energy duration. Energy duration may specify the amount of
time the monitor records the patient performing activity above a specified threshold. For example,
any recorded activity level that does not include sleeping may be displayed in the graph 1004. As a
result, the graph 1004 may specify the amount of time a patient is awake and active for determining

the energy level of the patient.
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[00114] Graph 1006 includes data for combined sensor data. Graph 1006 may be a combination of
data and factors. For example, graph 1006 may include the data measurements as shown in graph
1002 and 1004. As a result, a doctor may more easily evaluate the condition of the patient based on
the activity levels performed by the patient and the amount of the time the patient spends performing

that activity.

[00115] FIG. 11 is an example of data recorded by a monitor in accordance with the illustrative
embodiments of the present invention. FIG. 11 includes graph 1102, graph 1104, and table 1106
similar to those of FIG. 10. Graphs 1102, 1104, and table 1106 illustrate activity data that may also

be collected for a patient that is experiencing improving health.

[00116] The graph 1102 indicates the activity duration. Graph 1102 may indicate the amount of
time the monitor records the patient active at one or more activity levels as measured per hour, day,
week, month or year. For example, graph 1104 may display the amount of time the patient engages
in significant activity each day. Graph 1104 may specify the energy duration for one or more activity

levels as selected by the user.

[00117] The graph 1104 is an indirect assessment of physiological status. The indirect assessment
of physiological status may include a number of values or factors. The graph 1104 may include data
that is scaled, averaged, or otherwise mathematically manipulated to provide a graphical
representation, such as a bar chart, of the overall health of the patient. For example, graph 1104 may
include an average for all recorded activity levels and the duration the patient is active in that

activity level as well as a factor for sleep.

[00118] Table 1106 may include any number of data values measured by the monitor. Table 1106
may show data as recorded for each day. Table 1106 may include data values for activity (reciprocal
of sleep), the activity threshold or exercise level, and the activity duration or time of exercise. This
data may be added to form a total that may be used for a doctor in measuring all activity parameters
for a patient in order to obtain a more sensitive and specific evaluation of a patient's overall health

status.

[00119] FIG. 12 is an example of data recorded by a monitor in accordance with the illustrative
embodiments of the present invention. FIG. 12 includes graph 1202 and table 1204. 1202 may
indicate the target or overall health level of the patient. Table 1204 illustrates data that may be
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measured and recorded to generate graph 1202. Graph 1202 and table 1204 suggest that the patient's

health status is deteriorating.

[00120] FIG. 13 is a graphical illustration of threshold levels in accordance with the illustrative
embodiments of the present invention. The monitor previously described may be constantly
monitoring and recording data or may only record data that is above or below a specified threshold.
The threshold may be a specified activity level as measured by the monitor, piezoelectric
accelerometers, or both. Graph 1300 illustrates various threshold levels including threshold A 1302,
threshold B 1304, threshold C 1306, and threshold level D 1308. The thresholds level 1 1310, level 2
1312, level 3 1314, and level 4 1316 are represented by dotted lines as shown. The x-axis 1318 of
the graph 1300 represents time and the y-axis 1320 of the graph represents piezoelectric
accelerometer output. The piezoelectric accelerometer output may be measured by one or more
piezoelectric accelerometers or a multi-axis accelerometer in the body of a heart monitor, such as
monitor 104 of FIG. 1. The piezoelectric accelerometer output of the y-axis 1320 may be represented
by a voltage that indicates the level of energy that the patient is imparting to his/her motions. The
monitor may record the activities of the patient throughout the day and data corresponding to the

activity level and duration of time the patient spent at that activity level.

[00121] Levels 1-4 1310, 1312, 1314, and 1316 represent the automatically self-adjusting settings
for activity threshold. For example, when the patient is home after surgery and spends several days
in bed recovering from an illness, surgery, etc., the auto-threshold level may decrease until the

patient begins the recovery process.

[00122] FIG. 14 is a graphical illustration of threshold levels in accordance with the illustrative
embodiments of the present invention. The Levels 1-4 1310, 1312, 1314, and 1316 have been auto-
adjusted based on the recent activity of the patient recovering from an illness. As a result, the graph
1300 shows automatically self-adjusting threshold levels A-D 1302, 1304, 1306, and 1308 as the

patient begins to improve and increases his/her activity level.

[00123] As shown in graph 300 of 13B, the Levels 1-4 1310, 1312, 1314, and 1316 have all
automatically increased above the next threshold level. The adjustment shown in graph 300
illustrates the categorization of activity into different activity levels based on trends and patient
history. In one embodiment, the auto-adjustment of the levels 1-4 1310, 1312, 1314, and 1316 may

be performed by the monitor. The space, voltage or y-axis 1320 between levels 1-4 1310, 1312,
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1314, and 1316 are not necessarily linear. Statistical analysis maybe used to auto-set the different
threshold levels A-D 1302, 1304, 1306, and 1308 in order to characterize different activity
measurements into the corresponding levels 1-4 1310, 1312, 1314, and 1316. The Levels 1-4, 1310,
1312, 1314, and 1316 may also be auto-adjusted downward if the patient suffers a recovery relapse
or other setback that affects the activity level measured by the monitor. For example, if the patient is
recovering from an illness, the patient is less likely to spend time sleeping or resting when

recovering is progressing as it should.

[00124] FIG. 15 is a flowchart for a process for inserting a heart monitoring device in accordance
with the illustrative embodiments of the present invention. The process of FIG. 15 may be
implemented for a transplant patient or other patient that needs physiological or heart monitoring.
The process of FIG. 15 may be implemented by a surgeon, cardiologist or other medical technology
specialist. The process of FIG. 15 allows an intramyocardial electrogram to be taken using

myocardial leads or transvenous leads.

[00125] The process of FIG. 15 begins, after the patient is medically prepped and anesthetized, as
with most surgical procedures, by attaching the leads to the patient's heart (step 1502). The
electrodes or leads may be pacemaker style electrode leads or modified pacemaker style electrode
leads containing piezoelectric sensors for measuring both the electrical and mechanical activity of
the heart. In one embodiment, the leads may be myocardial screw-in leads typically used for
pacemaker applications that are designed to screw into the myocardial wall of the heart much like a
corkscrew. In another embodiment, the leads may be inserted transvenously. A transvenous lead
would be passed through a vein to the right ventricle. An incision in the deltoid-pectoral groove in
the upper left or right chest area may be used to find a vein in order to insert the transvenous lead
rather than inserting the leads into the heart using a thoracotomy or other extremely invasive and

dangerous procedure.

[00126] The transvenous lead may still have a screw tip, but the screw is retracted into the body of
the lead. Once the lead is passed transvenously to the right ventricle, the back end of the lead
connector may be rotated to deploy a corkscrew tip if the lead is an active fixation design or it may
be a passive fixation element whereby the lead is wedged into the trabeculae carne. The two leads
may be inserted into the right ventricle. One lead is inserted for contact to the right ventricular

septum, which is the wall separating the right ventricle from the left ventricle. The right ventricular
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septum is anatomically part of the left ventricle and sensing of its mechanical movement may be
detectable with a piezoelectric equipped electrode lead. The other lead is inserted into the apex of the

right ventricle or the right lateral wall for measuring the right ventricle.

[00127] Next, the surgeon attaches the leads to the implantable rejection assessment monitor
(IRAM). The surgeon further surgically implants the IRAM (step 1506) with the process terminating
thereafter. The IRAM may be securely implanted in a subcutaneous pocket of the abdomen or in the
deltoid-pectoral area of the shoulder. The surgical procedure may be performed in a hospital
catheterization laboratory or a special procedures room typically with the patient usually under local

anesthetic.

[00128] FIG. 16 is a flowchart of a process for performing heart monitoring during sleep in
accordance with some illustrative embodiments of the present invention. The process of FIG. 16 may
be performed by the IRAM or heart/physiological status monitor referred to hereinafter as the

monitor after having been surgically implanted.

[00129] The process begins with the monitor determining whether the patient is sleeping (step
1602). The determination of step 1602 is made in order to take readings and measurements of the
heart. Ideally, the best time to take measurements for transplant rejection is during alpha sleep or the
sleep before rapid eye movement (REM) sleep begins. During the first few hours of sleep, the user is
most likely to have a steady heart rate, reduced emotional stress, and other factors that make

measurements taken at that time the most accurate for determining heart and physiological status.

[00130] The process of FIG. 16 may continuously verify whether the patient is sleeping in order to
ensure the uniformity of data. For example, if the monitor determines that the patient is not asleep in
step 1602, the measurements of any data go on hold until the patient is asleep again. This provides

uniform data that may be statistically analyzed over time. As a result, measurements of the heart are
performed more reliably with greater effectiveness for a real world environment where the patient is

sleeping and most comfortable.

[00131] The determination that the patient is asleep may be made in any number of ways and using
a combination of information and data. In one embodiment, the monitor and specifically
piezoelectric accelerometers within the monitor may determine the physical position of the patient.

The patient is more likely to be sleeping when positioned horizontally or reclined. The monitor may
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also use the heart rate of the patient to determine whether the patient is active or resting. For
example, even though the patient is partially reclined in a reclining chair the patient may be
watching an action movie that has stimulated emotional stress so that adrenaline causes his heart to
pump faster than normal. Even though reclined, this is not an ideal time to take heart measurements.
The monitor may also use previous patterns to use existing data and historic data to determine when
the patient is sleeping. In yet another embodiment, the piezoelectric sensor within the monitor may
be used to determine that the patient is sleeping by monitoring the activity variance or dA/dt, where
dA/dt 1s a change in activity per unit time. Little or no activity variance is a good indicator that the

patient is sleeping.

[00132] If the patient is not sleeping, step 1602 is repeated until the monitor determines that the
patient is asleep. Once the patient is determined to be asleep in step 1602, the monitor measures the
amplitude and dV/dt of the intramyocardial electrogram (IMEG) of the right ventricle and left
ventricle for a predefined number of heartbeats at a specified time interval (step 1604). The
measurements of the left and right ventricle for amplitude and dV/dt may be made individually or
simultancously. In one example, the monitor may have a predefined number of ten heartbeats to
evaluate and a specified time interval to view ten heartbeats every five minutes. As a result, the
monitor records ten heartbeats every five minutes for amplitude and dV/dt for each ventricle or lead.
In some patients, the heart rate is naturally elevated because of transplant, drugs or other factors.
Measurements for the predefined number of heartbeats may be measured much faster because of

their naturally faster heart rate.

[00133] The monitor averages the peak amplitude and dV/dt of the IMEG for each measurement to
calculate a measurement average of amplitude and dV/dt (step 1606). By taking a running average,
the monitor is able to accurately monitor heart statistics while minimizing the values that must be
stored in memory. As a result, the monitor may take a very large sample size each night or each time
the patient sleeps for providing the patient's doctor important information regarding heart and

physiological status.

[00134] The monitor determines whether the measurement threshold is met (step 1608). The
measurement threshold is a specified number of measurements or samples. The measurement

threshold may be set by default or may be communicated to the monitor by the patient's doctor based
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on circumstances and need. For example, the measurement threshold may be thirty six samples for

each ventricle and based on twelve measurements per hour for three hours.

[00135] If the measurement threshold is not met, the monitor determines whether the patient is
sleeping (step 1602). If the monitor determines the measurement threshold is met in step 1608, the
monitor averages the respective measurement averages for all measurement intervals to calculate an
overall measurement average for both ventricles (step 1612). The overall average is a single number
for amplitude and dV/dt for each ventricle. In another embodiment, the overall average of step 1612

may be a single number for the entire heart for amplitude and dV/dt.

[00136] Next, the monitor transmits the overall average for amplitude and dV/dt for each ventricle
and a representative sample rhythm IMEG or electrocardiogram (ECG) strip to a receiver (step
1614) with the process terminating thereafter. The data may be transmitted in a number of different
ways. In one embodiment, the data may be transmitted at a predetermined time, such as 7:00 a.m.
every morning. In another embodiment, the overall averages may be transmitted to the receiver at
any time the monitor detects the presence of the receiver for transmission. In yet another
embodiment, the overall averages may be transmitted to the receiver when the patient awakes from
sleep evidenced by an increase in the monitored activity variance, dA/dt. The receiver may be a unit
that is connected to a communications line, such as an Internet connection or a modem for sending
data to a data processing system, server, or other computing platform for access by the doctor. In
another embodiment, the patient may wear the receiver on a belt or harness and may use wireless
technology, such as general packet radio service (GPRS) to transmit the data to a data processing
system, server, or other computing platform for access by the doctor. The receiver may also be a

specially programmed cellular phone designated to send and receive data from the monitor.

[00137] The representative sample is one entire sample measurement that is recorded by the
monitor. The representative sample illustrates the entire heartbeat wave form for analysis and
understanding of the condition of the patient's heart. For example, the representative sample may
show a ten beat pattern for both the left and right ventricle. The representative sample transmitted
during step 1614 allows a doctor or other specialist to see what is happening with the heart in order
to perform other analysis or determinations. The representative sample also indicates the quality of
the signal being received by the monitor ensuring that the monitor is working properly and that the

electrodes are still properly connected.
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[00138] The monitor may also be configured to continuously watch for a heart event, such as
arrhythmia, trigeminy, bradycardia, tachycardia, and premature ventricular contractions (PVC).
When an event is detected, the monitor may immediately transmit the information to the receiver for
transmission and subsequent analysis by the doctor. The monitor may also transmit based on a

predefined time period or other preferences.

[00139] FIG. 17 is a flowchart of a process for measuring activity levels in accordance with the
illustrative embodiments of the present invention. The process of FIG. 17 may be implemented by a
heart monitor or physiological status monitor. The process of FIG. 17 begins by starting a timer (step
1702). The timer ensures that the monitor transmits information or a status report once a day

regardless of the sleeping activity of the patient.

[00140] The monitor then determines an activity threshold (step 1704). The activity threshold may
be determined using various information and factors. The activity threshold may indicate the current
activity level of the patient. The activity level indicates the amount of energy detected by the
piezoelectric sensors in the monitor imparted by the patient's movements. In one embodiment, the
activity level is determined by a piezoelectric accelerometer within the monitor that specifies the
level of movements being performed. The thresholds are based on the output of the accelerometer
which may be a voltage, other digital signal, or analog signal. There may be any number of activity

thresholds, tiers, or ranges that indicate a specified activity level.

[00141] In one embodiment, there are four thresholds, any activity less than the first threshold
indicates that the patient is asleep. Activity above the first threshold, but below the second threshold,
indicates the patient is performing moderate movement. Activity above the second threshold, but
below the third threshold, indicates that the patient is performing significant movement. Activity
above the third threshold, but below the fourth threshold, indicates that the patient is performing
vigorous movement. All activity for the patient throughout the day may be categorized into one of
the threshold levels. The activity thresholds specify a categorization for each activity level. In
another example, the activity level may be determined based on the heart rate of the patient and the

activity as determined by the piezoelectric accelerometer.

[00142] The monitor determines whether to adjust the activity thresholds (step 1706). The
determination to adjust the activity threshold may be made on past data trends or based on new

activity levels. For example, if the patient has recently been performing vigorous movement, the
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threshold level may be higher than if the patient was relatively sedentary. Some patients may never
reach the point of performing vigorous movement. As a result, the threshold levels are automatically
set and modified based on the measured activity of the patient. The determination of step 1706 may
be made by a processor, logic, memory, and piezoelectric sensors within the monitor. The initial
threshold ranges or values may be set arbitrarily or based on values determined for previous patients

with similar circumstances.

[00143] If the monitor determines to adjust the activity threshold, then the monitor adjusts the
activity thresholds based on the activity level (step 1708). Different patients may have different
threshold levels. For example, many patients are naturally very active and may have higher threshold
levels whereas other users are by nature much more sedentary or inactive. In another example, the
active patient may get very sick or undergo a transplant necessitating an adjustment of the activity
thresholds as the patient recovers and slowly returns to a more active lifestyle. The activity threshold
i auto-set by the monitor based on actual patient activity measured by the monitor as objectively
measured by one or more piezoelectric accelerometers. Next, the monitor determines the activity

threshold (step 1704).

[00144] If the monitor determines not to adjust the activity threshold in step 1706, then the monitor
determines whether the threshold level is one or below or two or above (step 1710). If the threshold

is at one, the monitor measures and stores the sleep time and temperature (step 1712).

[00145] If the monitor determines the threshold is two or above, the monitor measures and stores a
recording of time awake, activity amplitude, activity duration, and temperature (step 1714). By
measuring and storing activity level measurements it is easy to see whether a patient is improving,
getting worse, or stable with regard to physical activity. As a result, a doctor may objectively
categorize a person's health based on activity. The data stored by the monitor is particularly suitable
for graphing activity levels over time. The time awake indicates whether the patient is sleeping
enough and active during the day. The activity amplitude and duration indicate what activity level is

being reached and for how long.

[00146] After steps 1712 and 1714, the monitor determines whether to transmit data (step 1716). In
one embodiment, the monitor may not transmit the data until the timer has reached a specified value

or range. The determination may be made based on availability of the receiver, amount of stored
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information, or other factors. If the monitor determines not to transmit data in step 1716, the monitor

determines the activity threshold (step 1704).

[00147] If the monitor determines to transmit data in step 1716, the monitor transmits
measurements to a receiver (step 1718). The receiver may be a hardwired unit that is connected to a
communication line. Alternatively, the receiver may be worn by the patient and may use wireless
technology to broadcast the recorded data to a specified device, interface, pod, server, or recipient.
Next, the monitor may determine whether there is a handshake (step 1720). The handshake indicates
whether the information was properly received. For example, the handshake may be received from a
transceiver if the data transmitted from the monitor is received without errors. The handshake may
be a confirmation or other signal indicating the data has been successfully received. If there is not a
handshake, the monitor may wait for a period of time (step 1720) and determines whether to transmit

the data (step 1716).

[00148] If the monitor determines there is handshake in step 1720, the monitor may clear the
memory and resets the timer (step 1724). The memory may be cleared to make space for new data.
The reset timer may indicate that data has been transmitted for that day or other specified time
period and is reset to begin again. The monitor starts the timer (step 1702). The process of FIG. 17 is
repeated continuously to monitor the status of the patient. As a result, doctors or other medical
personnel may use the data measured and stored in steps 1712 and 1714 to determine the type of
activity the patient is engaging in and how often the activity level is performed. The doctor may use
previously recorded data to view changes in the patient's activity that are a direct byproduct of health
and well-being. For example, during a patient/doctor visit, the doctor may say "let's pull up your data
from last month and see how you are doing." The doctor may recommend new activities, drugs, or
perform additional analysis based on information from the patient and the recorded data. For
example, the patient may imply that he has been exercising, but the monitor may give a more
realistic or accurate report of activity levels. The recorded data transmitted to the doctor provides an
indirect measurement of cardiac performance, neurological, and physiological performance. The
monitor is useful for patients that experience inactvity, over activity, or other combinations of

activity problems.

[00149] FIG. 18 is a flowchart of a process for detecting heart events in accordance with the

illustrative embodiments of the present invention. The process of FIG. 18 may be implemented by a
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heart monitor or physiological status monitor. The process begins with the monitor determining
whether a heart event is detected (step 1802). The heart event may be bigeminy, trigeminy,
bradycardias (slow heart rates), tachycardias (fast heart rates), premature ventricular contractions
(PVC), multiple PVCs, any kind of arrhythmia or other heartbeat abnormality. The heart event may
be detected in step 1802 by monitor logic. For example, the monitor logic may compare the patient's
normal heartbeat morphology (wave shape) that has been previously recorded and stored, in either
analog or digital format, with the current heartbeat to determine if there is an irregularity. If a heart

event is not detected, the monitor continues to repeat step 1802 until a heart event occurs.

[00150] If a heart event is detected in step 1802, the monitor may record and store the heart event
in event data (step 1804). In one embodiment, the monitor is continuously recording waveforms
recorded received from the electrode leads. However, once an event is detected in step 1802, a
specified time period before, during, and after the heart event may be recorded. For example, the
monitor may store the heart event data as well as thirty seconds before and after the event. The pre-
event time frame and post event time frame may be set by default or may be programmed based on
the needs and condition of the patient. The sample or recorded data may be stored in analog or
digital form. For example, the monitor may use analog to digital converters to convert the

representative heartbeats or waveforms into digital data.

[00151] Next, the monitor compares the heart event with a database (step 1806). The database may
be a program or memory that stores a library of heart events for comparison. The database may be a
portion of the memory that specifies the signature, characteristics or parameter of each possible type
of heart event. In one embodiment, if the patient has already experienced a confirmed heart event the
current event may be compared with the stored event. The recorded heart event may be recorded in
digital or analog form based on accuracy of comparison. The database may include a library of heart
events that may be compared against the heart event detected in step 1802. In one embodiment, the

monitor logic may specify the severity of the event, if known, for reference by a doctor.

[00152] The monitor determines whether the heart event is known (step 1808). If the heart event is
known, the monitor inserts a heart event categorization in the event data (step 1810). For example,
the monitor may insert a header or label that specifies that the recorded heart event is a tachycardia
PVC. The data inserted in step 1810, may be useful to a doctor or other medical specialist that may

respond to the patient's heart event.
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[00153] After step 1808 or 1810, the monitor determines whether transmission is possible (step
1812). The monitor may include transmission logic for specifying when and how data is sent from
the monitor. In one embodiment, a detected heart event is to be sent immediately once received. As a
result, the monitor may need to determine in step 1812, whether a mobile receiver or other
transceiver is available. For example, the monitor may detect a status or availability signal when in
proximity to a receiving device that indicates that the monitor may transmit the event data. In
another embodiment, the transmission logic may specify that heart events are only to be sent at a
specified time period. Alternatively, the patient may wear a portable receiver that is used to send the

event data using GPRS as soon as received.

[00154] If the monitor determines transmission is possible, the monitor transmits the event data to a
receiver (step 1814) with the process terminating thereafter. As previously discussed, the event data
may be sent to a receiver that retransmits the event data to the doctor. The event data may also be
sent directly to the doctor, to a web interface, a server, or other receiving device. As part of step
1814, the monitor may require that a handshake or data receipt confirmation is received. For
example, as part of step 1814 once a receipt handshake has been received from the receiver or
transceiver, the monitor may delete the event data to make space available for other heart events and

other recorded data.

[00155] If the monitor determines transmission is not possible in step 1812, the monitor may wait
for a time period (step 1816) and then again determine whether transmission is possible (step 1812).
The event data is maintained until it may be transmitted to a receiver in step 1814. In some cases, the
monitor may record multiple heart events before the data may be transmitted because transmission is

not possible.

[00156] FIGs. 19-23 illustrate examples of pages that may be displayed in a graphical user interface
accessible by the patient, doctor or other authorized individual. The graphical user interface may be
displayed to the user through the Internet using a web browser, program application, or database
executed one more computing devices, such as a personal computer or PDA. The examples shown
include pages and fields for doctor’s demographics, patient listing, new patient enrollment, set

parameters, billing, heart data, activity and event data, and samples of recorded events.

[00157] FIG. 19 is an example page for demographics in a graphical user interface in accordance
with the illustrative embodiments of the present invention. Page 1900 includes various information,
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sections, or details that may be used to identify the doctor or other user accessing the page 1900 of
the graphical user interface. The page 1900 may include section 1902, section 1904, section 1906,
and section 1908.

[00158] Section 1902 may include data for identifying the physician which may include a practice
name, one or more physician names, and a Unique Physician Identification Number (UPIN) number

of each physician.

[00159] Section 1904 may specify the address of each doctor including address, telephone number,
and other contact information. This may allow the doctor to be contacted in the event a heart event is
detected or one physician needs to contact another. Section 1906 may include authorization
information for accessing the graphical user interface, page 1900, and other patient information.
Section 1908 may include special instructions regarding the doctor or other notices that may be

helpful.

[00160] FIG. 20 is an example page for patient listing in a graphical user interface in accordance
with the illustrative embodiments of the present invention. Page 2000 may include data for any
number of patients. Page 2000 may be particularly useful for tracking numerous patients that are
using a monitor. Section 2000 may include various information regarding patients which may
include a patient name and number assignment, address, phone, device model and serial number for
the monitor, and information for setting parameters. The patient number and device model and serial
number may be part of the data that is sent and received from the monitor in order to ensure that the

recorded data is properly routed to individuals authorized to see the patient's data.

[00161] FIG. 21 is an example page for a new patient enrollment in a graphical user interface in
accordance with the illustrative embodiments of the present invention. Page 2100 may be used to
enroll a new patient. For example, a patient that has recently had a heart monitor surgically
implanted may have his/her patient information entered into page 2100. The information may
specify the patient's name, address, contact information, device model, serial number, and patient
number, a referring physician, and next of kin. All or a portion of this information may be stored in
the memory or storage of the device for transmission from the monitor or receiver. Alternatively, a
serial number embedded in the data sent from the monitor may be used to link the data with the

patient.
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[00162] FIG. 22 is an example page for setting parameters in a graphical user interface in
accordance with the illustrative embodiments of the present invention. Page 2200 may allow a user
to set parameters for the monitoring device or for reviewing the data received. The page 2200 may
include the patient information which may specify name, address, contact information, physician,

and device information. Page 2200 may also specify monitoring criteria for the monitor.

[00163] Monitor criteria may specify parameters that are to be monitored by the heart and
important thresholds that may be significant. Monitor criteria may also specify the monitoring of
certain heart events, heart rate, and wave form details. In one example, the monitor may monitor the
time intervals, slope, amplitude, and rise time between the PR, QRS, QT, and QS points of the
heartbeat waveform. The monitoring criteria may further specify what events are important and what

conditions may be ignored.

[00164] FIG. 23 is an example page for a recorded event in a graphical user interface in accordance
with illustrative embodiments of the present invention. Page 2300 may be displayed to a user when a
heart event or other data has been received. Page 2300 may include a sample, portion or the entire
event as recorded by the heart monitor. Page 2300 may specify patient information, the event date,
and the type of monitor. The page 2300 may specify the symptoms, measurements, and other
findings. For example, the patient may be experiencing an irregular heartbeat. The monitor detects
that the patient's heartbeat is irregular and records the data for immediate or subsequent transmission
to the receiver. The receiver may transmit the data to a server or directly to the doctor for review.
The doctor may use the data to immediately ascertain the seriousness of the situation in order to
provide the patient advice or implement additional medical procedures and medication for the good

of the patient.

[00165] FIG. 24 is a flowchart of a process of monitoring a patient according to another
embodiment of the present invention. The process shown in FIG. 24 can be performed using the
monitoring systems described above, for example, as shown in FIGs. 1 and 4-6, or using one or more
components thereof. In one embodiment, the process begins with detecting the activity level of the
patient (step 2402). In some embodiments, the activity level of the patient is detected using any
suitable activity sensor known in the art. In some embodiments, the activity level of the patient is
detected using an accelerometer as described in the illustrative embodiments above. In some

embodiments, the accelerometer is configured to detect motion of the patient. In some
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embodiments, the accelerometer is a piezoelectric accelerometer, such as, for example,

accelerometer 436.

[00166] If the detected activity level of the patient is below a preset threshold level for a
predetermined amount of time at step 2404 the process proceeds to step 2406 and a series of
intramyocardial electrogram (IMEQG) signals are collected from the patient. If, on the other hand, the
detected activity level of the patient is not below the threshold level for the predetermined amount of
time, the process returns to step 2402 and the activity level of the patient is once again detected. In
this manner, according to some embodiments, the activity level of the patient can be monitored

substantially continuously.

[00167] In preferred embodiments, the preset threshold level and predetermined amount of time are
selected to be indicative that the patient is asleep (e.g., alpha sleep) or substantially at rest. For
example, in one embodiment, the preset threshold level is selected such that activity levels below the
selected threshold level correspond to the activity levels of the patient when the patient is asleep or
substantially at rest. Collecting IMEG signals only when the patient is asleep or substantially at rest
is crucial, according to some embodiments, because the IMEG signals can be influenced by
circadian rhythm and adrenergic status of the patient. Since activity levels when asleep or
substantially at rest can vary between different patients, in some embodiments the selection of the
preset threshold level is preferably specific to each patient. In some embodiments, the preset
threshold level is adjustable, for example, as described above in connection with the embodiments of

FIGs. 13 and 14, to account for changes in the patient’s condition (e.g., recovering from illness).

[00168] In some embodiments, the activity level as measured by the first derivative of acceleration
or activity variance (dA/dt) is utilized to determine when the patient is asleep or substantially at rest,
for example, when the activity variance (dA4/dt) is below a preset threshold value for a predetermined
amount of time. In other embodiments, a counter coupled with an activity sensor (e.g.,
accelerometer) is used to record the total number of times motion of the patient is detected by the
activity sensor (e.g., accelerometer) during each of a series of consecutive time intervals. In some
embodiments, the counter is included as a component of a monitor device implanted in the patient.
In some embodiments, the detected activity level of the patient is considered to be below a preset
threshold level for a predetermined amount of time when the number recorded by the counter during

cach of a predetermined number of consecutive time intervals is below a preset value. In some
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embodiments, the preset value is determined based on the number recorded by the counter during
time intervals when the patient is asleep or substantially at rest. For example, in one embodiment,
the counter records the total number of times motion of the patient is detected by the activity sensor
(e.g., accelerometer) over consecutive twenty minute intervals. If the number recorded by the
counter in this example remains below a preset value for each of two consecutive twenty minute
intervals, the patient is considered to be asleep or substantially at rest and the process proceeds to
step 2406. In some embodiments, the predetermined number of consecutive time intervals and/or
the preset value can be preprogrammed based on individual characteristics of the patient. In some
embodiments, the activity sensor (e.g., accelerometer) is also used to collect information relating to
the maximum, minimum, and average activity levels of the patient, for example, daily maximum,

minimum, and average activity levels of the patient.

[00169] FIGs. 25A and 25B are graphs showing example data related to patient activity level
detected in accordance with some embodiments of the present invention. FIG. 25A shows the first
derivative of activity or activity variance (dA/dt) as recorded by an activity sensor (e.g.,
accelerometer) in one embodiment of the present invention. As shown in this particular example,
the collection of IMEG signals is activated between the hours of 12:00 am and 6:00 am when the
patient is alseep and the activity variance (dA4/dt) is consistently low (e.g., below 1.5 in the graph
shown). IMEG recording is not taking place during the hours of 8:00 am to 8:00 pm when the
activity variance (dA/dt) is relatively higher (e.g., above 1.5 in the graph shown). FIG. 25B shows
the number of accelerations (e.g. patient motion) detected by an activity sensor (e.g., accelerometer)
over a number of intervals of time, according to another embodiment of the present invention. In
this particular example, each detected acceleration is represented as a count, and the relatively low
count number between sample numbers 5 and 65 are indicative that the patient is sleeping during

these time intervals.

[00170] Referring back to FIG. 24, step 2406 includes collecting IMEG signals from one or more
locations in the patient. In some embodiments, the collected IMEG signals include IMEG signals
collected from the right and/or left ventricles (e.g., right and/or left ventricular myocardium) of the
patient as described in some of the embodiments above. In some embodiments, the collected IMEG
signals include IMEG signals collected from the right ventricular septum of the patient. In some
embodiments, the collected IMEG signals include IMEG signals collected from the right ventricular

apex of the patient. In some embodiments, the collected IMEG signals include IMEG signals
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collected from both the right ventricular septum and the right ventricular apex of the patient. FIG.
26A is a general diagram of the anatomy and conduction system of a human heart and FIGs. 26B
and 26C show relative placement of electrodes in the right ventricular septum and right ventricular

apex in accordance with some embodiments of the present invention.

[00171] In some embodiments, the IMEG signals are collected at step 2406 using a device
programmed to obtain and store the IMEG signals. In some embodiments, the IMEG signals are
collected at step 2406 using a device external to the patient. As used herein, the term “external”
refers to being positioned outside of a patient’s body. In some embodiments, the IMEG signals are
collected at step 2406 using an implantable device implanted in the patient. For example, the
implantable device can be a monitor device as described in an embodiment above, such as monitor
104 of FIG. 1, monitor 404 of FIG. 4, and monitor 500 of FIG. 5. In some embodiments, the
implantable device includes memory, such as memory 418, for storing the collected IMEG signals
and other data. Preferably, the memory is configured to store at least three days worth of IMEG
signals. In some embodiments, the memory is configured to store at least seven days worth of
IMEG signals. In some embodiments, the implantable device further includes telemetry circuitry
(e.g., telemetry circuitry 414), a processor (e.g., processor 420), analog to digital converters and peak
detector (e.g., A/D and peak detector 422), and one or more amplifiers (e.g., amplifiers 426, 428,
430, 432, and 434). In some embodiments, the implantable device further includes a temperature
sensor, such as thermistor 416, for measuring the temperature of the patient. In preferred
embodiments, the temperature sensor has at least a 0.25°C resolution. In some embodiments, the
temperature sensor can be used to detect a rise in body temperature (e.g., a fever) which, for
example, may be associated with an infection resulting from the surgery used to implant the
implantable device itself or due to immunosuppressant medications given to heart transplant patients
to control transplant rejection. In some embodiments, the temperature sensor is used to measure
maximum, minimum and average body temperatures of the patient (e.g., daily maximum, minimum
and average body temperatures), which are stored in the memory for later transmission and/or
analysis. In some embodiments, the implantable device is coupled with the activity sensor (e.g.,
accelerometer) used to detect the activity level of the patient as described above. In some
embodiments, the activity sensor (e.g., accelerometer) is a component of the implantable device. As
mentioned previously, in some embodiments the implantable device includes a counter for recording
the number of times motion is detected by an activity sensor (e.g., accelerometer). On one

embodiment, there is a system that includes an implantable device having a memory that is operable
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to store programming (e.g., firmware and/or software) that is configured to receive and store the
collected IMEG signals and other data described herein. In one embodiment, the system includes at

least one processor that is coupled to the memory to execute the program.

[00172] In some embodiments, the implantable device collects the IMEG signals automatically in
response to the detected activity level of the patient, for example, when the patient is asleep or
substantially at rest. In some embodiments, the implantable device collects the IMEG signals
automatically in response to the detected activity level of the patient being below a preset threshold
level for a predetermined amount of time. In some embodiments, there is a system that includes an
implantable device having memory that is operable to store programming (e.g., firmware or
software) that is configured to initiate collection of the IMEG signals automatically in response to
the detected activity level of the patient being below a preset threshold level for a predetermined
amount of time, for example, when the patient is sleeping or at extreme rest. In some embodiments,
the implantable device is further configured to measure the amplitudes of the collected IMEG
signals. In some embodiments, the implantable device is further configured to measure the slope or
slew rate (dV/dt) of the collected IMEG signals. In some embodiments, the implantable device is
further configured to measure the time duration (width) of the collected IMEG signals.

[00173] In some embodiments, the IMEG signals are collected using one or more electrode leads
coupled to the implanted device. In some embodiments, the accelerometer used to detect the activity
level of the patient is included in an electrode lead. In some embodiments, the IMEG signals are
collected using one or more ¢lectrically active unipolar screw-in electrode leads, for example, as
depicted in FIG. 7. Other examples of screw-in electrode leads that can be used in embodiments of
the present invention are shown in FIGs. 27A and 27B. In particular, FIG. 27A shows a transvenous
extendable/retractable screw-in lead tip. FIG. 27B shows different views of a myocardial screw-in
lead, which can be used, for example, for transplant monitoring. In some embodiments, the IMEG
signals are collected using one or more unipolar screw-in electrode leads having electrically active
screws positioned within the myocardium of the patient, for example, within the muscle tissue of the
right ventricular septum and/or right ventricular apex of the patient (e.g., as shown in FIG. 26B and
26C). In other embodiments, for example when used to detect heart transplant rejection, the
electrode leads are positioned within the muscle tissue of the right ventricular myocardium and/or
the left ventricular myocardium. In some embodiments, the electrode leads coupled to the device

include an atrial electrode lead positioned in an atrium of the patient’s heart and a ventricular
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electrode lead positioned in a ventricle of the patient’s heart. Electrically active screw-in electrode
leads are preferred for use in some embodiments of the present invention because, in some
embodiments, non-clectrically active screw-in leads are unable to measure the signals of interest
(c.g., IMEG signals) which must be detected from within the heart muscle tissue and not on the
surface of the heart muscle tissue. Furthermore, unipolar electrode leads are preferred for use with
the present invention because, in some embodiments, the IMEG signal orientation (e.g., positive or
negative deflection) sensed by bipolar electrode leads can be unpredictable since it would based on

the relative position of the proximal and distal electrodes.

[00174] In some embodiments, a unipolar electrode lead is coupled to the device and configured
such that current flows between a cathode situated on the electrode lead and an anode situated on the
device itself or a component thereof (e.g., device housing). In some embodiments, a first and second
unipolar electrode leads are coupled to the device and configured such that current flows between a
cathode situated on the first unipolar electrode lead and an anode situated on the second electrode
lead. In some embodiments, an atrial unipolar electrode lead and a ventrical unipolar electrode lead
are coupled to the device and configured such that current flows between a cathode situated on the
atrial electrode lead and an anode situated on the ventricular electrode lead. In other embodiments,
an atrial unipolar electrode lead and a ventrical unipolar electrode lead are coupled to the device and
configured such that current flows between a cathode situated on the ventricular electrode lead and
an anode situated on the atrial electrode lead. In some embodiments, providing a cathodic
ventricular lead and an anodic atrial electrode lead allows both atrial signals (e.g., atrial P-Wave
signals) and ventricular signals (e.g., ventricular IMEG signals) to be recorded on the same tracing.
Moreover, this configuration according to some embodiments ensures that the ventricular IMEG
signal will be recorded as a negative deflection which may allow for easier identification and

analysis of the signals.

[00175] In some embodiments, the IMEG signals are collected over a fixed programmable length
of time, which may be programmed into the implantable device. For example, in one embodiment, a
10 second recording of IMEG signals is made. In other embodiments, the IMEG signals are
recorded for a length of time less than or greater than about 10 seconds. In some embodiments, the
IMEG signals are recorded for at least about 5 seconds. In some embodiments, the IMEG signals
are recorded for at least about 10 seconds. In some embodiments, the IMEG signals are recorded for

at least about 15 seconds. In some embodiments, the IMEG signals are recorded for at least about 20
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seconds. In some embodiments, the IMEG signals are recorded for at least about 30 seconds. In
some embodiments, the IMEG signals are recorded for about or at least about one minute. In other
embodiments, the IMEG signals are recorded for a preset number of consecutive heart beats, for

example, about five, about ten, or about twenty consecutive heart beats.

[00176] The peak of an action potential within an IMEG can last for about 3 to about 5 msec. In
some embodiments, the collected IMEG signals must be filtered at a bandpass having an appropriate
upper frequency in order to detect data of interest (e.g., peak amplitudes and dV/dt). In some
embodiments, the collected IMEG signals are filtered by a component of the implantable device. In
some embodiments, the collected IMEG signals are filtered using one or more amplifiers located in
the implantable device. In some embodiments, the collected IMEG signals are filtered at a bandpass
having an upper end of about 200 Hz. In some embodiments, the collected IMEG signals are filtered
at a bandpass having an upper end of at least 200 Hz. In some embodiments, the collected IMEG
signals are filtered at a bandpass having an upper end from about 200 Hz to about 250Hz. In some
embodiments, the collected IMEG signals are filtered at a bandpass having an upper end from about
200 Hz to about 300Hz. In some embodiments, the collected IMEG signals are filtered at a
bandpass having an upper end from about 200 Hz to about 333 Hz. In some embodiments, the
collected IMEG signals are filtered at a bandpass having an upper end from about 200 Hz to about 1
kHz. In some embodiments, the collected IMEG signals are filtered at a bandpass having an upper
end from about 200 Hz to about 2 kHz. In some embodiments, the collected IMEG signals are
filtered at a bandpass having an upper end of about 250 Hz. In some embodiments, the collected
IMEG signals are filtered at a bandpass having an upper end of at least 250 Hz. In some
embodiments, the collected IMEG signals are filtered at a bandpass having an upper end from about
250 Hz to about 300Hz. In some embodiments, the collected IMEG signals are filtered at a
bandpass having an upper end from about 250 Hz to about 333 Hz. In some embodiments, the
collected IMEG signals are filtered at a bandpass having an upper end from about 250 Hz to about 1
kHz. In some embodiments, the collected IMEG signals are filtered at a bandpass having an upper
end from about 250 Hz to about 2 kHz. In some embodiments of the present invention, the collected
IMEG signals are filtered at a bandpass having an upper end of at least 300 Hz. In some
embodiments, the collected IMEG signals are filtered at a bandpass having an upper end from about
300 Hz to about 333 Hz. In some embodiments, the collected IMEG signals are filtered at a
bandpass having an upper end from about 300 Hz to about 1 kHz. In some embodiments, the

collected IMEG signals are filtered at a bandpass having an upper end from about 300 Hz to about 2
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kHz. In some embodiments of the present invention, the collected IMEG signals are filtered at a
bandpass having an upper end of about 333 Hz. In some embodiments, the collected IMEG signals
are filtered at a bandpass having an upper end of at least 333 Hz. In some embodiments, the
collected IMEG signals are filtered at a bandpass having an upper end from about 333 Hz to about 1
kHz. In some embodiments, the collected IMEG signals are filtered at a bandpass having an upper
end from about 333 Hz to about 2 kHz. In some embodiments of the present invention, the collected
IMEG signals are filtered at a bandpass having an upper end of about 1 kHz. In some embodiments,
the collected IMEG signals are filtered at a bandpass having an upper end of at least 1 kHz. In some
embodiments, the collected IMEG signals are filtered at a bandpass having an upper end from about
1 kHz to about 2 kHz. In some embodiments, the collected IMEG signals are filtered at a bandpass
having an upper end of about 2 kHz. In some embodiments, the collected IMEG signals are filtered

at a bandpass having an upper end from of at least 2 kHz.

[00177] In some embodiments of the present invention, the collected IMEG signals are filtered at a
bandpass having a lower end of about 1 Hz to about 5 Hz. In some embodiments of the present
invention, the collected IMEG signals are filtered at a bandpass having a lower end of about 1 Hz to
about 4 Hz. In some embodiments of the present invention, the collected IMEG signals are filtered
at a bandpass having a lower end of about 1 Hz to about 3 Hz. In some embodiments of the present
invention, the collected IMEG signals are filtered at a bandpass having a lower end of about 1 Hz to
about 2 Hz. In some embodiments of the present invention, the collected IMEG signals are filtered
at a bandpass having a lower end of about 1 Hz. In some embodiments of the present invention, the
collected IMEG signals are filtered at a bandpass having a lower end of about 2 Hz to about 5 Hz. In
some embodiments of the present invention, the collected IMEG signals are filtered at a bandpass
having a lower end of about 2 Hz to about 4 Hz. In some embodiments of the present invention, the
collected IMEG signals are filtered at a bandpass having a lower end of about 2 Hz to about 3 Hz. In
some embodiments of the present invention, the collected IMEG signals are filtered at a bandpass
having a lower end of about 2 Hz. In some embodiments of the present invention, the collected
IMEG signals are filtered at a bandpass having a lower end of about 3 Hz to about 5 Hz. In some
embodiments of the present invention, the collected IMEG signals are filtered at a bandpass having a
lower end of about 3 Hz to about 4 Hz. In some embodiments of the present invention, the collected
IMEG signals are filtered at a bandpass having a lower end of about 3 Hz. In some embodiments of
the present invention, the collected IMEG signals are filtered at a bandpass having a lower end of

about 4 Hz to about 5 Hz. In some embodiments of the present invention, the collected IMEG
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signals are filtered at a bandpass having a lower end of about 4 Hz. In some embodiments of the
present invention, the collected IMEG signals are filtered at a bandpass having a lower end of about

5 Hz.

[00178] In some embodiments of the present invention, the collected IMEG signals are filtered at a
bandpass spanning from about 1 Hz to about 1 kHz. In some embodiments of the present invention,
the collected IMEG signals are filtered at a bandpass spanning from about 2 Hz to about 1 kHz. In
some embodiments of the present invention, the collected IMEG signals are filtered at a bandpass
spanning from about 3 Hz to about 1 kHz. In some embodiments of the present invention, the
collected IMEG signals are filtered at a bandpass spanning from about 1 Hz to about 2 kHz. In some
embodiments of the present invention, the collected IMEG signals are filtered at a bandpass
spanning from about 2 Hz to about 2 kHz. In some embodiments of the present invention, the
collected IMEG signals are filtered at a bandpass spanning from about 3 Hz to about 2 kHz. In some
embodiments of the present invention, the collected IMEG signals are filtered at a bandpass
spanning from about 1 Hz to about 333 Hz. In some embodiments of the present invention, the
collected IMEG signals are filtered at a bandpass spanning from about 2 Hz to about 333 Hz. In
some embodiments of the present invention, the collected IMEG signals are filtered at a bandpass
spanning from about 3 Hz to about 333 Hz. In some embodiments of the present invention, the
collected IMEG signals are filtered at a bandpass spanning from about 1 Hz to about 300 Hz. In
some embodiments of the present invention, the collected IMEG signals are filtered at a bandpass
spanning from about 2 Hz to about 300 Hz. In some embodiments of the present invention, the
collected IMEG signals are filtered at a bandpass spanning from about 3 Hz to about 300 Hz. In
some embodiments of the present invention, the collected IMEG signals are filtered at a bandpass
spanning from about 1 Hz to about 250 Hz. In some embodiments of the present invention, the
collected IMEG signals are filtered at a bandpass spanning from about 2 Hz to about 250 Hz. In
some embodiments of the present invention, the collected IMEG signals are filtered at a bandpass
spanning from about 3 Hz to about 250 Hz. In some embodiments of the present invention, the
collected IMEG signals are filtered at a bandpass spanning from about 1 Hz to about 200 Hz. In
some embodiments of the present invention, the collected IMEG signals are filtered at a bandpass
spanning from about 2 Hz to about 200 Hz. In some embodiments of the present invention, the

collected IMEG signals are filtered at a bandpass spanning from about 3 Hz to about 200 Hz.
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[00179] In some embodiments, the collected series of IMEG signals are then transmitted to an
external system (step 2408) and parameters from at least a portion of the collected series of IMEG
signals are then extracted (step 2410). In some embodiments, other data which have also been
measured or collected, such as IMEG amplitudes, IMEG slew rate (dV/dt), IMEG time duration
(IMEG width), patient temperature (e.g., daily maximum, minimum, average), and/or activity levels,
are also transmitted to the external system. In some embodiments, data relating to the operation and
status of the implantable device (e.g., battery voltage or power, firmware revision, amplifier gain,
and/or accelerometer and activity level threshold levels) are also transmitted to the external system.
In some embodiments, the external system includes a receiver, such as those described in the
embodiments above, configured to receive the collected IMEG signals and other data. For example,
mobile receiver 106, transceiver 108 or receiver 402 can be used as the receiver of the external
system. In some embodiments, the external system further includes a network, such as network 110,

configured to communicate with the receiver and receive data therefrom.

[00180] In some embodiments, the receiver is a bedside monitor which is maintained in the home
of the patient. In some embodiments, the receiver is a portable or wearable device such that the
receiver can be carried with the patient, for example, during travel. In some embodiments, the
receiver is configured to receive the collected IMEG signals and/or other data from the implanted
device using any of the means described above (e.g., wirelessly via telemetry). In some
embodiments, the receiver is configured to communicate with the implanted device and receive
information (e.g., the collected IMEG signals and/or other data) therefrom automatically. In some
embodiments, the receiver receives information from the implanted device at regularly scheduled
intervals (e.g., once every day or once every hour). In some embodiments, the receiver receives
information from the implanted device at preset times (e.g., daily at midnight, etc.). In some
embodiments, the receiver receives information from the implanted device in response to an action
from the patient or other individual. For example, in some embodiments, the receiver may include a
button, switch, or other control which when activated by a user (e.g., the patient), will cause the
receiver to download information from the implanted device. In some embodiments, the implantable
device attempts to automatically contact the receiver and transmit information thereto whenever
there is data in the memory of the implantable device. In some embodiments, if the implantable
device fails to successfully send data to the receiver after a predetermined number of attempts or
after a predetermined amount of time (e.g., 24 hours), the receiver will prompt the user (e.g., by

displaying a message or by an alarm) to activate a button, switch, or other control as described above
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to initiate download of the information from the implantable device to the receiver. In some
embodiments, the implantable device is configured to clear information from its memory component
upon the successful transmission of the information to the receiver so as to make available space for

future data.

[00181] In some embodiments, the receiver is further configured to retransmit the collected IMEG
signals and/or other data to the network component of the external system, such as network 110.

The receiver, in some embodiments, includes communications hardware such as a local area network
card, modem, etc., to send data to the network. In some embodiments, the receiver is configured to
transmit information wirelessly to the network. In some embodiments, the receiver is configured to
transmit information to the network via a phone, internet, ethernet, cable, or fiber-optic line. In
some embodiments, the receiver further adds or includes a time and date stamp with the transmitted
information such that the time of transmission is also recorded. The network, in some embodiments,
includes a computer server, such as a remote monitoring company server, configured to receive and
store the collected IMEG signals and/or other data transmitted from the receiver. In some
embodiments, the computer server is configured to extract parameters from at least a portion of the
collected IMEG signals, as in step 2410. In some embodiments, the computer server is further
configured send information (e.g., the collected IMEG signals, extracted parameters, or data) or
permit access thereto to the patient, the patient’s doctor, or other authorized user. In some
embodiments, the computer server is further configured to alert the patient, the patient’s doctor, or
other authorized user if, for example, heart failure is detected from the collected or extracted
information. In some embodiments, the computer server includes memory for storage of a program

that is (e.g., firmware and/or software) configured to perform all the calculations described herein.

[00182] FIG. 28 shows an example of a system in accordance with an embodiment of the present
invention which can be used to practice methods described herein. In this example, the system
includes a implantable device, such as an Implantable Cardiac Assessment Monitor (ICAM), which
is implanted like a pacemaker into a patient having a passive fixation lead in the right atrium (RA)
and two active fixation leads, one in the right ventricular septum and one in the right ventricular
apex. The system according to this embodiment further includes a receiver, such as bedside monitor,
which receives daily IMEG, activity, and temperature data from the implantable device. The

receiver sends the data to a company server (e.g., via modem) for analysis, the server then notifies
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the patient’s doctor if heart failure is detected and places the data on a website for the doctor to view

upon secure logon.

[00183] Example parameters, according to some embodiments, include amplitude, slope or slew
rate (dV/dt), time duration values of the IMEG signals, and P-wave — IMEG intervals. FIG. 29 is an
example IMEG signal collected in accordance with an embodiment of the present invention showing
amplitude, slope or slew rate (dV/dt), and time duration (IMEG duration) and P-wave — IMEG
interval according to one embodiment. In some embodiments, a parameter is an averaged value for a
plurality of IMEG signals (e.g., an average amplitude or average slew rate of a series of IMEG
signals). In some embodiments, an “average” or “averaged” value refers to the average of a plurality
of averaged values (e.g., an average of the average amplitude or slew rate values of a plurality of

series of IMEG signals).

[00184] In preferred embodiments, the parameters are extracted from a portion of the collected
IMEG signals that includes only normally conducted IMEG signals (e.g., “sinus beats” produced by
signal conduction which originates in the SA Node). In some embodiments, the parameters are
extracted from a portion of the collected series of IMEG signals that includes only IMEG signals
which are each preceded (e.g., immediately preceded) by a P-wave. In some embodiments, the
parameters are extracted from a portion of the collected series of IMEG signals that includes only
IMEG signals having P-waves between consecutive IMEG signals, for example, as shown in FIG.
30A. In some embodiments, the parameters are extracted from a portion of the collected series of
IMEG signals that includes substantially constant P-wave - IMEG intervals (P-IMEG intervals). In
some embodiments, the parameters are extracted from a portion of the collected IMEG signals that
includes only IMEG signals which are each preceded by a P-wave and have a P-IMEG interval that
does not deviate more than about £15% from a baseline P-IMEG interval in duration. In some
embodiments, the baseline P-IMEG interval is an average or median P-IMEG interval calculated
from a series of IMEG signals, preferably from a series of normally conducted IMEG signals. In
some embodiments, a normally conducted beat results in P-IMEG intervals that are substantially
constant, (e.g., each within about £15% of a baseline P-IMEG interval), whereas non-normally
conducted beats, ¢.g. premature ventricular contractions (PVCs) or extrasystoles, can result in
variable P-IMEG intervals that are not within acceptable tolerances (e.g., within about +15% of a
baseline P-IMEG interval). PVCs, for example, can be caused by hypoxia, electrolyte imbalances,

drugs, or poorly functioning SA or AV nodes and can result in abnormal IMEG signals. In some
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embodiments, non-normally conducted signals (“non-sinus beats”) originate from a location
different than the SA node (e.g., the ventricles) and can be distinguished from normally conducted
signals (“sinus beats”) by the lack of a P-wave between consecutive IMEG signals, for example, as
shown in FIG. 30B. These non-normally conducted beats can have a different vector, be either
larger or smaller in amplitude, have a different slew rate, and have different time durations than
normally conducted beats. Accordingly, in some embodiments, the use of non-normally conducted
IMEG signals in particular measurements and calculations described herein can produce results
which are skewed and unreliable in determining the condition (e.g., heart failure status or transplant

rejection status) of a patient.

[00185] In some embodiments, even though IMEG signals from non-normally conducted beats
may not be preferred for use in the particular measurements and calculations described herein, such
signals may still be indicative of heart problems and are therefore stored and transmitted as
additional data for later review and analysis. For example, the non-sinus beats of FIG. 30B show
idioventricular rthythm that occurred after a myocardial infarction (MI). In some embodiments, the
devices, systems and methods according to the present invention are useful in detecting the presence
of fractionated heart signals (e.g., fractionated ventricular electrograms), which may indicate that a
patient is susceptible to arrhythmias. Fractionation may occur when there is a delay in the
conduction of cardiac electrical signals resulting asynchronous heart activity. The delay may be
caused, for example, by the formation of an infarct. In some embodiments, the detection of two or
more IMEG signal peaks immediately following a P-wave signal may indicate the presence of a
fractionated heart signal. In some embodiments, the detection of an IMEG signal having two or
more peaks, as shown in Fig. 38D, indicates the presence of a fractionated heart signal. The two or
more peaks of the fractionated IMEG signal may or may not be of equal amplitude, and may be
equal to or less than the amplitude of a normal (i.¢., non-fractionated) IMEG signal. Moreover, the
duration of a fractionated IMEG signal may be greater than the duration of a normal IMEG signal.
In some embodiments, identification of fractionated heart signals requires that the IMEG signals be
sampled about once every 0.5 msec to about once every 1 msec in order to record the signal
characteristics of interest (e.g., the multiple peaks of a fractionated IMEG signal). In some
embodiments, the signals are recorded at a sampling rate of about 1 kHz to about 2 kHz. In some
embodiments, the signals are recorded at a sampling rate of at about 1 kHz to about 1.5 kHz. In
some embodiments, the signals are recorded at a sampling rate of 1.5 kHz to about 2 kHz. In some

embodiments, the signals are recorded at a sampling rate of not greater than 2 kHz. According to
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some embodiments, once a fractionated signal is detected, electrophysiology mapping is performed
on the patient in order to determine the cause of the fractionation. The detection of fractionated
heart signals may be particularly useful, for example, in identifying patients who may benefit from

or require an implantable cardiac defibrillator (ICD) or other treatment.

[00186] Referring again to Fig. 24, a method according to some embodiments of the present
invention further includes generating one or more status indicator values based on the extracted
parameters (step 2412). In some embodiments, the one or more status indicator values are indicative
of the heart failure status of the patient. In some embodiments, the status indicator value is a
function of one or more of the parameters extracted in step 2410. In some embodiments, the status
indicator value is equal to or proportional (e.g., directly proportional) to one or more of the
parameters extracted in step 2410. In preferred embodiments, the status indicator value is
proportional (e.g., directly proportional) to the combination of two or more parameters extracted in
step 2410. In some embodiments, the status indicator value is equal to or proportional to the sum of
two or more parameters extracted in step 2410. In some embodiments, the status indicator value is
equal to or proportional to the difference of two or more parameters extracted in step 2410. In some
embodiments, the status indicator value is equal to or proportional to a ratio of two or more
parameters extracted in step 2410. In some preferred embodiments, the status indicator value is
equal to or proportional to a product of two or more of the parameters extracted in step 2410. For
example, a status indicator value, in some embodiments, is directly proportional to the product of an
amplitude value (e.g., an averaged IMEG amplitude) and a slew rate (e.g., an averaged IMEG slew
rate) extracted from at least a portion of the collected IMEG signals. In some embodiments, a status
indicator value is directly proportional to an amplitude value and a time duration value (e.g., an
averaged IMEG time duration) extracted from at least a portion of the collected IMEG signals. In
some embodiments, a plurality of status indicator values based on different parameters or
combinations of parameters are generated. For example, in some embodiments, at least a first status
indicator value proportional to the product of a first parameter (e.g., amplitude) and a second
parameter (e.g., slew rate) and a second status indicator value proportional to the product of the first

parameter (e.g., amplitude) and a third parameter (e.g., time duration) are generated.

[00187] In some embodiments, steps 2402 to 2412 are repeated such that a plurality of status
indicator values is generated over a period of time. For example, in one embodiment, one or more

daily status indicators are generated each day. The plurality of status indicator values over time can
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then be analyzed, for example, to determine a change in the heart failure status of the patient being
monitored. For example, upward and downward trends in the status indicator values over time can
be respectively indicative of improvement or deterioration in a patient’s heart failure condition
whereas plateaus in the status indicator values can indicate relative stability. In some embodiments,
a linear trend analysis is performed by the server. In some embodiments, polynomial trend analysis
is performed by the server. Analysis, in some embodiments, may also include comparing the trends

to additional indicators of heart condition, for example, ejection fraction.

[00188] As an illustrative example, in one embodiment a device (e.g., an implantable device) is
used to collect a series of IMEG signals (e.g., a 10 second strip of IMEG signals) while the patient is
sleeping and measures the amplitude of each of the IMEG signals in the series. The implantable
device, in some embodiments, includes memory that is configured to store a computer program that
is configured to collect additional data including patient body temperature and patient activity level.
The implanted device then transmits the amplitude measurements and any additional data to a
system (e.g., an external system) which calculates the average amplitude for the series. These steps
are repeated over time (e.g., every five minutes while the patient is sleeping) to collect a plurality of
IMEG signal series and to generate an average amplitude value for each series. The system then
averages the average amplitude values for the plurality of IMEG signal series in a single day to

Dayl

obtain, for example, a first extracted parameter, IMEG Amplitude,,, - . The same general process is

also used for IMEG Slew Rate (dV/dt) to obtain a second extracted parameter, IMEG Slew
RateanDayl. The same general process is also used for IMEG duration (width) to obtain a third
extracted parameter, IMEG DurationanDayl. The system then generates one or more daily status
indicator values based on IMEG Arnplitudeangayl, IMEG Slew RateanDayl, IMEG DurationanDayl.

For example, a first daily status indicator, Indicator; ®", is obtained by mulitplying IMEG

Dayl

Amplitude,g®" and IMEG Slew Rate,™" and a second daily status indicator, Indicator, ', is

obtained by multiplying IMEG Amplitude,,,"®" and IMEG Duration,,,"*'. The process is then

Day3

repeated over several days 1 to n to generate Indicator; ®2, Indicator; ®>,... Indicator, ™, and

Day2 Day3 ay n

Indicator, °®?, Indicator, ®*,... Indicator, ®™. In some embodiments, where IMEG signals are
recorded from different locations of the heart (e.g., right ventricular septum and right ventricular
apex), separate status indicator values are generated for each location. For example, in some
embodiments, the system is configured to generate Indicator; and Indicator, values for each of the

septum and apex based on IMEG signals recorded from these separate locations. Trends over time
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in Indicator; and Indicator, can then be retrieved and analyzed, ¢.g., by an authorized doctor or other

health care provider, to monitor changes in the heart failure status of the patient.

[00189] In some embodiments, a significant decrease over time in the values for Indicator; and/or
Indicator; may indicate a trend towards heart failure, whereas a significant increase over time may
indicate an improving heart condition. A stable condition (e.g., significantly little or no change in
heart condition) may be indicated when the indicator values stay relatively constant over time. In
some embodiments, the system is further configured to generate trend lines (e.g., linear trend lines)
for each indicator values over time and to calculate the slopes thereof. A large negative slope, in
some embodiments, is indicative of a trend towards heart failure, whereas a large positive slope is
indicative of improving heart condition, and a slope having a value close to about zero indicates a
relatively stable condition. In other embodiments, where the patient has received a heart transplant,
a significant decrease over time in the values for Indicator; and/or Indicator, may indicate transplant
rejection. In some embodiments, the system is configured to generate a combined slope value which
is the function of two or more trend line slopes. For example, in some embodiments, the slope

values of two or more trend lines may be added or multiplied to produce a combined slope value.

[00190] In some embodiments, the system includes a bedside monitor configured to wirelessly
receive collected IMEG signal data from the device and a remote server configured to receive the
collected IMEG signal data from the bedside monitor (e.g., via a modem) and provided with
programming (e.g., firmware and/or software) configured to perform some or all the calculations
described herein. In some embodiments, the programming is provided on a computer readable
medium. The programming in some embodiments is configured to calculate the average IMEG
amplitude, the average IMEG slew rate, and the average IMEG duration values as described. In
some embodiments, the programming is further configured to calculate the status indicator values,
generate trend lines for each status indicator value over time, and determine the slope of the trend

lines.

[00191] In some embodiments, the status indicator values and/or other data can be made available
by the server to a user (e.g., patient, doctor, or other authorized individual) for viewing or analysis.
In some embodiments, the server includes a memory for storing a program that is configured to
provide access to the data upon input from the user. In some embodiments, for example, the data

may be accessed via a website upon secure logon by the user. In other embodiments, the data may
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be sent by the server to the user’s phone, PDA, or other personal electronic device for viewing. In
some embodiments, the data is provided to a user via Email or other suitable form of communication
known in the art (e.g., via printed reports, facsimile, telephone, VolP, text message, etc.). In some
embodiments, the data is presented as graphs or charts which can be configured to meet the user’s
particular preferences. In some embodiments, the server is configured to send an alert (e.g., by
phone or Email) to the user if the status indicator values or other data indicate a change in the
patient’s condition. In some embodiments, the server is further provided with a memory having a
program configured to detect abnormalities in a patient’s IMEG signal data, for example, non-sinus
beats or fractionated heart signals. In some embodiments, the server includes a memory with a
program configured to send an alert to the patient or the patient’s healthcare provider if an

abnormality is detected.

[00192] FIGs. 31A-31D show example data which is collected, stored and transmitted in
accordance with some embodiments of the present invention. FIG. 31A shows, for example, daily
maximum, minimum, and average activity level of a patient over a period of 30 days. FIG. 31B
shows, for example, daily maximum, minimum, and average body temperature over a period of 30
days. FIG. 31C shows, for example, daily maximum, minimum, and average IMEG amplitudes over
a period of 30 days. FIG. 31D shows, for example, a single series of IMEG signals collected at a
particular day and time from which values such as amplitude and slew rate can be measured or

calculated.

[00193] FIGs. 32A and 32B show additional example data which can be presented in accordance
with embodiments of the present invention. FIG. 32A shows a linear trend analysis performed on a
server showing a downward trend in IMEG amplitude, which can be used to determine the change in
the heart failure status of a patient. In this particular example, the downward trend correlates with a
decrease in gjection fraction, suggestive of increasing heart failure. FIG. 32B shows a polynomial
trend analysis performed on a server showing a general downward trend in IMEG amplitude. Again
in this embodiment, the downward trend correlates with a decrease in ¢jection fraction, suggestive of
increasing heart failure. The slight upward slope of the polynomial trend may possibly suggest

remodeling of the heart chamber where the electrode is located.

[00194] A method according to some embodiments of the present invention further includes

measuring a time difference (e.g., time delay) between IMEG signals collected from one location of
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the patient (e.g., right ventricular septum) and IMEG signals collected from a second location of the
patient (e.g., right ventricular apex). FIG. 33 shows, for example, representations of a septal IMEG
signal (e.g., from right ventricular septum) and an apical IMEG signal (e.g., from the right
ventricular apex) and the time difference between them. In one embodiment, the time difference
corresponds to the transit time of an IMEG signal as it is conducted from one location of the patient
(e.g., right ventricular septum) to a second location of the patient (e.g., right ventricular apex). This,
for example, can be used to measure and detect changes in the nerve-muscle cell signal transit time
between two differently positioned electrode leads. In some embodiments, a change in the transit
time of the IMEG signals from one or more locations of the heart may be indicative of a change in
the heart failure status of the patient. FIG. 34, for example, shows septal and apical IMEG signals
collected at different times in accordance with an embodiment present invention. As can be seen in
the figure, the transit time of the septal IMEG signals decreased whereas the transit time of the apical

IMEG signals remained substantially unchanged.

[00195] In one embodiment, a method of the present invention includes detecting the activity level
of the patient and using a device implanted in the patient to automatically collect a series of IMEG
signals from the right ventricular septum and the right ventricular apex of the patient if the detected
activity level of the patient is below a preset threshold level for a predetermined amount of time, for
example as described in the embodiments above, and further using the external system to measure
time differences between the IMEG signals collected from the right ventricular septum of the patient
and the IMEG signals collected from the right ventricular apex. One variation of this embodiment
further includes analyzing changes in the measured time differences at different time points between
the IMEG signals collected from the right ventricular septum of the patient and the IMEG signals
collected from the right ventricular apex to determine a change in the heart failure status of the
patient. In one variation, the IMEG signals are collected from the right ventricular myocardium and
the left ventricular myocardium instead of or in addition to the right ventricular septum and the right

ventricular apex.

[00196] In yet another embodiment of the present invention, a method includes detecting an
activity level of the patient, automatically collecting a series of IMEG signals from a right
ventricular septum and a right ventricular apex of the patient if the detected activity level of the
patient is below a preset threshold value for a predetermined amount of time, transmitting the

collected series of IMEG signals to a system external to the patient, for example as described in the
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embodiments above, and using the external system to measure a time delay value between IMEG
signals from the right ventricular septum and IMEG signals from the right ventricular apex. In some
embodiments, steps are repeated to collect a plurality of time delay values which can be analyzed to
determine a change in the heart failure status of the patient. In one variation, the IMEG signals are
collected from the right ventricular myocardium and the left ventricular myocardium instead of or in

addition to the right ventricular septum and the right ventricular apex.
[00197] EXAMPLE

[00198] Each of three canine subjects (Dog 1, Dog 2, and Dog 3) was implanted with an
Implantable Cardiac Assessment Monitor (ICAM) heart monitoring device in accordance with
embodiments of the present invention. The heart monitoring devices were coupled to screw-in
electrode leads positioned to record IMEG signals from the right ventricular septum (Septal IMEG)
and right ventricular apex (Apical IMEG).

[00199] Microembolization procedures were performed on two of the subjects (Dog 1 and Dog 3)
in order to induce heart failure (HF) over time, while the third subject (Dog 2) was selected as a
control animal and did not undergo embolization. Embolization was performed by injecting silicone
microspheres into the arteries of Dog 1 and Dog 3 in order to reduce blood flow to portions of the

subjects’ hearts, thereby causing infarction.

[00200] Cardiac data as described herein were recorded by the implanted heart montioring devices
and transmitted wirelessly to external bedside montiors, which in turn transmitted the data to a

remote server using an integral modem. IMEG data including IMEG amplitude, duration, and slew
rate (dV/dt) were made accessible to designated recipients via a website requiring a secure login for

access to the server. Example data presented on the website are shown in Figs. 35A-37D.

[00201] Figs. 35A-35D show data obtained from Dog 2 (control) over a period of several weeks.
Fig. 35A shows the product of Septal IMEG Amplitude and Septal IMEG Duration over time. Fig.
35B shows the product Septal IMEG Amplitude and Septal IMEG dV/dt over time. Fig. 35C shows
the product Apical IMEG amplitude and Apical IMEG Duration over time. Fig. 35D shows the
product of Apical IMEG Amplitude and Apical IMEG dV/dt over time.

[00202] Figs. 36A-36D show data obtained from Dog 1 (embolized) over the same period of time.

Fig. 36A shows the product of Septal IMEG Amplitude and Septal IMEG Duration over time. Fig.
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36B shows the product Septal IMEG Amplitude and Septal IMEG dV/dt over time. Fig. 36C shows
the product Apical IMEG amplitude and Apical IMEG Duration over time. Fig. 36D shows the
product of Apical IMEG Amplitude and Apical IMEG dV/dt over time.

[00203] The slopes values of the trend lines for the data obtained from Dog 1 and Dog 2 are
summarized in the table below. The combined septal slope values in this example were obtained by
adding the slope values obtained from the septal IMEG data. The combined apical slope values in

this example were obtained by adding the slope values obtained from the apical IMEG data.

Table I:

Indicator Trend Line Slope Value

Dog 1 (embolized) Dog 2 (control)

Septal IMEG Amplitude X -9.8 -2.0
Septal IMEG Duration
Septal IMEG Amplitude X -3.0 -0.8
Septal IMEG dV/dt
Combined Septal Slope Value -12.8 -2.8
Apical IMEG Amplitude % -17.2 -0.2
Apical IMEG Duration
Apical IMEG Amplitude % -4.2 -0.5
Apical IMEG dV7dt
Combined Apical Slope Value -21.4 -0.7

[00204] The trend lines shown in Figs. 36 A-36D for Dog 1 (embolized) demonstrate negative slope
values which are significantly greater in magnitude in comparison to the slopes values of the trend
lines shown in Figs. 35A-35D for Dog 2 (control). These slope values are indicative of a
deteriorating cardiac status in Dog 1 leading towards heart failure. In contrast, the lower magnitude

slope values for Dog 2 indicate a more stable heart condition.
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[00205] Figs. 37A-37C show IMEG signal tracings recorded from the right ventricular septum of
Dog 1, Dog 2, and Dog 3, respectively. The signal tracing of Fig. 37A (Dog 1) and Fig. 37B (Dog
2) shows the presence of normal IMEG signals. Fig 37C (Dog 3), however, shows the presence of
fractionated IMEG signals. The fractionated ventricular electrogram suggests the subject (Dog 3)
may have had an infarct related to its embolization procedures. In order to confirm the fractionation,
the IMEG recordings were reviewed using LABVIEW software, an engineering tool useful to
provide detailed view of the IMEG signals. Fig. 38A shows a LABVIEW picture of the septal
IMEG recording from Dog 1. Fig. 38B shows a LABVIEW picture of the septal IMEG recording
from Dog 3 prior to embolization. Fig. 38C shows a LABVIEW picture of the septal IMEG
recording from Dog 3 after embolization, which confirms the post-embolization fractionation of the
right ventricular septal IMEG. Fig. 38D is a detail from Fig. 38C showing a fractionated IMEG
signal having more than two peaks following a non-fractionated P-wave. Moreover, as can be seen
in Figs. 38C and 38D, the IMEG signals have decreased in amplitude so significantly that the atrial
P-waves are now notably larger than the IMEG signals. Given that the infarct has caused an intra-
ventricular conduction delay, it is believed that Dog 3 may be prone to a possible re-entrant
tachyarrhythmia or sudden death from ventricular fibrillation and may develop a significant

spontaneous rhythm issue, with or without additional embolization procedures.

[00206] While the invention has been described with respect to particular embodiments,
modifications and substitutions within the spirit and scope of the invention will be apparent to those
of skill in the art. It should be apparent that individual elements identified herein as belonging to a
particular embodiment may be included in other embodiments of the invention. The present
invention may be embodied in other specific forms without departing from the central attributes
thereof. Therefore, the illustrated and described embodiments and examples should be considered in
all respects as illustrative and not restrictive, reference being made to the appended claims to

indicate the scope of the invention.
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What 1s claimed:

1. A method of monitoring the heart failure status of a patient comprising:

detecting an activity level of the patient;

collecting intramyocardial electrogram (IMEG) signals from the patient at different times
automatically when the detected activity level of the patient is below a preset threshold level for a
predetermined amount of time using a device implanted in the patient, the collected IMEG signals
including IMEG signals collected from the right ventricular septum of the patient; and

generating a status indicator value directly proportional to a product of an average slew rate
and an average amplitude of at least a portion of the collected IMEG signals using a system external

to the patient.

2. The method of claim 1, further comprising filtering the collected IMEG signals at a bandpass
having an upper end of at least 200 Hz.

3. The method of claim 2, wherein the bandpass has an upper end of at least 300 Hz.
4. The method of claim 3, wherein the bandpass has a lower end of about 2 Hz to about 3 Hz.
5. The method of claim 1, wherein the IMEG signals are collected using a unipolar screw-in

electrode lead coupled to the implanted device and comprising an electrically active screw

positioned within the myocardium of the patient.

6. The method of claim 1, wherein the activity level of the patient is detected using an

accelerometer configured to detect motion of the patient.

7. The method of claim 6, wherein the implanted device includes a counter which records the
total number of times motion of the patient is detected by the accelerometer during each of a series

of consecutive time intervals.

8. The method of claim 7, wherein the detected activity level of the patient is below a preset
threshold level for a predetermined amount of time when the number recorded by the counter during

cach of a predetermined number of consecutive time intervals is below a preset value.
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9. The method of claim 8, wherein the preset value is determined based on the number recorded

by the counter during time intervals when the patient is asleep or substantially at rest.

10.  The method of claim 1, wherein the implanted device collects IMEG signals over a fixed
programmable period of time from the patient at different times automatically when the detected

activity level of the patient is below a preset threshold level for a predetermined amount of time.

11.  The method of claim 1, wherein the collected IMEG signals further include IMEG signals

collected from the right ventricular apex of the patient.

12. The method of claim 11, further comprising using the system external to the patient to
measure time differences between IMEG signals collected from the right ventricular septum of the

patient and IMEG signals collected from the right ventricular apex.

13.  The method of claim 1, further comprising using the system external to the patient to

measure a time duration of each of the at least a portion of the collected IMEG signals.

14.  The method of claim 1, wherein the at least a portion of the collected IMEG signals includes
only IMEG signals which have a P-IMEG interval that does not deviate more than about £15% from
a baseline P-IMEG interval.

15.  The method of claim 1, wherein the at least a portion of the collected IMEG signals includes
only normally conducted IMEG signals.

16.  The method of claim 1, wherein the collected IMEG signals are unipolar IMEG signals.
17. The method of claim 1, wherein the system external to the patient comprises:

a receiver configured to receive the collected IMEG signals from the implanted device; and

a remote server configured to receive the collected IMEG signals from the receiver.
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18.  The method of claim 17, wherein the receiver is configured to receive the collected IMEG

signals from the implanted device via telemetry.

19.  The method of claim 17, wherein the receiver is configured to receive the collected IMEG

signals from the implanted device at predetermined times.

20.  The method of claim 17, wherein the remote server is configured to receive the collected

IMEG signals from the receiver at predetermined times.

21. A method of monitoring the heart failure status of a patient comprising:
a) detecting an activity level of the patient;
b) automatically collecting a series of intramyocardial electrogram (IMEG) signals from

the patient if the detected activity level of the patient is below a preset threshold level for a
predetermined amount of time, wherein the collected series of IMEG signals includes IMEG signals
collected from the right ventricular septum of the patient;

c) transmitting the collected series of IMEG signals to a system external to the patient;

d) extracting a first parameter and a second parameter from at least a portion of the
collected series of IMEG signals using the external system;

e) generating a status indicator value that is directly proportional to the product of the
first parameter and the second parameter;

) repeating steps a) through e) at different times to generate a plurality of status
indicator values from the patient; and

g) analyzing the plurality of status indicator values to determine a change in the heart

failure status of the patient.

22.  The method of claim 21, wherein collecting the series of IMEG signals includes filtering the
IMEG signals at a bandpass having an upper end of at least 200 Hz.

23.  The method of claim 22, wherein collecting the series of IMEG signals includes filtering the
IMEG signals at a bandpass having an upper end of at least 300 Hz.

24.  The method of claim 23, wherein the bandpass has a lower end of about 2 Hz to about 3 Hz.
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25.  The method of claim 21, wherein the series of IMEG signals are collected using a unipolar
screw-in electrode lead comprising an electrically active screw positioned within the myocardium of

the patient.

26. The method of claim 21, wherein detecting the activity level of the patient includes:
detecting motion of the patient using an accelerometer; and
using a counter to record the total number of times motion of the patient is detected by the

accelerometer during each of a series of consecutive time intervals.

27. The method of claim 26, wherein the detected activity level of the patient is below a preset
threshold level for a predetermined amount of time when the number recorded by the counter during

cach of a predetermined number of consecutive time intervals is below a preset value.

28.  The method of claim 27, wherein the preset value is determined based on the number

recorded by the counter during time intervals when the patient is asleep or substantially at rest.

29.  The method of claim 21, wherein the first parameter comprises an average amplitude of the

IMEG signals and the second parameter comprises an average slew rate of the IMEG signals.

30.  The method of claim 21, wherein analyzing the plurality of status indicator values includes

examining one or more trends in the plurality of status indicator values over time.

31.  The method of claim 21, wherein the collected series of IMEG signals includes IMEG

signals collected from the right ventricular apex of the patient.

32.  The method of claim 31, further comprising measuring time differences between IMEG
signals collected from the right ventricular septum of the patient and IMEG signals collected from

the right ventricular apex.

33.  The method of claim 32, further comprising analyzing changes in the measured time

differences between the IMEG signals collected from the right ventricular septum of the patient and
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the IMEG signals collected from the right ventricular apex to determine a change in the heart failure

status of the patient.

34.  The method of claim 21, wherein step d) further comprises extracting a third parameter from

the at least a portion of the collected series of IMEG signals.

35.  The method of claim 34, wherein step ¢) further comprises generating a second status
indicator value that is directly proportional to the product of the first parameter and the third

parameter.

36.  The method of claim 35, wherein the first parameter comprises an average amplitude of the

IMEG signals and the third parameter comprises a time duration of the IMEG signals.

37.  The method of claim 21, wherein the at least a portion of the collected series of IMEG
signals includes only IMEG signals which have a P-IMEG interval that does not deviate more than

about £15% from a baseline P-IMEG interval.

38.  The method of claim 21, wherein the at least a portion of the collected series of IMEG

signals includes only normally conducted IMEG signals.

39.  The method of claim 21, wherein the collected series of IMEG signals are unipolar IMEG

signals.

40.  The method of claim 21, wherein the series of IMEG signals are collected from the patient
over fixed programmable periods of time using a device implanted in the patient automatically if the
detected activity level of the patient is below a preset threshold level for a predetermined amount of

time.

41. A system for monitoring the heart failure status of a patient comprising:
an activity sensor configured to detect an activity level of the patient;
an implantable device coupled to the activity sensor and configured to automatically collect a

series of intramyocardial electrogram (IMEG) signals from the right ventricular septum of the
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patient if the activity level of the patient detected by the activity sensor is below a preset threshold
level for a predetermined amount of time; and

a device external to the patient configured to receive the collected series of IMEG signals,
extract a first parameter from at least a portion of the collected series of IMEG signals, extract a
second parameter from the at least a portion of the collected series of IMEG signals, and calculate a
status indicator value that is directly proportional to the product of the first parameter and the second

parameter.

42.  The system of claim 41, wherein the implantable device comprises an amplifier configured to

filter the series of IMEG signals at a bandpass having an upper end of at least 200 Hz.

43.  The system of claim 41, wherein the implantable device comprises an amplifier configured to

filter the series of IMEG signals at a bandpass having an upper end of at least 300 Hz.

44.  The system of claim 43, wherein the amplifier is configured to filter the series of IMEG

signals at a bandpass having a lower end of about 2 Hz to about 3 Hz.

45.  The system of claim 41, wherein the implantable device is coupled to a unipolar screw-in
electrode lead comprising an electrically active screw configured to detect the IMEG signals from

the right ventricular septum of the patient.

46.  The system of claim 41, wherein the activity sensor comprises an accelerometer configured

to detect motion of the patient.

47.  The system of claim 46, wherein the system further comprises a counter coupled to the
accelerometer and configured to record the total number of times motion of the patient is detected by

the accelerometer during each of a series of consecutive time intervals.
48.  The system of claim 47, wherein the implantable device is configured to automatically

collect the series of IMEG signals if the number recorded by the counter during each of a

predetermined number of consecutive time intervals is below a preset value.
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49.  The system of claim 41, wherein the first parameter comprises an average amplitude of the

IMEG signals and the second parameter comprises an average slew rate of the IMEG signals.

50.  The system of claim 41, wherein the device external to the patient is further configured to

extract a third parameter from the at least a portion of the collected series of IMEG signals.

51.  The system of claim 50, wherein the device external to the patient is further configured to
generate a second status indicator value directly proportional to the product of the first parameter

and the third parameter.

52.  The system of claim 51, wherein the first parameter comprises an average amplitude of the

IMEG signals and the third parameter comprises a time duration of the IMEG signals.

53.  The system of claim 41, wherein the at least a portion of the collected series of IMEG signals
includes only IMEG signals which have a P-IMEG interval that does not deviate more than about

+15% from a baseline P-IMEG interval.

54.  The system of claim 41, wherein the at least a portion of the collected series of IMEG signals

includes only normally conducted IMEG signals.

55.  The system of claim 41, wherein the collected series of IMEG signals are unipolar IMEG

signals.

56.  The system of claim 41, wherein the implantable device is configured to automatically

collect a series of IMEG signals over a fixed programmable period of time.

57.  The system of claim 41, wherein the implantable device is further configured to
automatically collect a series of IMEG signals from the right ventricular apex of the patient if the
activity level of the patient detected by the activity sensor is below a preset threshold level for a

predetermined amount of time.
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58.  The system of claim 57, wherein the device external to the patient is further configured to
measure time differences between IMEG signals collected from the right ventricular septum of the

patient and IMEG signals collected from the right ventricular apex.

59.  The system of claim 51, further comprising a receiver configured to receive the collected

series of IMEG signals from the implantable device.

60.  The system of claim 58, wherein the device external to the patient comprises a remote server

configured to receive the collected series of IMEG signals from the receiver.

61. A method of monitoring the heart failure status of a patient comprising:

detecting an activity level of the patient;

using a device implanted in the patient to automatically collect a series of intramyocardial
electrogram (IMEG) signals from the right ventricular septum and the right ventricular apex of the
patient if the detected activity level of the patient is below a preset threshold level for a
predetermined amount of time; and

using a device external to the patient to measure time differences between the IMEG signals
collected from the right ventricular septum of the patient and the IMEG signals collected from the

right ventricular apex.

62.  The method of claim 61, further comprising analyzing changes in the measured time
differences between the IMEG signals collected from the right ventricular septum of the patient and
the IMEG signals collected from the right ventricular apex to determine a change in the heart failure

status of the patient.

63.  The method of claim 61, wherein the activity level of the patient is detected using an

accelerometer configured to detect motion of the patient.
64.  The method of claim 63, wherein the implanted device includes a counter which records the

total number of times motion of the patient is detected by the accelerometer during each of a series

of consecutive time intervals.
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65.  The method of claim 64, wherein the detected activity level of the patient is below a preset
threshold level for a predetermined amount of time when the number recorded by the counter during

cach of a predetermined number of consecutive time intervals is below a preset value.

66.  The method of claim 65, wherein the preset value is determined based on the number

recorded by the counter during time intervals when the patient is asleep or substantially at rest.

67.  The method of claim 61, wherein the IMEG signals have been filtered at a bandpass having
an upper end of at least 200 Hz.

68.  The method of claim 61, wherein the IMEG signals have been filtered at a bandpass having
an upper end of at least 300 Hz.

69.  The method of claim 61, wherein the time differences are time delays between the IMEG
signals collected from the right ventricular septum of the patient and the IMEG signals collected

from the right ventricular apex.

70.  The method of claim 61, wherein the collected IMEG signals are synchronized unipolar
IMEG signals.

71. A method of monitoring the heart failure status of a patient comprising:
a) detecting an activity level of the patient;
b) automatically collecting a series of intramyocardial electrogram (IMEG) signals from

a right ventricular septum and a right ventricular apex of the patient if the detected activity level of
the patient is below a preset threshold value for a predetermined amount of time;

c) transmitting the collected series of IMEG signals to a system external to the patient;

d) measuring a time delay value between IMEG signals from the right ventricular
septum and IMEG signals from the right ventricular apex using the external system;

e) repeating steps a) through d) at different times to measure a plurality of time delay
values from the patient; and

) analyzing the plurality of time delay values to determine a change in the heart failure

status of the patient.
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72. A method of monitoring a patient comprising:
a) detecting an activity level of the patient;
b) using a device to collect intramyocardial electrogram (IMEG) signals from the patient

automatically when the detected activity level of the patient is below a preset threshold level for a
predetermined amount of time; and
c) using a device to generate a status indicator value directly proportional to a product of

a first parameter and a second parameter from at least a portion of the collected IMEG signals.

73.  The method of claim 72, further comprising filtering the collected IMEG signals at a
bandpass having an upper end of at least 200 Hz.

74.  The method of claim 72, wherein the bandpass has an upper end of at least 300 Hz.

75.  The method of claim 73, wherein the bandpass has a lower end of about 2 Hz to about 3 Hz.

76.  The method of claim 72, wherein the device used to collect IMEG signals from the patient is

an implantable device implanted in the patient.

77.  The method of claim 76, wherein the activity level of the patient is detected using an activity

sensor configured to detect motion of the patient.

78.  The method of claim 77, wherein the implantable device includes a counter which records
the total number of times motion of the patient is detected by the activity sensor during each of a

series of consecutive time intervals.
79.  The method of claim 78, wherein the detected activity level of the patient is below a preset
threshold level for a predetermined amount of time when the number recorded by the counter during

cach of a predetermined number of consecutive time intervals is below a preset value.

80.  The method of claim 79, wherein the preset value is determined based on the number

recorded by the counter during time intervals when the patient is asleep or substantially at rest.
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81.  The method of claim 77, wherein the activity sensor is an accelerometer.

82.  The method of claim 72, wherein the device used to collect IMEG signals from the patient is
configured to collect IMEG signals over a fixed programmable period of time from the patient at
different times automatically when the detected activity level of the patient is below a preset

threshold level for a predetermined amount of time.

83.  The method of claim 82, wherein the fixed programmable period of time is about 10 seconds.

84.  The method of claim 82, wherein the fixed programmable period of time is at least about 10

seconds.

85.  The method of claim 72, wherein the collected IMEG signals include IMEG signals from the

right ventricular septum of the patient.

86.  The method of claim 72, wherein the collected IMEG signals include IMEG signals from the

right ventricular apex of the patient.

87.  The method of claim 72, wherein the collected IMEG signals include IMEG signals from the

right ventricular septum and the right ventricular apex of the patient.

88.  The method of claim 72, wherein the collected IMEG signals include IMEG signals from the

right ventricular myocardium of the patient.

89.  The method of claim 72, wherein the collected IMEG signals include IMEG signals from the

left ventricular myocardium of the patient.

90.  The method of claim 72, wherein the device used to generate a status indicator value is

external to the patient.

91.  The method of claim 72, wherein the device used to generate a status indicator value is a

component of a system external to the patient.
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92.  The method of claim 72, wherein the collected IMEG signals include IMEG signals from a
first location of the patient and IMEG signals from a second location of the patient; and wherein the
method further includes measuring time differences between IMEG signals collected from the first
location of the patient and IMEG signals from the second location of the patient.

93.  The method of claim 92, wherein the first location of the patient is the right ventricular
septum of the patient and the second location of the patient is the right ventricular apex of the
patient.

94.  The method of claim 92, wherein the first location of the patient is the right ventricular
myocardium of the patient and the second location of the patient is the left ventricular myocardium
of the patient.

95.  The method of claim 72, wherein the first parameter is an IMEG amplitude value.

96.  The method of claim 95, wherein the first parameter is an averaged IMEG amplitude value.
97.  The method of claim 95, wherein the second parameter is an IMEG slew rate value.

98.  The method of claim 97, wherein the second parameter is an averaged IMEG slew rate value.

99.  The method of claim 95, wherein the second parameter is an IMEG time duration value.

100.  The method of claim 99, wherein the second parameter is an averaged IMEG time duration

value.

101.  The method of claim 72, wherein the at least a portion of the collected IMEG signals

includes only normally conducted IMEG signals.
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102.  The method of claim 91, wherein the system external to the patient includes a receiver
configured to receive the collected IMEG signals from the device used to collect IMEG signals from
the patient, and further configured to transmit the received collected IMEG signals to the device used

to generate the status indicator value.

103.  The method of claim 102, wherein the device used to generate the status indicator value is a

server configured to receive the collected IMEG signals from the receiver via a network.

104.  The method of claim 72, further comprising using a device to generate a second status
indicator value directly proportional to a product of the first parameter and a third parameter from at

least a portion of the collected IMEG signals.
105. The method of claim 104, wherein the first parameter is an IMEG amplitude value, the
second parameter is an IMEG slew rate value, and the third parameter is an IMEG time duration

value.

106.  The method of claim 104, wherein the device used to generate the first status indicator is the

same device used to gencrate the second status indicator value.

107.  The method of claim 72, wherein the device used to generate the status indicator value is the

same device used to collect IMEG signals from the patient.
108.  The method of claim 72, wherein the method comprises using a device to collect IMEG
signals from the patient at different times automatically only when the detected activity level of the

patient is below a preset threshold level for a predetermined amount of time

109.  The method of claim 72, wherein the detected activity level of the patient is below the preset

threshold level only when the patient is asleep or substantially at rest.

110.  The method of claim 72, further comprising repeating steps a) through c) at different times to

generate a plurality of status indicator values over time.
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111.  The method of claim 110, wherein steps a) through c¢) are repeated on different days.

112, The method of claim 110, further comprising using a device to analyze trends in the plurality

of status indicator values over time.

113, The method of claim 112, wherein the device used to analyze trends over time in the daily

status indicator values is the same device used to generate the status indicator values.
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INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2010/034121

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - A61B 5/0402 (2010.01)
USPC - 600/509

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

IPC(8) - A61B 5/0402, 5/0452 (2010.01)
USPC - 600/301, 509, 510, 515, 516, 517, 521

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of

data base and, where practicable, search terms used)

USPTO EAST System (US, USPG-PUB, EPO, DERWENT), GooglePatents

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y US 2005/0113705 A1 (FISCHELL et al) 26 May 2005 (26.05.2005) entire document 1-60, 72-113

Y US 2007/0232944 A1 (GHANEM et al) 04 October 2007 (04.10.2007) entire document 1-60, 72-113

Y GB 2,439,562 A (SAUMAREZ) 02 January 2008 (02.01.2008) entire document 1-60, 85, 87

Y US 2007/0208263 A1 (JOHN et al) 06 September 2007 (06.09.2007) entire document 1-60, 72-113

Y us 5,595,18.3 A (SWANSON et al) 21 January 1997 (21.01.1997) entire document 2-4,22-24, 42-44, 73-75

Y US 2007/0191722 A1 (RICHARDSON et al) 16 August 2007 (16.08.2007) entire document 5,12, 13, 17-60, 102,
103, 107

Y US 2005/0209511 A1 (HERUTH et al) 22 September 2005 (22.09.2005) entire document 7-9, 26-28, 47, 48, 78-80

Y US 2005/0209519 A1 (KRISHNAN et al) 22 September 2005 (22.09.2005) entire document 12, 32-33, 58, 92-94

D Further documents are listed in the continuation of Box C.
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Special categories of cited documents:

document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0” document referring to an oral disclosure, use, exhibition or other
means

“P”  document published prior to the international filing date but later than

the priority date claimed

later document published after the intemational filing date or riority
date and not in conflict with the application but cited to inderstand
the principle or theory underlying the invention

“

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination

being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the intemational search

03 September 2010

Date of mailing of the international search report

14 SEP 2010

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-3201

Authorized officer:
Blaine R. Copenheaver

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272.7774
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Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. I:l Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. E] Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. 11l Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

See extra sheet

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. E] As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. X] No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-60, 72-110

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)
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Continuation of Box Ill.

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group |, claims 1-60, 72-110, drawn to a method and system comprising generating a status indicator which is proportional to the
product of a first parameter and a second parameter of IMEG signals.

Group I, claims 61-71, drawn to a method of using a device to measure time differences between IMEG signals collected from the right
ventricular septum and IMEG signals collected from the right ventricular apex.

The inventions listed as Groups |-l do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons: the special téchnical feature of the Group
linvention: a status indicator which is proportional to the product of a first parameter and a second parameter as claimed therein is not
present in the invention of Group Il. The special technical feature of the Group Il invention: measuring time differences between IMEG
signals collected from the right ventricular septum and IMEG signals collected from the right ventricular apex as claimed therein is not
present in the invention of Groups |.

Groups | and If lack unity of invention because even though the inventions of these groups require the technical feature of monitoring
heart failure status of a patient by detecting an activity level of a patient; an implanted device collecting IMEG signals at different times
when the activity level of the patienl is below a preset threshold level for a predetermined period of time; and analyzing the results, this
technical feature is not a special technical feature as it does not make a contribution over the prior art in view of US 2005/0113705 Al
(FISCHELL et al) 26 May 2005 (26.05.2005) paragraphs [0013, 0015, 0021, 0027].

Since none of the special technical features of the Group | or Il inventions are found in more than one of the inventions, unity of invéntion
is lacking.

Form PCT/ISA/210 (extra sheet) (July 2009)
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