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7) ABSTRACT

Disclosed is a “tracker system” that includes implanted
electrical leads which are part of an implanted cardiotracker
plus external equipment that includes external alarm means
and a physician’s programmer. The tracker system is
designed to monitor the degradation of a patient’s cardio-
vascular condition from one or more causes. These causes
include the rejection of a transplanted heart and/or the
progression of a stenosis in a coronary artery. As one or more
stenoses in a coronary artery become progressively more
narrow thereby causing reduced blood flow to the heart
muscle coronary circulation, the tracker system can alert the
patient by either or both internal and/or external alarm
means to take the appropriate medical action. The physi-
cian’s programmer can be used to display histograms of key
heart signal parameters that are indicative of the patient’s
cardiovascular condition.
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IMPLANTABLE SYSTEM FOR MONITORING THE
CONDITION OF THE HEART

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This is the utility patent application based upon the
provisional patent application Ser. No. 60/524,873, entitled
“System for Monitoring Cardiovascular Condition” filed
provisionally on Nov. 26, 2003.

FIELD OF USE

[0002] This invention is in the field of systems that moni-
tor a patient’s cardiovascular condition using implanted
devices that interact with other devices located externally to
the patient.

BACKGROUND OF THE INVENTION

[0003] Heart disease is the leading cause of death in the
United States. A heart attack (also known as an acute
myocardial infarction (AMI)) typically results from a throm-
bus (i.c., a blood clot) that obstructs blood flow in one or
more coronary arteries. AMI is a common and life-threat-
ening complication of coronary artery disease. Myocardial
ischemia is caused by an insufficiency of oxygen to the heart
muscle. Ischemia is typically provoked by physical activity
or other causes of increased heart rate when at least one
coronary artery is narrowed by atherosclerosis. Patients will
often (but not always) experience chest discomfort (angina)
when the heart muscle is experiencing ischemia. Those with
coronary atherosclerosis are at higher risk for AMI if the
plaque becomes further obstructed by thrombus. Those
patients who do not have any symptom of ischemia or AMI
are said to have “silent ischemia.” These patients are at the
highest risk of dying from coronary artery disease.

[0004] The current treatment for a coronary artery nar-
rowing (a stenosis) is the insertion of a drug eluting stent
such as the Cypher™ sirolimus-eluting stent from Cordis
Corporation or the Taxus™ paclitaxel-eluting stent from the
Boston Scientific Corporation. The insertion of a stent into
a stenosed coronary artery is the most reliable medical
treatment to eliminate or reduce coronary ischemia and to
prevent the complete blockage of a coronary artery, which
complete blockage results in an AMI.

[0005] Acute myocardial infarction and ischemia may be
detected from a patient’s electrocardiogram (ECG) by not-
ing an ST segment shift (i.e., voltage change) over a
relatively short (less than 5 minutes) period of time after a
complete blockage of a coronary artery. However, without
knowing the patient’s normal (i.e., baseline) ECG pattern,
detection from a standard 12 lead ECG can be unreliable.

[0006] Fischell, et al in U.S. Pat. Nos. 6,112,116, 6,272,
379 and 6,609,023 describe implantable systems and algo-
rithms for detecting the onset of acute myocardial infarction
and providing both treatment and patient alerting. While
Fischell, et al discuss the acute detection of a shift in the ST
segment of the patient’s electrogram from an electrode
within the heart as the trigger for alarms, it may be desirable
to provide more sophisticated long term tracking of myo-
cardial ischemia to provide early prediction of coronary
obstruction before the occurrence of a complete coronary
artery blockage that results in an AMI. An important aspect
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of the Fischell, et al patents is that the heart’s electrical
signal from inside the patient’s body, which is called an
“electrogram,” is a more accurate means to discern ischemia
as compared to the heart’s signal as measured on the
patient’s skin which is the ECG.

[0007] The Fischell, et al patents as listed above discuss
the storage of recorded electrograms and/or electrocardio-
gram data; however techniques to optimally capture the
appropriate statistical electrogram and/or electrocardiogram
data over days, weeks and months in a limited amount of
system memory are not described.

[0008] The Reveal™ subcutaneous loop Holter monitor
sold by Medtronic, Inc. uses two case electrodes spaced
about 3 inches apart to record electrogram information.
Recording can be triggered automatically when arrhythmias
are detected or upon patient initiation using an external
device. The Reveal is designed to record electrogram data
and does not include the signal processing capability to track
changes in the heart signal over an extended period of time.
The Reveal also does not have the capability to measure ST
segment shift. In fact, its high pass filtering and electrode
spacing preclude accurate detection of changes in the low
frequency aspects of the heart’s electrical signal, which low
frequency aspects are required for the detection of ischemia.

[0009] While pacemakers track the numbers of beats
paced or not paced and pacemaker programmers can display
the beat data in histogram format, pacemakers do not
produce histograms of heart signal parameters related to the
electrogram wave form. In other words, pacemakers track
pacemaker operation but pacemakers do not measure or
compute heart signal parameters of the beats in the electro-
gram signal, nor do they save the computed values of heart
signal parameters in memory.

[0010] Pacemakers have been used to collect intramyo-
cardial electrogram (IMEG) data for the purpose of using a
decrease in electrogram QRS complex voltage as an indi-
cator of the rejection of a transplanted heart. The expense,
patient discomfort and inconvenience of endomyocardial
biopsy to detect heart transplant rejection makes an elec-
tronic method highly desirable. The published paper “Clini-
cal Heart Transplantation without Routine Endomyocardial
Biopsy” by Warnecke, et al in the November/December
1992 issue of The Journal of Heart and Lung Transplanta-
tion showed that IMEG recordings made with a cardiac
pacemaker have the potential to replace endomyocardial
biopsy (EMB) as a diagnostic method to detect transplant
rejection. Specifically, Warnecke et al showed that an 8%
decline in IMEG voltage provided the best sensitivity and
specificity as an indicator of potential acute moderate
allograft rejection of a transplanted heart. Unfortunately,
pacemakers are not designed to collect weeks or months of
statistical data on electrogram voltage variations. The addi-
tional external support equipment needed to continually
offload the raw electrogram data from a pacemaker is
expensive and inconvenient to use.

[0011] The term “medical practitioner” shall be used
herein to mean any person who might be involved in the
medical treatment of a patient. Such a medical practitioner
would include, but is not limited to, a medical doctor (e.g.,
a general practice physician, an internist or a cardiologist),
a medical technician, a paramedic, a nurse or an electrogram
analyst. Although the masculine pronouns “he” and “his” are
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used herein, it should be understood that the patient or
medical practitioner could be a man or a woman. A “cardiac
event” includes an acute myocardial infarction, ischemia
caused by effort (such as exercise) and/or an elevated heart
rate, bradycardia, tachycardia or an arrhythmia such as atrial
fibrillation, atrial flutter, ventricular fibrillation, premature
ventricular contractions or premature atrial contractions
(PVCs or PACs) and the rejection of a transplanted heart.

[0012] For the purpose of this invention, the term “elec-
trocardiogram” is defined to be the heart’s electrical signal
as sensed through skin surface electrodes that are placed in
a position to indicate the heart’s electrical activity (depo-
larization and repolarization). An electrocardiogram seg-
ment refers to electrocardiogram data for either a specific
length of time, such as 10 seconds, or a specific number of
heart beats, such as 10 beats. For the purposes of this
specification, the PQ segment of a patient’s electrocardio-
gram is the typically flat segment of a beat of an electro-
cardiogram that occurs just before the Q and R waves. For
the purposes of this specification the ST segment of a
patient’s electrocardiogram is that segment of a beat of an
electrocardiogram that occurs just after the S wave.

[0013] Although occasionally described as an electrocar-
diogram (ECQG), the electrical signal from the heart as
measured from electrodes within the body is properly
termed an “electrogram” or intramyocardial electrogram
(IMEG). For the purpose of this invention, the term “elec-
trogram” is defined to be the heart’s electrical signal from
one or more implanted electrode(s) that are placed in a
position to indicate the heart’s electrical activity (depolar-
ization and repolarization). An “electrogram segment” refers
to a recording of electrogram data for either a specific length
of time, such as 10 seconds, or a specific number of heart
beats, such as 10 beats. For the purposes of this specification
the PQ segment of a patient’s electrogram is the typically
flat, generally horizontal segment of an electrogram that
occurs just before the Q and R waves. For the purposes of
this specification the ST segment of a patient’s electrogram
is that segment of an electrogram that occurs just after the S
wave. For the purposes of this specification, the term QRS
voltage is defined as a measure of QRS complex voltage
amplitude which may either be measured from Q to R, or S
to R of a beat of the electrogram. For the purposes of this
specification, the term QRS segment or QRS complex is that
segment of the electrogram from the Q through the R and
ending at the J point of the S wave. For the purposes of this
specification, the terms “detection” and “identification” of a
cardiac event have the same meaning. A beat is defined as a
sub-segment of an electrogram or electrocardiogram seg-
ment which covers the electrical signal from the heart for
exactly one beat of the heart and includes exactly one R
wave. If the heart rate is 60 bpm, then the sub-segment of the
electrogram that is exactly one beat would represent a
sub-segment of the electrogram that is exactly 1.0 second in
duration. For the purposes of this invention, the term “aver-
age value”, “average amplitude” or “average voltage” of any
segment (viz., QRS complex, ST segment or PQ segment) of
the electrogram shall be defined as meaning either the mean
or the median of a multiplicity of measurements of that
segment. It is also envisioned that in some cases both mean
and median may be computed and will on occasion be
described separately herein.
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[0014] “Heart signal parameters” are defined to be any
measured or calculated value created during the processing
of one or more beats of electrogram (or electrocardiogram)
data. Heart signal parameters are features of the electrogram
derived from one or more measured values and include PQ
segment average voltage, ST segment average voltage, R
wave peak voltage, ST deviation (ST segment average
voltage minus PQ segment average voltage), ST shift (ST
deviation compared to a baseline average ST deviation taken
at some prior time), average signal strength, T wave peak
height, T wave average voltage, T wave deviation, QRS
complex width, QRS voltage, heart rate and R—R interval.
Counts of the number of arrhythmia related events such as
PACs, PVCs and/or episodes of atrial fibrillation are not
considered herein to be heart signal parameters as they do
not directly result from a measured value derived from a beat
of the electrogram. ST segment related heart signal param-
eters include, ST segment average voltage, ST deviation and
ST shift.

SUMMARY OF THE INVENTION

[0015] A “tracker system” as defined herein includes
implanted electrical leads which are part of an implanted
cardiotracker plus external equipment that includes external
alarm means and a physician’s programmer. The present
invention is the tracker system for monitoring the degrada-
tion of a patient’s cardiovascular condition from one or more
causes. These causes include the rejection of a transplanted
heart and further include the progression of a stenosis in a
coronary artery; €.g., as one or more stenoses in a coronary
artery become progressively more narrow thereby causing
reduced blood flow to the heart muscle. As less and less
blood is available to the heart muscle, the patient’s ST
segment will shift during exertion by an ever increasing
amount. Eventually, if the stenosis severely restricts blood
flow or a plaque rupture occurs, a thrombus can form
causing an AMI. By noting changes over time in the shift of
ST segment voltage in relation to the patient’s heart rate, the
patient’s doctor can identify coronary artery narrowing and
intervene before a potentially fatal AMI occurs. The pre-
ferred intervention for such narrowing is the implantation of
one or more drug eluting stents to restore normal blood flow
for the coronary circulation. The tracker system also has the
capability for tracking electrogram signal amplitude (e.g.,
QRS voltage) as well as electrogram feature time durations
such as the width of the QRS complex, ete. A decrease in the
average value of the QRS voltage as compared to a baseline
value for that parameter has been shown to be an early
indicator of rejection of a transplanted heart. By careful
monitoring of this heart signal parameter, the number of
periodic biopsies of heart tissue as an indicator of transplant
rejection can be greatly reduced which provides a significant
cost savings as well as a reduction in the myocardial scar
tissue created by each biopsy.

[0016] As previously stated, the tracker system includes a
device called a cardiotracker for processing and recording
patient heart electrical signals, a physician’s programmer
and an external alarm system. In the preferred embodiment
of the present invention, the cardiotracker is implanted along
with the leads that have electrodes that can sense the heart’s
electrogram. In an alternative embodiment, the cardiotracker
including the electrodes could be external but attached to the
patient’s body. Although the present invention (as described
herein) in most cases refers to the preferred embodiment of
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an implanted cardiotracker which can process electrogram
data from implanted electrodes, the techniques described are
equally applicable to an alternative embodiment where an
external cardiotracker processes electrocardiogram data
from appropriately placed skin surface electrodes.

[0017] In the preferred embodiment of the cardiotracker,
either or both subcutaneous electrodes or electrodes located
on a pacemaker type right ventricular or atrial leads can be
used. It is also envisioned that one or more electrodes may
be placed within the superior vena cava or other vessels of
the circulatory system. One version of the implanted car-
diotracker device using subcutaneous electrodes would have
an electrode located under the skin on the patient’s left side.
This could be best located between 2 and 20 inches below
the patient’s left arm pit. The cardiotracker case acting as the
indifferent electrode would typically be implanted like a
pacemaker under the skin on the upper left side of the
patient’s chest. Still another version of the cardiotracker
could utilize epidural electrodes attached externally to the
heart. This attachment of epidural electrodes to the exterior
surface of the heart from an epidural lead could take place
during the surgery for a transplanted heart.

[0018] The physician’s programmer is used to program the
cardiotracker with respect to any or all of its diagnostic,
detection, alarming and alerting functions. The physician’s
programmer is also used to retrieve and analyze recorded
electrogram segments and other processed heart signal data
from the cardiotracker memory.

[0019] Such processed heart signal parameter data
includes histograms and statistical data that can be used to
identify changes in cardiovascular condition over time peri-
ods of days, weeks, months or even years. The histogram
data can be analyzed by the patient’s physician using
analysis tools provided in the physician’s programmer. The
histogram and/or average value data can also be compared
against preset thresholds that are programmed into the
cardiotracker, If the thresholds are exceeded, the car-
diotracker can activate internal and/or external alarm means
for alerting the patient to seek medical attention.

[0020] Of particular importance is the ability of the his-
tograms in the cardiotracker to track QRS complex voltage
amplitude (or simply the QRS voltage) on a daily basis.
While QRS complex peak-to-peak voltage is the preferred
measurement used for QRS voltage, other signal amplitudes
such as PQ segment to R height or S wave amplitude are also
envisioned. A current publication “Clinical Heart Transplan-
tation Without Routine Endomyocardial Biopsy” by War-
necke et al in The Journal of Heart and Lung Transplanta-
tion showed that intramyocardial electrogram (IMEG)
recordings made with a cardiac pacemaker have the poten-
tial to replace endomyocardial biopsy (EMB) as a diagnostic
means to detect transplant rejection. Specifically, Warnecke
et al showed that an 8% decline in electrogram voltage
provided the best sensitivity and specificity as the indicator
of potential acute moderate allograft rejection.

[0021] While pacemakers are not designed to collect
weeks or months worth of statistical data on electrogram
voltage variations, the present invention cardiotracker and
tracker system is ideally suited for that purpose. A daily
histogram stored in cardiotracker memory which tracks the
electrogram voltage for every beat analyzed, (e.g., 3 to 12
beats every 30 seconds) can provide the data needed to
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identify potential transplant rejection without the need for
endomyocardial biopsy. The histogram data would be down-
loaded to the tracker system’s physician’s programmer for
analysis allowing the medical practitioner to identify a drop
in electrogram voltage indicative of transplant rejection.
Specifically, a decrease in the average value of a multiplicity
of recently measured QRS voltages compared to a baseline
QRS voltage taken when the transplanted heart was not
being rejected can be used by the cardiotracker to detect the
early rejection of a transplanted heart. This detection can
also be used to initiate a patient alert warning signal to
advise the patient to seek medical attention. By changing
medications as to type or amount, the rejection of the heart
transplant can be reversed and the patient’s life can be saved.
It also may be desirable that the cardiotracker or tracker
system programmer be capable of calculating the average (i.
¢., mean or median) and standard deviation of the distribu-
tion of the multiplicity of measured QRS voltages captured
by a histogram data storage technique. For example a
reduction of greater than 8% of the daily mean QRS voltage
compared to a baseline value for this parameter could be an
important indicator of transplant rejection. It is also envi-
sioned that the average QRS voltage over a preset data
collection time period (e.g., a day) could be collected by a
cardiotracker without the need for a histogram.

[0022] The cardiotracker histogram capability could also
track electrogram segment voltages as a function of heart
rate creating two or more histograms per day where each
histogram represents the distribution of QRS voltage for
every beat in a pre-specified heart rate range. Furthermore,
the cardiotracker could be programmed to record the QRS
complex voltage only during a limited time period. It may be
preferable to sclect a time period when the patient would
normally be sleeping such as from midnight to 5 AM.

[0023] Similar to the cardiosaver device described by
Fischell et al in U.S. Pat. Nos. 6,112,116, 6,272,379 and
6,609,023, which are incorporated herein by reference, the
cardiotracker can detect an acute change in the patient’s
electrogram that is indicative of a cardiac event, such as an
acute myocardial infarction, within five minutes after it
occurs and then automatically warn the patient that the event
is occurring. To provide this warning, the tracker system
includes an internal alarm sub-system (internal alarm
means) within the cardiotracker and/or an external alarm
system (external alarm means). In the preferred embodi-
ment, the cardiotracker communicates with the external
alarm system using a wireless radio-frequency (RF) signal.
It is envisioned that the external alarm system of the tracker
system would have capabilities equivalent to those described
by Fischell et al in U.S. Pat. Nos. 6,112,116, 6,272,379 and
6,609,023.

[0024] As in the Fischell et al devices as previously
described, it is envisioned that there would be at least two
types of alarms: a major/critical event alarm (an “EMER-
GENCY ALARM”) signaling the detection of a major
cardiac event (e.g., a heart attack which is an AMI) and the
need for immediate medical attention, and a less medically
significant alert (a “SEE DOCTOR ALERT” or alarm)
signaling the detection of a less serious condition that is not
life threatening such as exercise induced ischemia resulting
from a stenosis that is limiting blood flow in a coronary
artery. Detection of a decreased QRS voltage indicative of
the rejection of a transplanted heart could most appropriately
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be indicated by a SEE DOCTOR ALERT because this is not
an emergency situation but rather one which should inform
the patient to see a doctor as soon as convenient.

[0025] Tt is also envisioned that the external alarm system
of the tracker system would have capabilities equivalent to
that described by Fischell et al in U.S. Pat. Nos. 6,112,116,
6,272,379 and 6,609,023.

[0026] Techniques to capture electrogram data and heart
signal parameter data computed from electrograms over
days, weeks or months are important because, as discussed
above, some of the processes of heart malfunction are
gradual and it is desirable to detect and treat such conditions
before the onset of an acute event such as an AMI or
ventricular fibrillation or the complete rejection of a trans-
planted heart. Limiting the amount of memory and electrical
power needed in the implanted cardiotracker to collect, store
and analyze the electrogram data looking for trends is
especially important in implantable and portable systems.

[0027] The present invention cardiotracker will compute
the value of one or more heart signal parameters for each of
a multiplicity of beats of the electrogram. These values will
be stored in memory for a first time period which is defined
as the “data collection time period.” The cardiotracker
would typically store these values of the one or more heart
signal parameters for a multiplicity of data collection time
periods over a second time period which is defined as the
“collected data retention time period.” The cardiotracker
would typically compute extracted heart signal parameters
(e.g., the mean or median value) extracted from the heart
signal parameter values stored in memory during each data
collection time period. The cardiotracker would typically
store the values of extracted heart signal parameters for a
third time period defined as the “extracted data retention
time period.” In the preferred embodiment of the present
invention, the values of the one or more heart signal param-
eters stored during the data collection time period would be
stored as a histogram or histograms.

[0028] The present invention cardiotracker can track any
combination of the following heart signal parameters:

[0029]

[0030] 2. ST deviation (ST segment amplitude—PQ
segment amplitude for a single heart beat),

[0031] 3. R—R interval (time period between suc-
cessive R waves),

1. ST segment voltage

[0032] 4. R—R interval variability,

[0033] 5. R peak height,

[0034] 6. R wave width

[0035] 7. QRS voltage,

[0036] 8. QRS width,

[0037] 9. RS width,

[0038] 10. T wave width and/or amplitude,

[0039] 11. T wave alternans, and

[0040] 12. QRS shift (a recent average value of QRS

voltage over a data collection time period minus the
baseline QRS voltage where baseline QRS voltage is
the average value of the QRS voltage for a multi-
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plicity of heart beats at a time when the heart of a
heart transplant patient is not undergoing rejection)

[0041] The present invention cardiotracker can also count
archythmia related events (that are not heart signal param-
eters) including:

[0042] a) incidence of PACs or PVCs
[0043] b) PVC beats per electrogram segment,

[0044] c) occurrences of two consecutive beats that
each have a PVC,

[0045] d) the incidence and duration of episodes of
ventricular tachycardia,

[0046] ¢) occurrences of three consecutive PVCs
and/or
[0047] {) the incidence and time duration of episodes

of atrial fibrillation.

[0048] Some of these data will be predictive of ventricular
fibrillation. For example, if there is a change in the fre-
quency of beats with a heart signal parameter that is indica-
tive of a forthcoming episode of ventricular fibrillation, then
certain medication may be prescribed or an implantable
cardioverter defibrillator (ICD) could be implanted.

[0049] 1In one preferred embodiment of the present inven-
tion cardiotracker, the above mentioned heart signal param-
eters and/or counts of arrhythmia related events are tracked
using a histogram technique.

[0050] The dictionary defines a histogram as a “represen-
tation of a frequency distribution by means of rectangles
whose widths represent class intervals and whose areas are
proportional to the corresponding frequencies”. The present
invention cardiotracker is designed to create histograms to
track the frequency distribution of beats (number of beats in
a preset time period) having heart signal parameter levels
within a multiplicity of pre-specified ranges (class intervals).
Such a histogram could be displayed by the physician’s
programmer as a bar chart (a collection of rectangles) where
the width of each bar represents a single pre-specified range
(class interval) of a heart signal parameter and the area of the
bar (heightxwidth) is proportional to the number of beats
(corresponding frequency) in that range of the heart signal
parameter. The preferred embodiment of the present inven-
tion uses a uniform width (pre-specified range) for each bar
and has the height of the bar equal to the number of beats in
the data collection time period having that one heart signal
parameter within that pre-specified range. As an example, in
the heart rate range of 50 to 80 beats per minute (bpm), the
height of a particular bar could indicate that in the data
collection time period of 24 hours, there were 3,005 beats
having a measurement of QRS voltage between 96% and
98% of the baseline QRS voltage that was measured during
a period of 24 hours at 10 days after the heart transplant
surgery when biopsy showed no indications of rejection. In
a preferred embodiment of the present invention the QRS
voltage range of 96% to 98% of baseline would also be
expressed as the percent deviation from baseline QRS
voltage of —4% to -2%.

[0051] The histograms of the present invention can be
used to aid the medical practitioner in determining if a
patient is developing a potentially dangerous heart condi-
tion. As far as the detection of ischemia (including detection
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of AMI) is concerned, the tracker system as described herein
could accurately be called an “Ischemia Management Sys-
tem” or IMS. The use of such histograms will be clarified
with the assistance of FIGS. 6A, 6B, 7A and 7B as provided
below in the DETAILED DESCRIPTION OF THE INVEN-
TION.

[0052] In addition, the present invention cardiotracker
could provide a set of histograms where each histogram
represents a range of a first heart signal parameter and the
class intervals of each histogram represent pre-specified
ranges of a second heart signal parameter. For example, a
first heart signal parameter would be the R—R interval for
the beat and the second heart signal parameter would be the
ST deviation. It is also envisioned that the cardiotracker
would contain a multiplicity of histogram sets where each
set would represent the data collected from a different time
period (e.g., if the data collection time period is a day, then
7 sets are needed for a week and that week would be the
collected data retention time period).

[0053] Furthermore, the implanted cardiotracker can pro-
cess the histogram(s) to compute extracted histogram data
such as:

[0054] 1. the median ST deviation for each histo-
gram,
[0055] 2. the histogram bin having the highest value

for a specific parameter,

[0056] 3. The mean value of ST deviation for each
histogram,
[0057] 4. the standard deviation of the histogram

distribution with respect to the highest value bin or
with respect to the mean or median,

[0058] 5. The number of beats per day per histogram
exceeding a pre-specified threshold of ST deviation,

[0059] 6. The moving average over two or more data
collection time periods of any of items 1 through 5,

[0060] 7. The median of the QRS or RS width
histogram, and

[0061] 8. The average (mean and/or median) QRS
voltage over a pre-specified time period and/or
within a certain range of heart beats per minute.

[0062] 9. The QRS shift which is the average QRS
voltage over a data collection time period compared
to the baseline QRS voltage. QRS shift is typically
the average QRS voltage given as a percentage
deviation from the baseline QRS voltage.

[0063] If number 5 above is used, suggested values for
each pre-specified ST deviation histogram threshold could
be calculated by the programmer based on previously col-
lected histogram data.

[0064] The extracted histogram data can then be compared
by the cardiotracker with a detection threshold. If the
threshold is exceeded, the cardiotracker can take one or
more actions including alerting the patient by means of a
SEE DOCTOR ALERT. It is also envisioned that the car-
diotracker could compare changes in extracted data between
two time periods to detect a change that warrants alerting the
patient.
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[0065] Examples of use of these histograms for the present
invention are as follows:

[0066] 1. Foreach beat it processes, the cardiotracker
would typically compute three heart signal param-
eters, the ST deviation (ic., average ST segment
signal level minus average PQ segment signal level),
the QRS voltage and the R—R interval which is the
time between heart beats whose inverse is a measure
of heart rate. The QRS voltage might be computed
only during a programmed period each day (e.g.,
during sleep) while the ST deviation would typically
be monitored all the time.

[0067] 2. a. The cardiotracker memory would have a
current section containing a set of five ST deviation
histograms, where each of the five histograms cor-
responds to a different range of heart rate (i.e., five
different R—R intervals). Each ST deviation histo-
gram has (for example) 25 bins where each bin acts
as a counter for the number of beats having an ST
deviation within a specific range. That specified
range has previously been termed the “class inter-
val”. An example of the specific range or class
interval for ST deviation might be between -7.5%
and -2.5% of the amplitude of the average baseline
ST deviation taken at approximately the same time
on the prior day

[0068] b. The cardiotracker memory would also
have a current section containing two or three
QRS voltage histograms, where each of the QRS
voltage histograms corresponds to a different
range of heart rates (i.e., different R—R intervals).
Each QRS voltage histogram has (for example) 25
bins where each bin acts as a counter for the
number of beats having a QRS voltage within a
specific range.

[0069] 3. The value of the R—R interval computed in
(1) above will be used by the cardiotracker to select
one of the five ST deviation histograms (2a) into
which the ST deviation data for the beat is placed,
and one of the QRS voltage histograms (2b) into
which the QRS voltage data for the beat is placed.
That is, an R—R interval of 1.0 second corresponds
to a heart rate of 60 bpm. Therefore, if the R—R
interval is 1.0 second, data on a particular heart
signal parameter would be placed in that specific
histogram for heart rates between 50 and 80 bpm.

[0070] 4. The value of ST deviation computed in (1)
above will then be used to pick and increment by
one, one of the bins within the selected ST deviation
histogram where the value of ST deviation of the
beat lies within the range of ST deviation associated
with that specific bin. The value of QRS voltage
computed in (1) above will then be used to pick and
increment by one, one bin within the selected QRS
voltage histogram where the value of QRS voltage of
the beat lies within the range of QRS voltage asso-
ciated with that specific bin.

[0071] Tt is also envisioned that instead of a single histo-
gram per data collection time period, there might be a set of
histograms allowing the cardiotracker to track the first heart
signal parameter (e.g., those listed above) for different
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ranges of a second heart signal parameter. For example,
QRS voltage might be tracked in a set of three different
histograms where each of the three histograms in the set
corresponds to a different range of R—R interval or heart
rate. Furthermore, these data can be tracked where each
histogram (or histogram set) represents a time period as
short as a minute to as long as several years. Similarly, many
histograms or histogram sets corresponding to successive
data collection time periods may be stored in the car-
diotracker and/or programmer to allow the physician to
follow the long term cardiovascular condition of the patient.

[0072] 1Inapreferred embodiment of the present invention,
a multiplicity of histogram sets would track the frequency
distribution of beats with respect to two heart rate param-
eters where each set would correspond to one day. Eight sets
would be contained in memory to provide one set for the
current day and seven sets corresponding to the previous
seven days.

[0073] Additional memory for extracted histogram data
would hold basic and/or processed extracted data for each
histogram in each set for each day for as long as a year. This
provides tremendous data compression. For example, with
only 2 kilobytes of memory, the cardiotracker memory could
store any of the following types and amounts of data:

[0074] 1. 10 seconds of electrogram data at 200
samples per second, or

[0075] 2.8days of histogram data in 5 different heart
rate ranges with 25 bins per histogram, or

[0076] 3. 6 months of the average value of a heart
signal parameter (viz., the average value of the QRS
voltage within a particular range of heart rates)., and
number of beats in each day’s histograms from (2)
above.

[0077] For the purpose of this disclosure, the term “data
collection time period” is defined as the time during which
the cardiotracker will be updating a histogram or histogram
set. The data collection time period could be as short as a
minute and as long as many months. Ideally, collection on a
daily basis would provide important information and would
minimize effects from daily cycles. A data collection time
period of less than an hour would be useful to collect ST
deviation vs. heart rate data during a stress test in the
doctor’s office. The data collected during such a stress test
could be compared to earlier stress tests using analysis tools
built into the physician’s programmer of the tracker system.
In this way the doctor could detect an increased level of
coronary ischemia which may be caused by progressive
narrowing of one or more coronary arteries.

[0078] The “collected data retention time period” is
hereby defined as the time period over which a histogram or
histogram set is stored in cardiotracker memory before it is
overwritten with new data. For example if the data collection
time period is one day and there are 8 sections of histogram
memory (each corresponding to a day), then one section will
be the current day with histogram stored from the 7 previous
days thus the collected data retention time period is 7 days.
The “extracted data retention time period” is similarly
defined as the time period over which the extracted histo-
gram data is stored in cardiotracker memory before it is
overwritten with new data. For example, if the extracted
histogram data (median ST deviation and number of counts)
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are extracted at the end of each day from that day’s histo-
gram, and each day’s value of extracted data is stored in
cardiotracker memory for 6 months before it is overwritten
with new data, then the extracted data retention time period
is 6 months.

[0079] Important aspects of the present invention are the
techniques used by the physician’s programmer to display
the collected histogram data to allow a physician to clearly
see trends in his patient’s cardiovascular condition. These
displays include:

[0080] 1. ascreen including bar charts separately showing
each of the histograms in a set of histograms for one or more
data collection time periods (e.g., one or more days). For
example, the five ST deviation histograms corresponding to
five different heart rate ranges form a set of histograms and
QRS voltage histograms for two or three different heart rate
ranges form a set of QRS voltage histograms,

[0081] 2. a screen that shows line graphs combining
all of the histograms in a set of histograms for one or
more data collection time periods where each histo-
gram in the set is represented by a different line,
Each line being either a different pattern (e.g. solid
line, dashed line, dotted line, etc.) or a different color
for a line.

[0082] 3. ascreen including the line graphs of item 2
for more than one data collection time period where
a typical data collection time period is one day, and

[0083] 4. a screen including a line graph of one or
more types of extracted histogram data as a function
of time (e.g., the QRS shift) plotted each day for a
period of 6 months where the 6 months is the
extracted data retention time period).

[0084] The physician’s programmer would also be used by
the physician to define or select the heart signal parameters
that will be tracked using the histogram technique. It is also
envisioned that the physician’s programmer will be able to
process the histogram data downloaded from the patient’s
cardiotracker to suggest detection thresholds for the detec-
tion by the cardiotracker of future cardiac events that war-
rant patient alerting or alarming.

[0085] An important part of the concept of the present
invention is the comparison of a recent value for some heart
signal parameter with a baseline value for that parameter
that was measured at a prior time. The baseline value would
typically be an average value of the heart signal parameter
collected over a pre-specified period of time, e.g., the data
collection time period.

[0086] For example, while it is envisioned that the car-
diotracker might measure the QRS voltage for each beat and
use the actual measured QRS voltage values to populate
QRS voltage histograms, a preferred embodiment of the
present invention would track the QRS voltage for each beat
as a percentage of baseline QRS voltage or preferably as the
percent deviation (change) from the baseline QRS voltage.
In a preferred embodiment of the present invention, the
histograms would therefore track the percentage deviation
from baseline QRS voltage. Similarly, the average QRS
voltage for each data collection time period would be
tracked as a percentage deviation from the baseline QRS
voltage. Average QRS voltage for each data collection time
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period is an example of extracted histogram data that would
be stored in the extracted histogram data memory of the
cardiotracker. For example, the cardiotracker could calculate
the baseline QRS voltage being the average value of the
QRS voltage for one day at a time after a heart was
transplanted into a human subject when traditional medical
testing showed that the heart is not being rejected. This
would serve as the “baseline QRS voltage” against which all
future QRS voltage measurements would be compared. The
useful concept here being that a significant decline of the
current QRS voltage compared to the baseline QRS voltage
would indicate that the transplanted heart is being rejected.

[0087] For example, each day after the baseline QRS
voltage is obtained, the value of the day’s average QRS
voltage (either as measured or as a percent deviation from
the baseline QRS voltage) would be placed in the computer
memory of the cardiotracker. This would be the “recent”
average QRS voltage. The cardiotracker would be designed
to detect transplant rejection when the deviation between the
recent average QRS voltage compared to the baseline QRS
voltage exceeds a preset threshold. Thus, if the recent daily
average QRS voltage was less than the baseline QRS voltage
by more than (let us say) 8%, the cardiotracker would detect
rejection. If enabled, the patient alerting function of the
cardiotracker would then initiate a SEE DOCTOR ALERT
to be triggered from either or both an internal alarm means
and/or an external alarm means. This alarm would alert the
patient to seek medical attention in a timely manner, hope-
fully, to save the patient’s life.

[0088] While it may be sufficient to detect transplant
rejection when the deviation of average daily QRS voltage
as compared to the bascline QRS voltage exceeds a presct
threshold for a single day, it may be more reliable to require
that the threshold be exceeded for two or more sequential
days.

[0089] Thus it is an object of this invention is to have a
tracker system including a cardiotracker designed to track
slow changes in the condition of the patient’s heart.

[0090] Another object of the present invention is to have
a tracker system including a cardiotracker designed to track
one or more heart signal parameters through the use of
stored histograms.

[0091] Still another object of the present invention is to
have a cardiotracker capable of comparing basic or pro-
cessed extracted histogram data with a physician-set thresh-
old and alerting the patient when that threshold is crossed.

[0092] Still another object of the present invention is to
have a cardiotracker that can calculate a moving average of
extracted histogram data over relevant time periods and use
the moving average to track the condition of the patient’s
heart.

[0093] Still another object of the present invention is to
have the physician’s programmer process downloaded his-
togram and extracted histogram data from the cardiotracker
to suggest detection thresholds for acute cardiac event
detection by the cardiotracker.

[0094] Still another object of the present invention is to
have the cardiotracker determine average values for QRS
voltage over a data collection time period and also have the
capability to provide a SEE DOCTOR ALERT if that
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average value of the QRS voltage deviates from a baseline
QRS voltage by more than a preset amount for one or more
sequential data collection time periods.

[0095] Yet another object of the present invention is to
have a cardiotracker store QRS voltage as a percentage of
the baseline QRS voltage.

[0096] Yet another object of the present invention is to
have a cardiotracker store QRS voltage as a percentage
deviation from the baseline QRS voltage.

[0097] Yet another object of the present invention is to
have a cardiotracker compute the average QRS voltage over
a data collection time period as a percentage deviation from
the baseline QRS voltage, which percentage deviation is the
QRS shift.

[0098] These and other objects and advantages of this
invention will become obvious to a person of ordinary skill
in this art upon reading of the detailed description of this
invention including the associated drawings as presented
herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0099] FIG. 1 illustrates a tracker system for the detection
of a cardiac event and for warning the patient that a cardiac
event is occurring.

[0100] FIG. 2 is a plan view of an implantable car-
diotracker showing the cardiotracker electronics module and
two electrical leads each having one electrode.

[0101]

[0102] FIG. 4 illustrates a normal electrogram pattern
with a set of typical heart signal parameters.

[0103] FIG. 5 is a block diagram showing the structure of
the histogram data memory.

[0104] FIG. 6A is an example of a programmer display
screen showing a set of histograms for ST deviation for a
single data collection time period (viz., one day), where each
histogram corresponds to a different heart rate range.

[0105] FIG. 6B is an example of a programmer display
screen showing a set of histograms for the percent deviation
of the QRS voltage from a baseline QRS voltage for a single
data collection time period (viz., one day), where cach
histogram corresponds to a different heart rate range.

[0106] FIG. 7A is an example of a programmer display
screen showing ST deviation histograms for three different
days, where each frequency plot shows 5 different heart rate
ranges on one graph with multiple lines.

[0107] FIG. 7B is an example of a programmer display
screen showing histograms for the percent deviation of the
QRS voltage from the baseline QRS voltage for three
specific days and for three different ranges of heart rate.

[0108] FIG. 8A is an example of the programmer display
screen showing a graphical representation of the 5 day
moving average of the daily average ST deviation for each
of five heart rate ranges over a period of 26 weeks.

[0109] FIG. 8B is an example of the programmer display
screen showing a graphical representation of the percent

FIG. 3 is a block diagram of the cardiotracker.



US 2005/0113705 Al

deviation of the daily median QRS voltage from the baseline
QRS voltage for each of three heart rate ranges over a period
of 26 weeks.

DETAILED DESCRIPTION OF THE
INVENTION

[0110] FIG. 1illustrates an example of a tracker system 10
including an implanted cardiotracker 5 and external equip-
ment 7. The cardiotracker 5 includes electrical wire leads 12
and 15 and a battery-powered electronics module contained
within a metal case 11. The cardiotracker 5 can track the
patient’s cardiovascular condition over extended periods of
time. The cardiotracker 5 can also detect acute cardiac
events including acute myocardial infarction and arrhyth-
mias and warn the patient when such an event occurs. The
cardiotracker 5 can also track slowly changing cardiac
functions such as day-to-day changes in QRS voltage that
can be indicative of the rejection of a transplanted heart. The
cardiotracker 5 can record the patient’s electrogram signal
for later review by a medical practitioner. The cardiotracker
5 can capture histogram-based historical representations of
one or more heart signal parameters for later analysis and
review by a medical practitioner. The cardiotracker § can
also send out wireless signals 33 to and receive wireless
signals 54 from the external equipment 7. The functioning of
the cardiotracker 5 will be explained in greater detail with
the assistance of FIGS. 2, 3, 4 and 5.

[0111] The cardiotracker 5 has two leads 12 and 15 that
have one or more electrical conductors (wires) with sur-
rounding insulation. The lead 12 is shown with two elec-
trodes 13 and 14. The lead 15 has subcutaneous electrodes
16 and 17. In fact, the cardiotracker 5 could utilize as few as
one lead or as many as three and each lead could have as few
as one electrode or as many as eight electrodes. Further-
more, electrodes 8 and 9 could be placed on the outer surface
of the case 11 without any wire leads extending from the
cardiotracker 3.

[0112] The lead 12 in FIG. 1 could advantageously be
placed through the patient’s vascular system with the elec-
trode 14 being placed into the apex of the right ventricle. The
lead 12 with electrode 13 could be placed in the right
ventricle or right atrium or the superior vena cava similar to
the placement of leads for pacemakers and implantable
cardioverter defibrillators (ICDs). The metal case 11 of the
cardiotracker 5 could serve as an indifferent electrode with
either or both electrodes 13 and/or 14 being active elec-
trodes. It is also conceived that the electrodes 13 and 14
could be used as bipolar electrodes. Alternately, the lead 12
in FIG. 1 could advantageously be placed through the
patient’s vascular system with the electrode 14 being placed
into the apex of the left ventricle. The electrode 13 could be
placed in the left atrium.

[0113] The lead 15 could advantageously be placed sub-
cutaneously at any location where the electrodes 16 and/or
17 would provide a good electrogram signal indicative of the
electrical activity of the heart. Again for this lead 15, the
case 11 of the cardiotracker 5 could be an indifferent
electrode and the electrodes 16 and/or 17 could be active
electrodes or electrodes 16 and 17 could function together as
bipolar electrodes. The cardiotracker 5 could operate with
only one lead and as few as one active electrode with the
case 11 of the cardiotracker 5§ being an indifferent electrode.
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The tracker system 10 described herein can readily operate
with only two electrodes. It is also envisioned that the lead
15 could be an epicardial lead with the electrode 17 being
firmly attached to the heart muscle from outside of the
patient’s heart and the electrode 13 being implanted else-
where within the patient’s body.

[0114] One embodiment of the cardiotracker device 5
using subcutaneous lead 15 would have the electrode 17
located under the skin on the patient’s left side. This could
be best located between 2 and 20 inches below the patient’s
left arm pit. The cardiotracker case 11 could act as the
indifferent electrode and would typically be implanted under
the skin on the upper left side of the patient’s chest.
Alternately, both electrodes 8 and 9 could, like the
Medtronic Reveal™, be located on the surface of the car-
diotracker case 11.

[0115] FIG. 1 also shows the external equipment 7 that
consists of a physician’s programmer 68 having an antenna
70 and an external alarm system 60 including a charger 166
that could be used to charge a rechargeable battery (not
shown) in the external alarm system 60. It should be
understood that the external alarm system 60 could also be
powered by a conventional (i.e., non-rechargeable) battery.
The external equipment 7 provides means to interact with
the implanted cardiotracker 5. These interactions include
programming the cardiotracker 5, retrieving data collected
by the cardiotracker 5 and handling alarms generated by the
cardiotracker 5.

[0116] The purpose of the physician’s programmer 68
shown in FIG. 1 is to set and/or change the operating
parameters of the implantable cardiotracker § and to read out
data stored in the memory of the cardiotracker 5 such as
stored electrogram segments, histograms and extracted his-
togram data. This would be accomplished by transmission of
a wireless signal 54 from the programmer 68 to the car-
diotracker 5 and receiving of telemetry by the wireless
signal 53 from the cardiotracker § to the programmer 68.
When a laptop computer is used as the physician’s program-
mer 68, it would require connection to a wireless transceiver
for communicating with the cardiotracker 5. Such a trans-
ceiver could be connected via a standard interface such as a
USB, serial or parallel port or it could be inserted into the
laptop’s PCMCIA card slot. The screen on the laptop
physician’s programmer 68 would be used to provide guid-
ance to the medical practitioner in communicating with the
cardiotracker 5. Also, the screen could be used to display
both real time and stored electrograms that are read out from
the cardiotracker 5 as well as histograms and extracted data
based on any one of several heart signal parameters.

[0117] In FIG. 1, the external alarm system 60 has a
patient operated initiator 55, an alarm disable button 59, a
panic button 52, an alarm transceiver 56, a speaker 57, a
modem 165 and an antenna 161. The modem 165 allows
data transmission to and from medical services 67 via the
communication link 63. It is also envisioned (but not shown
in FIG. 1) that the external alarm system 60 could include
a microphone and associated electronics for two-way voice
communication with the medical services 67.

[0118] Ifa cardiac event is detected by the cardiotracker 5
or the long term cardiovascular tracked data has exceeded a
programmed limit, an alarm message is sent by a wireless
signal 53 to the alarm transceiver 56 via the antenna 161.
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When the alarm message is received by the alarm trans-
ceiver 56, a signal 58 is then sent to the loudspeaker 57. The
signal 58 will cause the loudspeaker 57 to emit an external
audio alarm signal 51 to warn the patient that an event has
occurred. Examples of external alarm signals 51 include a
periodic buzzing, a sequence of tones and/or a speech
message that instructs the patient as to what is happening
and what actions should be taken. Furthermore, the alarm
transceiver 56 can, depending upon the nature of the signal
53, can send an outgoing signal over the link 65 to contact
emergency medical services 67. When the detection of an
acute myocardial infarction or other life threatening cardiac
event (e.g., tachycardia) is the cause of the alarm, the alarm
transceiver 56 could automatically notify medical services
67 that a serious cardiac event has occurred and an ambu-
lance could be sent to treat the patient and to bring him to
a hospital emergency room or directly to a catheterization
laboratory.

[0119] If communication with medical services 67 is
enabled and a cardiac event alarm is sent within the signal
53, the modem 165 will establish the data communications
link 65 over which a message will be transmitted to the
medical services 67. The message sent over the link 65 may
include any one, a combination of several or all of the
following information types: (1) a specific patient is having
an acute myocardial infarction or other cardiac event, (2) the
patient’s name, address and a brief medical history, (3) a
map and/or directions to where the patient is located (using
the GPS satellite or cellular location means is also envi-
sioned), (4) the patient’s stored electrogram including base-
line electrogram data and the specific electrogram segment
that generated the alarm (5) continuous real time electro-
gram data, and (6) a prescription written by the patient’s
personal physician as to the type of treatment and/or the
amount of drug to be administered to the patient in the event
of a specific cardiac event. If the medical services 67 include
an emergency room at a hospital, information can be trans-
mitted that the patient has had a cardiac event and should be
on his way to the emergency room. In this manner the
medical practitioners at the emergency room and/or a cath-
eterization laboratory could be prepared for the patient’s
arrival.

[0120] Just as the ONSTAR™ service will respond to help
a driver immediately after a car’s air bags deploy, so might
the medical services 67 respond to the patient upon receipt
of information that a serious cardiac event has occurred.
Such a serious cardiac event would cause an EMERGENCY
ALARM signal to be initiated by the internal alarm means
in the cardiotracker and (if within range) an external alarm
would sound from the external alarm system 60. Based on
the patient’s cardiac event and prior instructions from the
patient’s physician, the medical services personnel can
instruct the patient and summon appropriate help.

[0121] The purpose of the patient operated initiator 55 is
to give the patient the capability for initiating transmission
of captured electrogram segments and histogram data from
the cardiotracker 5, through the external alarm system 60, to
a medical practitioner at the medical services 67. This will
enable one or more electrogram segments to be displayed for
a medical practitioner. The alarm disable button 59 can be
used by the patient to turn off the internal alarm signal
generated within the cardiotracker 5 and/or turn off the
external alarm signal 51 played through the speaker 57. If
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the alarm disable button is not pressed, either or both the
internal and external alarms would continue for a preset
period of time such as 15 minutes. A reminder alarm signal
might then be triggered at some later time (e.g., 2 to 5 hours
later) if the patient has not turned off the alarms by means
of the alarm disable button 59.

[0122] The patient might press the panic button 52 in the
event that the patient feels that he is experiencing a cardiac
event even if there is no alarm signal from either the internal
or external alarm means. The panic button 52 will initiate the
transmission from the cardiotracker 5 to the external alarm
system 60 via the wireless signal 53 of both recent and
baseline electrogram segments. Also, following the use of
the panic button 52, the tracker system 10 can be pro-
grammed to transmit the last set of histograms tracking a
particular aspect of the patient’s cardiovascular condition. In
addition, an analysis of the histogram data, for example, the
5 day moving average of a heart signal parameter (e.g., ST
deviation) over the last week or month, may be transmitted
to medical practitioners at the medical services 67 to allow
them to see trends in the patient’s cardiovascular condition.
The external alarm system 60 will then retransmit these data
via the link 65 to medical services 67 where a medical
practitioner will view the data. The medical practitioner
remotely located at the medical services 67 could then
analyze the data and call the patient back to offer advice as
to whether this is an emergency situation or the situation
could be routinely handled by the patient’s personal physi-
cian at some later time.

[0123] FIG. 2 is a plan view of the cardiotracker 5 having
ametal case 11 and a plastic header 20. The case 11 contains
the battery 22 and the electronics module 18. This type of
package is well known for pacemakers, implantable defibril-
lators and implantable tissue stimulators. Electrical conduc-
tors placed through the plastic header 20 connect the elec-
tronics module 18 to the electrical leads 12 and 15, which
have respectively electrodes 14 and 17. The lead electrodes
13 and 16 and the on-case electrodes 8 and 9 of FIG. 1 are
not shown in FIG. 2. It should also be understood that the
cardiosaver § can function with only two electrodes, one of
which could be the case 11. All the different configurations
for electrodes shown in FIGS. 1 and 2, such as the clec-
trodes 8, 9, 13, 14, 16 or the metal case 11 are shown only
to indicate that there are a variety of possible electrode
arrangements that can be used with the cardiosaver 5.

[0124] On the metal case 11, a conducting disc 31
mounted onto an insulating disc 32 can be used to provide
a subcutaneous electrical tickle to warn the patient with a
SEE DOCTOR ALERT or an EMERGENCY ALARM or
the disc 31 could act as an independent electrode for sensing
the patient’s electrogram. Alternatively, the electrode 8 or
the electrode 9 of FIG. 1 could be used as a sensing
electrode for the electrogram.

[0125] FIG. 3 is a block diagram of the cardiotracker 5
with battery 22. The electrodes 14 and 17 connect with wires
within the leads 12 and 15 respectively to the amplifier 36
that is also connected to the case 11 acting as an indifferent
electrode. As two or more electrodes 14 and 17 are shown
here, the amplifier 36 would be a multi-channel amplifier. If
only one electrode was used, the amplifier would be a single
channel amplifier. The amplified electrogram signals 37
from the amplifier 36 are converted to digital signals 38 by
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the analog-to-digital converter 41. The digital electrogram
signals 38 are buffered in the First-In-First-Out (FIFO)
memory 42. A processor shown as the central processing
unit (CPU) 44 coupled to memory means shown as the
Random Access Memory (RAM) 47 can process the digital
electrogram data 38 stored within the FIFO 42 according to
the programming instructions stored in the program memory
45. This programming (ie., software) enables the car-
diotracker 5 to detect the occurrence of cardiac events such
as an acute myocardial infarction.

[0126] A clock/timing sub-system 49 provides the means
for timing specific activities of the cardiotracker 5 including
the absolute or relative time stamping of detected cardiac
events. The clock/timing sub-system 49 can also facilitate
power savings by causing components of the cardiotracker
5 to go into a low power standby mode in between times of
electrogram signal collection and processing. Such cycled
power savings techniques are often used in implantable
pacemakers and defibrillators. In an alternative embodiment,
the function of the clock/timing sub-system 49 can be
provided by a program subroutine run by the central pro-
cessing unit 44.

[0127] Inapreferred embodiment of the present invention,
the RAM 47 includes specific memory locations for 3 sets of
electrogram segment storage. These are the recent electro-
gram storage 472 that would store the last 2 minutes to 24
hours of recorded electrogram segments so that the electro-
gram data for the last day (even if there are no events) or in
the period just before the onset of a cardiac event can be
reviewed at a later time by the patient’s physician using the
physician’s programmer 68 of FIG. 1. For example, the
recent electrogram memory 472 might contain eight, 10
second long electrogram segments that were captured every
30 seconds over the prior 4 minute time period. The baseline
electrogram memory 474 would also provide storage for
baseline electrogram segments collected at preset times over
one or more days. For example, the baseline electrogram
memory 474 might contain 24 baseline electrogram seg-
ments of 10 seconds duration, one from each hour for the
prior 24 hours.

[0128] The event memory 476 occupies the largest part of
the RAM 47. The event memory 476 is not overwritten on
a regular schedule as are the current electrogram memory
472 and baseline electrogram memory 474 but is typically
maintained until read out by the patient’s physician with the
programmer 68 of FIG. 1. When a cardiac event such as
excessive ST shift indicating an acute myocardial infarction
is detected by the CPU 44, all (or part) of the entire contents
of the baseline and recent electrogram memories 472 and
474 would typically be copied into the event memory 476 so
as to save the pre-event data for later physician review.
Following the occurrence of a cardiac event, post event
electrogram data would be saved in the event memory 476
for a preset time period.

[0129] The RAM 47 also contains memory sections for
programmable parameters 471 and calculated baseline data
475. The programmable parameters 471 include the upper
and lower limits for the normal and elevated heart rate
ranges and physician programmed parameters related to the
cardiac event detection processes stored in the program
memory 45. The calculated baseline data 475 contain detec-
tion parameters extracted from the baseline electrogram
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segments stored in the baseline electrogram memory 474.
Calculated baseline data 475 and programmable parameters
471 would typically be saved to the event memory 476
following the detection of a cardiac event. The RAM 47 also
includes patient data 473 that may include the patient’s
name, address, telephone number, medical history, insurance
information, doctor’s name, and specific prescriptions for
different treatments or medications to be administered by
medical practitioners in the event of different cardiac events.

[0130] Finally, the RAM 47 contains histogram data
memory 43 whose structure is shown in FIG. 5.

[0131] It is envisioned that the cardiotracker 5 could also
contain pacemaker circuitry 170 and/or defibrillator cir-
cuitry 180 similar to the cardiosaver device described by
Fischell et al in U.S. Pat. No. 6,240,049.

[0132] The alarm sub-system 48 is the internal alarm
means that contains the circuitry and transducers to produce
the internal alarm signals for the cardiotracker 5. The
internal alarm signal can be a mechanical vibration, a sound
or a subcutaneous electrical tickle.

[0133] The telemetry sub-system 46 with antenna 35 pro-
vides the cardiotracker 5 the means for two-way wireless
communication to and from the external equipment 7 of
FIG. 1. The outgoing signal 53 being from the cardiotracker
5 to the external equipment 7 and the incoming signal 54
being from the external equipment 7 to the cardiotracker 3.
Existing radiofrequency transceiver chip sets such as the
CHIPCOM CC1000 or the Ash transceiver hybrids pro-
duced by RF Microdevices, Inc. can readily provide such
two-way wireless communication over a distance of up to 10
meters from the patient. It is also envisioned that short range
telemetry (less than 6 inches) such as that typically used in
pacemakers and defibrillators could also be applied to the
cardiotracker 5. It is also envisioned that standard wireless
protocols such as Bluetooth and 802.11a, 802.11b or
802.11g might be used to allow communication with a wider
group of externally located peripheral devices.

[0134] A magnet sensor 190 could be incorporated into the
cardiotracker 5. An important use of the magnet sensor 190
is to turn on the cardiotracker 5 on just before programming
and implantation into a human subject. This would reduce
wasted battery life in the period between the times that the
cardiotracker 5 is packaged at the factory until the time that
it is implanted into the human subject.

[0135] FIG. 4 highlights the features of one normal beat
500 of an electrogram segment and also shows some por-
tions of the prior beat. The beat 500 shows typical heart beat
wave elements labeled P, Q, R, S and T. The beat 500 is
defined to be a sub-segment of an electrogram segment
containing exactly one R wave and including the P and Q
elements before the R wave and the S and T elements
following the R wave. The R—R interval 507 for the beat
500 is defined as the time from the R wave before the beat
500 to the R wave of the beat 500. Both the prior R wave and
the R wave of the beat 500 are shown in FIG. 4.

[0136] For the purposes of detection algorithms, different
sub-segments, elements and calculated values related to the
beat 500 are hereby specified. The peak of the R wave of the
beat 500 occurs at the time Ty (509). The PQ segment 501
and ST segment 505 are sub-segments of the normal beat
500 and are located in time with respect to the time Ty, (509)
as follows:
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[0137] a. The PQ segment 501 has a time duration
D, (506) and starts Tpq (502) milliseconds before
the time Tk (509).

[0138] b. The ST segment 505 has a time duration
D_ (508) and starts Ty (502) milliseconds after the
time Ty (509).

[0139] The ST segment 505 and the PQ segment 501 are
examples of sub-segments of the electrogram signal from a
patient’s heart. The R wave and T wave are also sub-
segments. The dashed lines Vpq, (512) and Vg (514) illus-
trate the average voltage amplitudes of the PQ and ST
segments 501 and 505 respectively for the normal beat 500.
The “ST deviation”AV (510) of the normal beat 500 is
defined as:

AV(S10)=Ver(514)-Vpo(512)

[0140] The parameters Tpy, Tgp, Dpg and Dgp would
typically be set with the programmer 68 of FIG. 1 by the
patient’s doctor at the time the cardiotracker 5 is implanted
s0 as to best match the morphology of the patient’s electro-
gram signal at a normal (e.g., resting) heart rate.

[0141] The R height Vpor (519) for the beat 500 is defined
as

Vpor(519)=V3(503)-Vp(512)

[0142] Vpq (512), Vgr (514), Vi (503), Vg (519) and
AV (510) are examples of per-beat heart signal parameters
for the beat 500.

[0143] Although it may be effective to fix the values of
start times Tpg (502) and Ty (504) and the time durations
Dy (506) and Dy, (508), it is envisioned that the start times
Tpg and Tgr and the durations Dpg and Dgp could be
automatically adjusted by the cardiotracker 5 to account for
changes in the R—R interval 507 (i.e., changes in the
patient’s heart rate). If the R—R interval 507 increases or
decreases, as compared with the R—R interval for patient’s
normal heart rate, it is envisioned that the start times Tpg
(502) and Tg;. (504) and/or the durations Dy, (506) and Dg.
(508) could be adjusted depending upon the R—R interval
507 for a specific beat or the average R—R interval for an
entire electrogram segment. A simple technique for doing
this would vary the start times Ty and Tg and the durations
Dpg and Dy in proportion to the change in R—R interval.
For example, if the patient’s normal heart rate is 60 beats per
minute, the R—R interval is 1 second. At 80 beats per
minute the R—R interval is 0.75 seconds, a 25% decrease.
This could automatically produce a 25% decrease in the
values of Tpg, Tsy, Dpg and Dgr. Alternately, the values for
Tpas Tsrs Dpo and Dgr could be fixed for each of up to 20
preset heart rate ranges. In either case, it is envisioned that
after the device has been implanted, the patient’s physician
would, through the programmer 68 of FIG. 1, download
from the cardiotracker 5 to the programmer 68, a recent
electrogram segment from the recent electrogram memory
472 (of FIG. 3). The physician would then use the program-
mer 68 to select the values of Tpg, T, Dpg and Dg- for the
heart rate in the downloaded recent electrogram segment.
The programmer 68 would then allow the physician to
choose to either manually specify the values of Tpg, Tgr,
D, and Dgp for each heart rate range or have the car-
diotracker 5 automatically adjust the values of Tpg, Tgr,
D, and Dgy based on the R—R interval 507 for each beat of
any electrogram segment collected in the future by the
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cardiotracker 5. It is also envisioned that only the start times,
Tpq and Tgp, might be automatically adjusted and the time
durations Dy, and Dg- would be fixed so that the average
Values of the ST and PQ segments V,, (512), V. (514),

o (512) and V'g (514) would always use the same
number of data samples for averaging.

[0144] While the simplest method of adjusting the start
times Tpg and Tgp is to adjust them in proportion to the
R—R interval 507 from the preceding R wave to the R wave
of the current beat, a preferred embodiment of the present
invention is to adjust the start times Tpq and Ty in propor-
tion to the square root of the R—R interval 507 from the
preceding R wave to the R wave of the current beat. It is also
envisioned that a combination of linear and square root
techniques could be used where T and Dgy could be set to
be proportional to the square root of the R—R interval while
Tpq and Dpg could be linearly proportional to the R—R
interval.

[0145] When pacemaker circuitry 170 is used with the
cardiotracker 5, it envisioned that the start time Tgqp and
duration Dgy of the ST segment may have different values
depending on whether or not the heart is being paced. When
the pacemaker is pacing the heart, the ST segment shifts so
as to occur later relative to the start of the R wave as
compared to the position of the ST segment when the pacer
is not pacing the heart. It is also envisioned, that the offset
for the start of the ST segment may be better measured from
the S wave instead of the R when the pacemaker is not
pacing. The technique of using different timing parameters
for start and duration when pacing can be applied to analysis
of any sub-segment of the electrogram including the sub-
segment that includes the T wave peak. When the pacemaker
circuitry 170 is used with the cardiotracker §, the algorithm
for measurement of the ST segment can be adjusted to
respond to either the pacing or no-pacing condition of the
pacemaker circuitry 170.

[0146] An example of a sequence of steps used to calcu-
late the ST deviation 510 for the normal beat 500 is as
follows:

[0147] 1. Identify the time Ty (509) for the peak of
the R wave for the beat 500,

[0148] 2. Calculate the R—R interval 507 and use
that value to look up in a table or calculate the values
of the start times Ty, Tgr and the time durations
D,  and Dgr,

[0149] 3. Average the amplitude of the PQ segment
501 between the times (Tr-Tpg) and (Tr-Tpot
Dpo) to create the PQ segment average amplitude
V,.(512),

[0150] 4. Average the amplitude of the ST segment
505 between the times (Tg+Tgr) and (Tg+Tgr+Dgr)
to create the ST segment average amplitude Vgp
(514), and

[0151] 5. Subtract V., (512) from Vg, (514) to
produce the ST deviation, AV (510) for the beat 500.

[0152] At preset time intervals during the day the car-
diotracker § will calculate the “average baseline ST
deviation”AV_ _ defined as the average of the ST deviations
AV (510) for ai least two beats of a baseline electrogram
segment. Typically the ST deviation of 4 to 8 beats of the
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baseline electrogram segment will be averaged to produce
the average baseline ST deviation AVg,ge Which can be
used for later comparison with the ST deviation of recent
beats to identify changes indicative of a cardiac event such
as an acute myocardial infarction. Fischell et al in U.S. Pat.
No. 6,609,023 describe in detail the methods for detecting
AMI and exercise induced ischemia.

[0153] As (for example) the ST deviation, AV (510) or the
QRS voltage, Vg (511) for each beat is calculated, one or
more histograms stored in the histogram data memory 43 of
FIGS. 3 and 5 will be incremented with that specific value
of that heart signal parameter.

[0154] FIG. 5 is an example of a structure for the histo-
gram data memory 43 of the cardiotracker 5 of FIG. 3. The
histogram data memory 43 contains two types of histogram
data, raw histogram data stored in the memory sections 430
through 43N and extracted histogram data stored in the
extracted histogram data memory 439. One of the raw
histogram data sections 430 through 43N will always be the
section currently being incremented as individual beats are
processed by the processor 44 of FIG. 3 to compute the
value of one or more heart signal parameters for each
processed beat. The other histogram sections will usually be
the histograms collected during prior data collection time
periods.

[0155] In this example, each section 430 through 43N has
5 histograms (e.g., section 430 has histograms 4301, 4302,
4303, 4304 and 4305). Each of the 5 histograms in cach
section has a multiplicity of bins (e.g., histogram 4301 has
bins 43014, 43015 through 4301y). Each bin is a counter that
is typically stored in one to 3 bytes of the histogram data
memory 43.

[0156] As the cardiotracker 5 processes a beat of the
patient’s electrogram, one or more heart signal parameters
will be measured or computed for the beat. For each
processed beat, the counter value of one bin in one of the
histograms of the current histogram section will be incre-
mented by one.

[0157] The choice of which bin in which histogram is
incremented will be based on two heart signal parameters.
The selection of one of the 5 histograms will be based on the
value of a first heart signal parameter and the choice of
which bin is to be incremented will depend upon the value
of a second heart signal parameter. Specifically, a specific
histogram will be selected if the value of the first heart signal
parameter is within the range of the first heart signal
parameter associated with that specific histogram. Similarly,
a bin within the selected histogram will be incremented if the
value of the second heart signal parameter is within the
range of the second heart signal parameter associated with
that bin.

[0158] Forexample, if the data collection time period used
for tracking a heart signal parameter, like ST deviation, is
one day and collected data retention time period is one week,
then N=7 (i.e., section 43N is section 437) and there will be
8 sections 430 through 437 in the histogram memory 43 with
seven sections storing the data for each one of seven prior
days and the eighth section storing the data for the current
day. In this example, each of the five histograms per section
correspond to a different range of R—R interval (or heart
rate) [the first heart signal parameter] and each bin within a
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histogram corresponds to a different range of ST deviation
[the second heart signal parameter]. As a further example,
section 4301 corresponds to heart rates that are between 50
and 80 bpm and each of the bins 4301¢ through 4301y would
correspond to a 5% wide (£2.5%) range of ST deviation as
a percentage of baseline R height. Furthermore bin 4103a
would correspond to a range of ST deviation of -60%+2.5%
of baseline R height and bin 4301y would correspond to a
range of ST deviation of +60%+2.5% of baseline R height.
Theretore the bin 43017 (not shown) would correspond to a
range of ST deviation between +2.5% and +7.5% (i.e.,
5%=2.5) of the average bascline level of ST deviation. This
bin 43017 would have the data shown as the highest bar of
graph 601 in FIG. 6A. In FIG. 6A it is shown that there are
a total of 25 bins in each of the histograms 601-605
inclusive. These bins run from -60% plus or minus 2.5% to
+60% plus or minus 2.5%. The 14™ bin is 4301 which is
+5% plus or minus 2.5% and the 25" bin in section 4301 is
4301y which is +60% plus or minus 2.5%. The five different
heart rate ranges shown for the histograms 601 to 605
inclusive of FIG. 6A would (for example) correspond to the
sections 4301 to 4305 inclusive of FIG. 5.

[0159] Tt is envisioned that the levels of ST deviation can
be representative of actual voltages (e.g., millivolts) or they
may be a normalized value with respect to the signal
amplitude of the beat or electrogram segment. Examples of
such a signal amplitude is the QRS voltage V5 (511) or the
R wave height above the PQ segment which is Vpog (519)
of FIG. 4.

[0160] InFIG.S5, if section 432 is the present day’s current
histogram, then section 431 is from the day before, section
430 from 2 days before, and because the data rolls over, 437
(not shown) is the histogram for 3 days before, 436 (not
shown) from 4 days before, 435 (not shown) from 5 days
before, 434 (not shown) from 6 days before and section 433
(not shown) from 7 days before. For each beat analyzed by
the cardiotracker for the current day’s histogram, the R—R
interval (heart rate) for that beat is used to select one of the
histograms 4321 through 4325 and the value of ST deviation
computed for that beat will be used to select the bin in the
selected histogram that will be incremented by 1. Further
using the labeling of FIG. 4, assume the R—R interval for
the beat just analyzed is within the heart rate range of the
first histogram 4321 of the current section 432 and the ST
deviation 510 of the beat analyzed is -0.1 millivolts which
is =1% of the R height 519. In this case the bin correspond-
ing to a range of ST deviations that includes -1% of R height
will be incremented by 1. In this way each beat is counted
in one bin of one histogram of the current section, in this
case, section 432. Over a 24 hour period as the patient’s
heart rate (R—R interval) goes up and down, the histograms
will track the ST deviation of each beat processed in each of
the ranges of heart rate.

[0161] At the end of the data collection time period (24
hours in this example) during which section 432 is the
current section, the cardiotracker will clear section 433 (the
section with the oldest data) of all previously stored data and
make section 433 (now empty) the current section for data
collection. The previous current section 432 now becomes
the section from one day before and is saved until the cycle
repeats. On the day following the day where section 437 is
the current day, section 430 will become the current section.
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[0162] Itisenvisioned that before clearing section 433, the
cardiotracker might extract or analyze the data in 433 and
save the extracted data in the extracted histogram data
memory 439. For example, the median value of ST deviation
could be calculated for section 432 and that data could be
time stamped as to the day of the year and placed into the
extracted histogram data memory 439. Alternately, the
extracted data placed in the extracted histogram data
memory 439 may be calculated for the current histogram
section 432 at the end of the data collection time period
where the section 432 was designated as the current section.

[0163] Examples of extracted data for any data collection
time period can include any one, some or all of the follow-
ing:

[0164] 1. number of beats in a histogram exceeding
an ST deviation or ST shift threshold,

[0165]

[0166] 3. standard deviation of ST deviation or ST
shift distribution (may include both positive and
negative standard deviation values),

[0167] 4. total number of beats in the histogram (if
there are very few beats in a particular histogram,
using the average and/or standard deviation could be
misleading),

[0168] 5. ST deviation or ST shift bin with greatest
number of beats,

[0169] 6. the moving average over 2 or more data
collection time periods of any of items 1 through 5
immediately above,

2. average ST deviation or average ST shift,

[0170] 7. the average of the QRS or RS width, and
[0171] 8. the average QRS voltage.
[0172] When the patient’s physician downloads the data

from the histogram data memory 43 (of FIG. 3), the
histograms for the current data collection time period up to
the time of download, and the complete histograms for the
previous collected data retention time period can all be
viewed using the physician’s programmer 68 of FIG. 1.

[0173] Although the examples above used one day per
section as the data collection time period, shorter or longer
periods are envisioned. Although 8 sections, (representing 7
days plus a current day’s histogram section) are described
above, with sufficient memory, a month (32 sections), a year
(367 sections) or more of data can be saved in this format.

[0174] Although 5 histograms per section are described in
the example above, it is envisioned that as few as one and
as many as 100 could be used to collect relevant data. There
are a number of heart signal parameters including QRS
width or RS width of the electrogram wave form and R—R
interval variability indicative of changes in the balance of
the patient’s sympathetic and parasympathetic nervous sys-
tems that are most likely to be tracked in a single histogram
per data collection time period. Other heart signal param-
eters such as ST deviation, ST segment voltage, ST shift (ST
deviation relative to average baseline ST deviation), T wave
height, QRS voltage and/or R wave height may be prefer-
ably tracked with respect to heart rate (determined from
R—R interval) using multiple histograms per section.
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[0175] Itisenvisioned, that the data collection time period
could be as short as a minute and as long as many months.
A preferred embodiment uses a data collection time period
of one day as collection on a daily basis would eliminate any
affects from daily cycles (i.¢., from circadian rhythm). A data
collection time period of less than an hour would be useful
to collect ST deviation vs. heart rate data during a stress test
in the doctor’s office. The data collected during such a stress
test could be compared to earlier tests using analysis tools
built into the physician’s programmer 68 of the tracker
system 10. Histogram data does not require large amounts of
data storage. For example, each of the five histograms 4321
through 4325 of FIG. 5 might have 25 bins 4321«, 4321
through 4321y, with each bin requiring 2 bytes of data
storage. Thus only 50 bytes are needed per histogram and
250 bytes for the entire section 432. The eight sections
would therefore require only 2 kilobytes, approximately 7.5
kilobytes would suffice for a month’s (30 days) data and
approximately 90 kilobytes for a year of data. Being able to
store a one week to twelve month history of cardiovascular
condition within the cardiotracker would be of tremendous
value to cardiologists in diagnosing the progression of
cardiovascular disease. Two byte bins are typically sufficient
for a day’s data as the cardiotracker is designed to only
monitor some fraction of the beats (e.g., 10 seconds out of
every 30 seconds) and a two byte counter could handle every
third beat for 54 hours. If a longer data collection time period
than 4 days is required, three bytes could handle more than
year’s worth of data where a third of all beats are captured.
Four bytes per bin would be sufficient to count every heart
beat for one hundred years.

[0176] It is also envisioned that the physician’s program-
mer 68 of FIG. 1 could include the capability to manually
clear the data in the current histogram. This would allow a
“clean slate” for data collection from a stress test where, as
each beat is analyzed, the ST deviation data build up is a
representation of the patient’s cardiovascular condition. It is
also envisioned that a special cardiotracker data collection
mode where every beat is analyzed could be enabled to
collect more data during such a stress test. If every beat is
too high a burden on the cardiotracker processor, then the
cardiotracker might process a higher percentage of beats
than during standard cardiotracker operation.

[0177] The actual turnover time for automated clearing of
the oldest histograms at the end of each data collection time
period would be programmable (e.g., midnight of the
patient’s time zone for a one day data collection time
period). If the manual clearing function is used, it is envi-
sioned that the current section of histogram memory would
still be used until the next turnover time.

[0178] FIG. 6A is an example of a histogram set 600
consisting of five histograms 601 through 605 inclusive
representing an example of a programmer display screen of
a single section of histogram data memory 43 of FIG. 3 for
a single data collection time period (viz., one day). In FIG.
6A, the horizontal scale is the ST deviation (i.e., ST segment
voltage minus PQ segment voltage) as a percent of the R
height, Vpor (519) of FIG. 4. Also in FIG. 6A, the vertical
scale of each histogram 601 through 605 is the number of
beats in the data collection time period (viz., one day) where
the ST deviation was in one of the ranges listed on the
horizontal scale of the histogram. Each of the five histo-
grams 601 through 605 represents all the beats processed
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(during the data collection time period of one day) that had
R—R intervals corresponding to the heart rate range for that
histogram. It is envisioned that the heart rate (or R—R
interval) ranges for each histogram 601 through 605 may be
either permanently set or programmable using the physi-
cian’s programmer 68 of FIG. 1. In the histograms 601
through 605 each bin represents a range of ST deviation
expressed as a percentage of the R height, Vo (519) as
shown in FIG. 4. Each bin represents the shown value of
-60, =55, =50, . . . +60, in percent of R height plus or minus
2.5%. Therefore, each bin covers a range (i.e., a class
interval) of 5% of the R height 519. The bin showing the
value 5 (i.e., +5%) in histogram 601 would be incremented
by one every time a beat with an R—R interval correspond-
ing to a heart rate of 50 to 80 bpm had an ST deviation
between 2.5% and <7.5% of the R height of that beat. The
next higher bin would be 7.5% to <12.5% of the R height,
and so on. It is also envisioned that instead of using the R
height 519 of each beat as the reference, the average R
height of a multiplicity of beats of a baseline electrogram
segment would be used as a reference.

[0179] Although the heart rate range for histogram 602 in
FIG. 6A is shown as 81 to 100 bpm, the cardiotracker will
classify any beat whose R—R interval corresponds to a heart
rate greater than 80 bpm and less than or equal to 100 bpm
as belonging in this heart rate range. Similarly the heart rate
range labels of 101 to 120 bpm (histogram 603), 121 to 140
bpm (histogram 604) and 141 to 160 bpm (histogram 605)
will include beats with R—R intervals corresponding to
heart rates of >100 to <120 bpm, >120 to <140 bpm and
>140 to <160 bpm. This correspondence is also applied to
the charts in FIGS. 6B, 7A, 7B, 8A and 8B wherever heart
rate ranges are specified.

[0180] The technique of expressing ST deviation as a
percentage of R height 519 compensates for signal level
variations from causes such as long term changes in elec-
trode impedance or changes in the gain of an amplifier. As
an alternative, it is also envisioned that the actual voltage or
signal level or the percentage of a preset maximum signal
level for the ST deviation (e.g., millivolts) could be used as
the range for each bin in the histograms 601 through 605.
For example, the bins in 601 might represent between -60%
to +60% of a maximum signal level of 10 millivolts. Thus
the bin labeled § would be incremented if the ST deviation
was between 2.5% and 7.5% of 10 millivolts (i.., 0.25 to
0.75 millivolts). The technique described here will work
with preset bin ranges. Preferably, this invention envisions
bin ranges that can be set by the physician using the
physician’s programmer 68 of FIG. 1.

[0181] Also shown in FIG. 6A are the median (or average)
values 611 through 615 inclusive of the histograms 601
through 605 respectively. The median value and number of
beats counted in a histogram are useful extracted data that
would typically be saved in the extracted histogram data
memory 439 of FIG. 5. The medians and numbers of beats
can also be used to compute moving averages by either the
cardiotracker 5 or programmer 68 of FIG. 1. It is envisioned
that comparison of the medians and/or the moving averages
to pre-set thresholds can be used to alert the patient to a
significant change in their cardiovascular condition.

[0182] FIG. 6B shows a set of histograms 650 consisting
of the histograms 651, 652 and 653 at three different ranges
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of heart rate (50 to 80, 81 to 100 and 101 to 120 bpm) for
the heart signal parameter QRS voltage calculated as a
percent deviation from the baseline QRS voltage. In FIG.
6B, the horizontal scale represents 41 histogram bins (from
-20% to +20%) with each bin corresponding to the labeled
percent deviation of QRS voltage from the baseline QRS
voltage plus or minus 1%. Also in FIG. 6B, the vertical scale
represents the number of heart beats whose percentage
deviation from the baseline QRS voltage fell within each of
the 41 bins during the data collection time period (e.g., one
day). For example, for the histogram 651, in the bin labeled
“=2” there were 3,000 recorded beats that had a percentage
difference between the measured QRS voltage and the
baseline QRS voltage between -3% and -1%. For example,
if the baseline QRS voltage was 10 millivolts, histogram 651
shows that there were 3,000 beats with measured QRS
voltage between 9.7 and 9.9 millivolts. Similarly, the bin to
the right of the -2% bin of histogram 651 indicates that
approximately 600 beats during the data collection time
period had a QRS voltage within +1% of the baseline QRS
voltage.

[0183] The dashed lines 661, 662 and 663 represent the
average values —-2%, -4% and -8% of the histograms 651,
652 and 653 respectively. The average value dashed lines
661, 662 and 663 represent respectively the median (or
mean) values of the percent QRS voltage deviation for three
different heart rate ranges, namely: 50-80 bpm, >80-100
bpm and >100 to 120 bpm for the histograms 651, 652 and
653. The heart rate ranges can be set and adjusted by the
medical practitioner using the programmer 68 of FIG. 1.

[0184] FIG. 7A is a histogram display 700 that shows five
different heat rate ranges of histograms for three different
days 701, 703 and 707. This representation would typically
be shown as a screen on the physician’s programmer 68 of
FIG. 1. The display 700 of FIG. 7A would allow the
physician to examine trends in the ST deviation vs. heart rate
over time. This example clearly shows in day 7 (chart 707)
that there is a significant change in the distribution of ST
deviation at higher heart rates as compared with days 1 and
3. This would be indicative of a narrowing or partial
occlusion of one or more coronary arteries in the heart.
Although this is a good way to look at changes between two
different time periods, the display of FIG. 8A is a preferred
means to clearly see such changes. It is also envisioned that
instead of the distributions of ST deviation as shown in FIG.
7A, the average or median ST deviations for each heart rate
range could be displayed as a single vertical bar or line.

[0185] FIG. 7B is a histogram display 750 that shows
three different heart rate ranges for three different days 751,
753 and 757. Comparable to FIG. 7A, FIG. 7B shows the
histograms for QRS voltage for a multiplicity of beats
plotted as a percent deviation from the baseline QRS volt-
age.

[0186] FIG. 8A is a graphical representation 800 of the
five day moving average of the average daily ST deviation
for each of five heart rate ranges 801 through 805 inclusive
for a period of 26 weeks (6 months). The display 800 as
shown in FIG. 8A, would be of tremendous value to a
cardiologist in recognizing a gradual but potentially life
threatening change in a patient’s cardiovascular condition.
As a patient with the cardiotracker 5 of FIG. 1 goes about
daily activities their heart rate will go up and down. Each
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beat analyzed by the cardiotracker (typically between 6 and
80 beats in any particular minute) will increment the appro-
priate heart rate range related histogram allowing the car-
diotracker 5 to store the daily distributions of ST deviation
in the five different heart rates. While the cardiotracker 5
may only store the histogram data for a week or two, the
extracted histogram data memory 439 of FIG. 5 could be
used to store extracted histogram data for a much longer
period of time. In fact, the use of extracted histogram data
is an extremely efficient way to track the changes in heart
signal parameters over an extended period of time. For
example storing the average ST deviation and number of
beats in each of five daily histograms (5 heart rate ranges)
requires only 15 bytes per day within the extracted histo-
gram data memory 439. This translates to approximately 450
bytes per month and 5,500 bytes per year. This efficient data
storage can be compared with electrogram data storage
where at 200 samples per second, 30 seconds of electrogram
storage requires 6,000 bytes of data storage.

[0187] The display 800 could result from calculations
made by the programmer 68 of FIG. 1 after downloading six
months worth of daily histograms or extracted histogram
data from the cardiotracker 5. Alternatively, the programmer
68 could combine data downloaded from the cardiotracker §
on multiple occasions. Moving averages could also be
calculated within the cardiotracker 5 or within the program-
mer 68 from the daily average or median value for ST
deviation using the beat count extracted from the histogram
data. Such calculations would not overly tax the power
consumption on the cardiotracker 5 as the calculations
would require at most a few seconds of processor time per
day.

[0188] It is also envisioned that the cardiologist might set
an alarm threshold 820 for any or all heart rate range curves
so that when one or more of the five day moving averages
of ST deviation crosses the limit, the patient would be
alerted. Different thresholds for each heart rate range could
also be implemented. In the example of FIG. 8A, the alarm
threshold 820 for the 121-140 bpm heart rate range 804 was
set to —12% of the R height, and a SEE DOCTOR ALERT
would have been initiated by the cardiotracker 5 two weeks
before the current date. It is envisioned that the programmer
68 would allow the physician to set these detection thresh-
olds. The programmer 68 would also allow the physician to
specify what type of alarm will be generated by the car-
diotracker 5 if the detection threshold is passed, e.g., either
a SEE DOCTOR ALERT or an EMERGENCY ALARM. It
is also envisioned that detection thresholds could be set for
the slope of the curves of FIG. 8A so that significant
downward slope of ST deviation would initiate a patient
alert. Also, it is envisioned that a combination of a specific
value above the threshold 820 when combined with a
specific downward slope could also be used to trigger a SEE
DOCTOR ALERT.

[0189] Instead of using the fixed threshold 820 for trig-
gering a SEE DOCTOR ALERT from the 5 day moving
average of the average ST deviation for each heart rate
range, an adaptive threshold that is based on the difference
between the maximum and minimum of the 5 day moving
average curves exceeding a preset threshold is a preferred
embodiment for the present invention.

[0190] The processing of extracted histogram data would
typically be performed once per day although longer and
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shorter data collection time periods are also envisioned. An
example of the extraction process for average ST deviation
would be as follows:

[0191] 1. Once per data collection time period (c.g.,
once per day), the ST deviation histogram data
collected during the previous data collection time
period is summarized, stored and analyzed. For each
heart rate range, estimates are made of the average
(e.g., mean and/or median) ST deviation, the average
-1 sigma and the average +1 sigma of the ST
deviation.

[0192] 2. Other data, e.g., number of analyzed beats
in each heart rate range and the average 24 hour
baseline signal amplitude (e.g., R height or QRS
voltage) may also be stored as part of the summary
data.

[0193] 3. An N day moving average (N is typically
between 1 and 30) of the daily average (e.g., mean or
median) ST deviation for each heart rate range is
then determined, along with the maximum and mini-
mum values of the N day moving averages for each
heart rate range.

[0194] If the difference between the maximum moving
average and the minimum moving average of the ST devia-
tion for any of the ST deviation moving average curves 801
through 805 exceeds a preset threshold, an ST deviation
histogram trending event for that heart rate range can be
detected. If enabled, a SEE DOCTOR ALERT would then be
triggered.

[0195] The hour at which the daily extraction would occur
is programmable by the doctor so that detection of such a
trending event would trigger the SEE DOCTOR ALERT at
time that is convenient to the patient (c.g., not while he
would be sleeping). Once a SEE DOCTOR ALERT has been
triggered and the patient has had therapy (e.g., a stent or
angioplasty procedure) that relieves the ST depression (or
¢levation) the programmer 68 of FIG. 1 can be used to reset
the start date for future histogram trending analysis so that
the ST shift data that caused the alert in the past is not used
in future analysis. An alternative technique to accomplish
this is to clear all previously stored histogram data from the
cardiotracker memory once the ST shift has been treated.
Therefore any new analysis would not include the data that
caused the histogram trending event. The prior data would
however, remain in the programmer 68 for later review and
tracking of the patient’s history.

[0196] For example, once per day at noon, to avoid
alerting the patient when he might be asleep, the car-
diotracker could calculate the daily average (mean or
median) ST deviation from the histogram for each heart rate
range (¢.g., 601 through 605) of FIG. 6A. The cardiotracker
would then calculate the 5 day moving average that includes
the just calculated daily average ST deviation and the
averages from the four previous days. The cardiotracker
could then identify the maximum and minimum values of
the moving average data for each heart rate range after a start
date set by the programmer 68. If the difference between the
maximum and minimum values exceeds a preset threshold
for any heart rate range, then a histogram trending event is
detected and, if enabled, a SEE DOCTOR ALERT would be
triggered in the implanted cardiotracker 5.



US 2005/0113705 Al

[0197] FIG. 8Billustrates a display 850 on the physician’s
programmer 68 for the median (or mean) value of the
percent deviation of QRS voltage over a six month period
compared to a baseline QRS voltage. The display 850 shows
the percent deviation for QRS voltage for three different
heart rate ranges corresponding to the heart rate ranges
shown for FIGS. 6B and 7B. The three curves, 851, 852 and
853 correspond respectively to the heart rate ranges of 50-80
bpm, 81-100 bpm and 101 to 120 bpm.

[0198] Tt is expected that the display 850 of FIG. 8B
would be of great value to doctors who treat heart transplant
patients. Specifically, it has been shown by Warnecke, et al
that a decrease of 8% in the QRS voltage from a baseline
QRS voltage value from a time when the heart is not being
rejected can indicate rejection of a transplanted heart at an
early enough time to change the patient’s medication to save
that heart. The present “gold standard” for detecting rejec-
tion is a biopsy that (starting two years after implant) is
typically carried out only once each six month time period.
This biopsy is done in a catheterization laboratory and it is
typically difficult for the patient and quite expensive. Also,
if rejection occurs starting at some time between the six
month biopsy procedures, then that early detection of rejec-
tion will not be possible. If however, a patient has an
implanted cardiotracker 5 that has an alarm that is triggered
by the -8% decrease in QRS voltage, then that SEE DOC-
TOR ALERT setting 860 as shown in FIG. 8B will occur
and the heart in that transplant patient can be saved by
appropriate medication therapies. It is envisioned that the
setting of the level 860 for triggering a SEE DOCTOR
ALERT could be between -1% and -20% below the base-
line value of the QRS voltage. Furthermore, one could
combine a negative slope of any of the curves of FIG. 8B
with a higher value for triggering the SEE DOCTOR
ALERT. For example, if a slow descent of the percent
deviation of QRS voltage utilized a -8% drop as the level to
set off the SEE DOCTOR ALERT, it is envisioned that a
level of (let us say) —6% could be used to set off the SEE
DOCTOR ALERT if the downward slope corresponded to
(let us say) a 1% per week decrease in QRS voltage. Thus
the patient would be warned two weeks earlier that he is
going to reach the level of -8% when his doctor would
prescribe a change in the patient’s medication regime.

[0199] While it may be sufficient to detect transplant
rejection when the deviation of average daily QRS voltage
as compared to the baseline QRS voltage exceeds a preset
threshold for a single day, it may be more reliable to require
that the threshold be exceeded for two or more consecutive
days. An example of the extraction process for average
(mean or median) QRS voltage would be as follows:

[0200] 1. Once per data collection time period (e.g.,
once per day), the QRS voltage data collected during
the previous data collection time period is summa-
rized, stored and analyzed. For each heart rate range,
calculations are made of the average (e.g., mean
and/or median) QRS voltage and the average -1
sigma and average +1 sigma deviations of the QRS
voltage.

[0201] 2. Other data, e.g., number of analyzed beats
in each heart rate range baseline R height for the past
24 hours could also be stored as part of the summary
data.
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[0202] If the average QRS voltage has declined more than
a preset percentage of the baseline QRS voltage, a transplant
rejection event for that heart rate range will be detected. If
enabled, a SEE DOCTOR ALERT would then be triggered.
The baseline QRS voltage is an average QRS voltage
captured at an earlier time when the transplanted heart was
not experiencing rejection. It is also envisioned that to
reduce the possibility of a false positive detection, a SEE
DOCTOR ALERT would only be triggered after a specified
number of successive transplant rejection events. For
example, it might require two or three successive transplant
rejection events to trigger the alert.

[0203] The hour at which the daily extraction of collected
data would occur is programmable by the doctor so that
detection of such an event would trigger the SEE DOCTOR
ALERT at a time that is convenient to the patient (e.g., not
while the patient would be sleeping). Once a SEE DOCTOR
ALERT has been triggered and the patient has had therapy
(e.g., an increase in cyclosporine) that reverses the rejection
episode, the programmer 68 of FIG. 1 can be used to reset
the baseline QRS voltage so that the data that caused the
alert 1s in the past and is not used in future analysis.

[0204] For example, once per day at noon, the car-
diotracker will calculate the daily average (mean or median)
QRS voltage from the histogram for each heart rate range
(e.g., the heart rate ranges 651 through 653 of FIG. 6B). If
the difference between the recently calculated average QRS
voltage and the baseline QRS voltage exceeds a preset
threshold 860 for any heart rate range, then a transplant
rejection event is detected and if enabled, a SEE DOCTOR
ALERT (or possibly an EMERGENCY ALARM) is trig-
gered.

[0205] Although a decline in the average QRS voltage is
cited here as a known means for early detection of rejection
for a transplanted heart, it is also envisioned that some other
heart signal parameter may be equally or better suited for
that purpose. Specifically, ST deviation or ST shift, R wave
slope, QRS complex width or another heart signal parameter
could be used for the early detection of rejection of a
transplanted heart. Furthermore, it is envisioned to place an
accelerometer onto the end of an epicardial or endocardial
lead, which end is firmly attached to the heart muscle, to
detect a change in heart wall motion that could be indicative
of carly rejection. The combination of a means to measure
heart wall motion with a second means to detect a change in
a heart signal parameter is also envisioned as a means for
early detection of the rejection of a transplanted heart.

[0206] Although ST deviation and QRS voltage have been
the primary examples used here for histogram data collected
based on a patient’s heart rate, it is envisioned that any other
heart signal parameter measured or calculated can be use-
fully used with this histogram methodology. Examples of
such parameters include QRS or RS complex width, ST shift
(ST deviation compared to a baseline ST deviation), R wave
width, T wave shape, T wave alternans, changes in R—R
interval variability and number of overly long R—R inter-
vals. These parameters may be monitored independent of the
patient’s heart rate, or separate histograms could be used for
each of multiple heart rate ranges.

[0207] Although the present invention has described the
use of histogram memory for cardiovascular electrical sig-
nals, these techniques are also applicable for electrical
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signals collected using electrodes from other portions of the
human body. Such electrical signals include signals from the
human brain, gastrointestinal tract, the liver, the pancreas
and musculature. Any of these organs may (for example)
have a change in their electrical signal that might indicate an
early stage of rejection. Furthermore, although only electro-
gram related histograms have been described herein, it
should be understood that other measurements including
measurements by heart motion sensors, temperatures at
certain places in the body and devices to measure pressure
and/or pO, may be used to generate histograms of cardio-
vascular condition of the patient.

[0208] It is also envisioned that all of the processing
techniques described herein for an implantable cardiotracker
are applicable to a tracker system configuration using skin
surface electrodes and a non-implanted cardiotracker. For
systems that were totally external to the patient, the term
“electrogram” would be replaced by the term “electrocar-
diogram”. Thus the cardiotracker device described in FIGS.
1 through 3 inclusive would also function as a monitoring
device that is completely external to the patient.

[0209] Itisimportant to note that many of the functions of
the tracker system as described herein that are program-
mable by a medical practitioner could be preset in manu-
facture to typical settings that are useful for most patients.
Thus the doctor could use this default mode instead of trying
to set particular alarm parameters for a particular patient.
Furthermore, the physician’s programmer 68 could have a
default mode to restore all the settings of either or both the
cardiotracker 5 and external alarm system 60 to values that
are recommended by the manufacturer. There may also be
separate default settings for men and woman and others that
would be related to a specific medical problem that the
patient has.

[0210] Although the histogram technique is a preferred
embodiment of the present invention as it greatly reduces the
amount of memory needed to store the values of a heart
signal parameter for each beat analyzed during a data
collection time period, it is also envisioned that the each
measured or calculated value of one or more heart signal
parameters could be directly stored in memory. For example,
the value of ST deviation would be measured for each beat
during a one hour data collection time period (e.g., during a
stress test). These values would all be stored in memory and
at the end of the data collection time period, the average ST
deviation for each heart rate range could be calculated from
the stored values. This technique would be of greatest value
where the data collection time period is shorter than a day.

[0211] Various other modifications, adaptations, and alter-
native designs are of course possible in light of the above
teachings. Therefore, it should be understood at this time
that, within the scope of the appended claims, the invention
can be practiced otherwise than as specifically described
herein.

What is claimed is:

1. An implantable cardiotracker for tracking the cardio-
vascular condition of a human patient, the cardiotracker
including:

at least two implanted electrodes that are positioned
within the human patient to sense the electrical signal
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from the patient’s heart, the electrical signal being an
electrogram which consists of a multiplicity of beats;

a processor to compute the value of at least one heart
signal parameter for every beat of at least a portion of
the multiplicity of beats of the electrogram; and

digital memory designed to store the computed values of
the at least one heart signal parameter during a preset
time period which is the data collection time period.

2. The implanted cardiotracker of claim 1 where the at
least one heart signal parameter that is stored in memory is
the value of the ST segment voltage.

3. The implanted cardiotracker of claim 1 where the at
least one heart signal parameter that is stored in memory is
the value of the ST segment voltage minus the PQ segment
voltage which is the ST deviation.

4. The implanted cardiotracker of claim 1 where the at
least one heart signal parameter that is stored in memory is
the value of the ST shift which is defined as the ST deviation
for a specific beat in a recent time period minus a baseline
ST deviation recorded at some prior time.

5. The implanted cardiotracker of claim 1 where the at
least one heart signal parameter that is stored in memory is
the value of the QRS voltage.

6. The implanted cardiotracker of claim 5 where the QRS
voltage is the maximum peak-to-peak QRS complex voltage
for a specific beat.

7. The implanted cardiotracker of claim 1 where the at
least one heart signal parameter that is stored in memory is
the QRS shift which is the difference between the average
QRS voltage in a recent data collection time period minus a
baseline QRS voltage taken at some prior data collection
time period, the baseline QRS voltage being the average
QRS voltage during the prior data collection time period.

8. The implanted cardiotracker of claim 7 where the prior
data collection time period when the baseline QRS voltage
was measured is at a time when a heart transplant patient
was not rejecting the heart that was surgically placed into his
body.

9. The implanted cardiotracker of claim 1 where the at
least one heart signal parameter that is stored in memory is
the value of the R—R interval.

10. The implanted cardiotracker of claim 1 where the at
least one heart signal parameter that is stored in memory is
the QRS complex width.

11. The implanted cardiotracker of claim 10 further
including a counter which stores the number of times that the
width of the QRS complex exceeded a preset value during
the data collection time period.

12. The implanted cardiotracker of claim 11 where the
preset value of the width of the QRS complex is at least 150
milliseconds.

13. The implanted cardiotracker of claim 1 where the
number of the premature atrial contractions (PACs) that have
occurred in the electrogram within the data collection time
period is stored in memory.

14. The implanted cardiotracker of claim 1 where the
number of the premature ventricular contractions (PVCs)
that have occurred in the electrogram within the data col-
lection time period is stored in memory.

15. The implanted cardiotracker of claim 1 where the at
least one heart signal parameter that is stored in memory is
the peak value of the T wave voltage.
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16. The implanted cardiotracker of claim 1 where the
number of T wave alternans occurring in the electrogram
within the data collection time period is stored in memory.

17. The implanted cardiotracker of claim 1 where the data
collection time period is approximately one day.

18. The implanted cardiotracker of claim 1 where the data
collection time period is less than one day.

19. The implanted cardiotracker of claim 1 where the data
collection time period is selected from the group consisting
of one segment of the electrogram, approximately one
minute, approximately one hour, approximately one day,
approximately two days, approximately one week, approxi-
mately one month and approximately one year.

20. The implanted cardiotracker of claim 1 where the
processor also computes and places into the digital memory
the average of the stored values of the at least one heart
signal parameter for the data collection time period.

21. The implanted cardiotracker of claim 20 where the
average value is the mean value.

22. The implanted cardiotracker of claim 20 where the
average value is the median value.

23. The implanted cardiotracker of claim 20 where the at
least one heart signal parameter is stored in memory for at
least two data collection time periods.

24. The implanted cardiotracker of claim 23 where one of
the at least two data collection time periods is designated as
a baseline time period and the average value of the heart
signal parameter for the baseline time period is the average
baseline value of that heart signal parameter during that
baseline time period.

25. The implanted cardiotracker of claim 24 further
including an alarm signal generator designed to generate an
internal alarm signal when the average value of a heart
signal parameter for a recent data collection time period
exceeds the average baseline value of that heart signal
parameter by an amount that is greater than a preset thresh-
old value.

26. The implanted cardiotracker of claim 25 where the
cardiotracker has the capability to generate at least two
different types of internal alarm signals.

27. The implanted cardiotracker of claim 25 where the
internal alarm signal that is generated by the cardiotracker is
a SEE DOCTOR ALERT that indicates to the human patient
that he or she should seek medical attention on a non-
emergency basis.

28. The implanted cardiotracker of claim 25 where the
internal alarm signal that is generated by the cardiotracker is
an EMERGENCY ALARM that indicates to the human
patient that he or she should seek immediate medical atten-
tion.

29. The implanted cardiotracker of 25 where the internal
alarm signal is selected from the group consisting of a
vibratory alarm signal, an electrical stimulation alarm signal
or an audio alarm signal.

30. The implanted cardiotracker of claim 1 further includ-
ing external equipment designed to provide two-way wire-
less communication with the implanted cardiotracker.

31. The implanted cardiotracker of claim 30 where the
external equipment includes an external alarm system that is
designed to provide an alarm signal that is an external alarm
signal.

32. The implanted cardiotracker of claim 31 where the
external alarm system includes means to manually turn off
the external alarm signal.
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33. The implanted cardiotracker of claim 31 where the
external alarm system includes means to manually turn off
the internal alarm signal generated by the cardiotracker.

34. The implanted cardiotracker of claim 31 where the
external alarm system includes means to manually turn off
both the internal alarm signal generated by the cardiotracker
and the external alarm signal generated by the external alarm
system.

35. The implanted cardiotracker of claim 1 further includ-
ing external equipment having the capability to display data
stored within the digital memory of the implanted car-
diotracker.

36. The implanted cardiotracker of claim 35 where the
external equipment includes a physician’s programmer
designed to program specific operating parameters of the
implanted cardiotracker.

37. The implanted cardiotracker of claim 35 where the
data displayed includes the values of the at least one heart
signal parameter stored during at least one data collection
time period.

38. The implanted cardiotracker of claim 35 where the
data displayed is extracted data including the average value
of the at least one heart signal parameter computed for at
least one data collection time period.

39. The implanted cardiotracker of claim 38 where the
external equipment has the capability to display the average
values of the at least one heart signal parameter over an
extracted data retention time period.

40. The implanted cardiotracker of claim 39 where
extracted data retention time period is at least one month.

41. The implanted cardiotracker of claim 39 where
extracted data retention time period is at least six months.

42. The implanted cardiotracker of claim 38 where the
extracted data is selected from the group consisting of the
average ST segment voltage, the average ST deviation, the
average ST shift, the average QRS voltage and the average
QRS shift.

43. The implanted cardiotracker of claim 1 where the
digital memory includes sufficient capacity to retain the
values of the at least one heart signal for a multiplicity of
data collection time periods, the multiplicity of data collec-
tion time periods being a collected data retention time
period.

44. The implanted cardiotracker of claim 43 where the
collected data retention time period is at least one week.

45. The implanted cardiotracker of claim 1 where the
computed values of the at least one heart signal parameter
are stored in the digital memory in a histogram format.

46. The implanted cardiotracker of claim 45 where the
computed values of the at least one heart signal parameter
are stored in at least one histogram, the at least one histo-
gram having a multiplicity of bins, each bin corresponding
to a different range of the at least one heart signal parameter.

47. The implanted cardiotracker of claim 46 where the
processor computes the values of two heart signal param-
eters which are a first heart signal parameter and a second
heart signal parameter.

48. The implanted cardiosaver of claim 47 further includ-
ing a set of histograms where each histogram in the set
corresponds to a different range of the first heart signal
parameter and the bins in each histogram correspond to a
range of the second heart signal parameter.

49. The implanted cardiotracker of claim 45 where the
processor computes and places into the digital memory the
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average value of the at least one heart signal parameter
stored in the histogram format for the entire data collection
time period.

50. The implanted cardiotracker of claim 49 where the
average value of the at least one heart signal parameter is
extracted histogram data which is retained in the digital
memory for the extracted data retention time period.

51. A method for early detection of rejection of a trans-
planted human heart in a human patient, the method com-
prising the steps of:

a. implanting into the human patient a cardiotracker
designed to calculate and retain in memory the average
value of at least one heart signal parameter of the
patient’s electrogram for each of a multiplicity of data
collection time periods;

b. transferring the average values of the at least one heart
signal parameter in each data collection time period to
a physician’s programmer and creating a display on the
physician’s programmer that shows a time history of
the average values of the at least one heart signal
parameter for the multiplicity of data collection time
periods; and

c. adjusting the administration of anti-rejection medica-
tions to reverse transplant rejection if the time history
of the average values of the at least one heart signal
parameter indicates the presence of transplant rejection.

52. A method for early detection of rejection of a trans-

planted human heart, the method comprising the steps of:

a. implanting a cardiotracker designed to calculate and
retain in memory the average QRS voltage for each of
a multiplicity of data collection time periods;

b. transferring the average QRS voltage for each data
collection time period to a physician’s programmer and
creating a display on the physician’s programmer that
shows a time history of the average QRS voltage over
the multiplicity of data collection time periods; and

c. adjusting the administration of anti-rejection medica-
tions to reverse transplant rejection if the time history
of average QRS voltage indicates the presence of
transplant rejection.

53. A method for monitoring the progression of athero-

sclerosis in a coronary artery or bypass graft of a human
subject, the method comprising the steps of:

a. implanting a cardiotracker designed to calculate and
retain in memory the average value of at least one ST
segment related heart signal parameter for each of a
multiplicity of data collection time periods, the ST
segment related heart signal parameter being any one of
the ST segment voltage, the ST deviation or the ST
shift; and

b. transferring the average values of the at least one ST
segment related heart signal parameter to a physician’s
programmer designed to display a time history of the
average values of the at least one ST segment related
heart signal parameter over the multiplicity of data
collection time intervals.

54. A method for detecting a significant change in the

cardiovascular condition of a human subject, the method
comprising the steps of:
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a. implanting into the human subject a cardiotracker
designed to calculate and retain in memory the average
value of at least one heart signal parameter for each of
a multiplicity of data collection time periods, the car-
diotracker having an alarm means;

b. following each calculation of the average value of at
least one heart signal parameter, having the car-
diotracker decide if the average value just calculated is
indicative of a significant change in the human sub-
ject’s cardiovascular condition; and

c. alerting the patient via the cardiotracker’s alarm means
that a significant change in cardiovascular condition
has been detected.

55. Asystem for tracking the cardiovascular condition of

a human patient the system including:

at least two implanted electrodes that are positioned
within the human patient to sense the electrical signal
from the patient’s heart, the electrical signal being an
electrogram which consists of a multiplicity of beats;

a histogram memory including memory capacity for at
least one histogram, the histogram including at least
two bins, each bin being a counter; and

a processor to compute the value of at least one heart
signal parameter for at least a portion of the multiplicity
of beats of the electrogram data, each beat of the
portion of the multiplicity of beats that is processed
being a processed beat, the processor also being
designed to increment one of the at least two bins of the
at least one histogram where the choice of bin to be
incremented is dependent on the value of the at least
one heart signal parameter whose value is computed by
the processor.

56. The system of claim 55 where the histogram memory
includes at least two sections, each section including at least
one histogram.

57. The system of claim 56 where one of the at least two
sections is the current section, the current section having at
least one histogram that is incremented for a defined period
of time which is a data collection time period.

58. The system of claim 56 where at least one of the at
least two sections was the current section during a prior data
collection time period.

59. The system of claim 56 where the histogram memory
has at least seven sections.

60. The system of claim 55 where the histogram memory
includes at least two histograms each histogram including at
least two bins and the processor computes the values of at
least two heart signal parameters which are a first heart
signal parameter and a second heart signal parameter, the
processor also being designed to select one of the at least
two histograms based on the value of the first heart signal
parameter, that histogram being the selected histogram the
choice of bin to be incremented within the selected histo-
gram being dependent on the value of the second heart signal
parameter.

61. The system of claim 60 where the first heart signal
parameter is R—R interval and the second heart signal
parameter is ST deviation.

62. The system of claim 60 where the first heart signal
parameter is heart rate and the second heart signal parameter
is ST deviation.
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63. The system of claim 55 where the electrodes are
implanted under the skin of the human patient.

64. The system of claim 63 where one of the electrodes is
placed under the skin of the human patient in the vicinity of
the upper chest.

65. The system of claim 55 where the electrodes are
placed within the heart of the human patient.

66. The system of claim 65 where at least one of the
electrodes is placed within the right ventricle of the patient’s
heart.

67. The system of claim 55 where at least one of the heart
signal parameter is the average amplitude of a sub-segment
of each processed beat of the electrogram data.

68. The system of claim 67 where the sub-segment is the
ST segment.

69. The system of claim 55 where at least one of the heart
signal parameters is the ST deviation.

70. The system of claim 55 where at least one of the heart
signal parameters is the QRS voltage.

71. The system of claim 70 where the QRS voltage is the
peak-to-peak voltage of the QRS complex.

72. The system of claim 55 where at least one of the heart
signal parameters is the width of at least one sub-segment of
the processed beats of the electrogram data.

73. The system of claim 72 where the sub-segment is the
QRS complex.

74. The system of claim 55 where at least one of the heart
signal parameters is the R—R interval of the processed beats
of the electrogram data.

75. The system of claim 55 where at least one of the heart
signal parameters is the R—R interval variability of the
processed beats of the electrogram data.

76. The system of claim 55 where the processed beats
comprise less than half of all beats during any data collection
time period.

77. The system of claim 55 where the processed beats
comprise less than 10% of all beats during any data collec-
tion time period.

78. The system of claim 55 where each histogram is
incremented by the processor for a preset data collection
time period.

79. The system of claim 78 where the data collection time
period is approximately one day.

80. The system of claim 78 where the data stored in each
histogram is retained in memory for a data retention time
period which follows the data collection time period during
which data collection time period the bins of the histogram
are incremented.

81. The system of claim 80 where the data retention time
period is at least one week.

82. The system of claim 55 further including an extracted
histogram data memory containing extracted histogram data
resulting from computations periodically performed by the
processor on the values stored in the at least one histogram.

83. The system of claim 82 where the extracted histogram
data includes the median value of at least one of the heart
signal parameters stored in the at least one histogram.

84. The system of claim 82 where the extracted histogram
data includes the mean value of the values of the at least one
heart signal parameter stored in the at least one histogram.

85. The system of claim 82 where the system further
includes the means to compute a moving average of two or
more values of extracted histogram data.
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86. The system of claim 55 where the system further
includes means to compare the extracted histogram data
with a preset threshold.

87. The system of claim 86 where the system further
includes alarm means to alert the patient when the preset
threshold is exceeded.

88. The system of claim 82 where the extracted histogram
data is retained in the extracted histogram data memory for
a preset extracted data retention time period.

89. The system of claim 88 where the extracted data
retention time period is greater than 30 days.

90. The system of claim 88 where the extracted data
retention time period is at least six months.

91. A system for diagnosing the cardiovascular condition
of a human patient the system including:

at least two implanted electrodes that are positioned
within of the human patient to sense the electrical
signal from the patient’s heart, the electrical signal
being an electrogram which consists of a multiplicity of
beats;

a processor designed to process the electrical signal
sensed by the at least two electrodes, the processing
being designed to periodically calculate the values of at
least one heart signal parameter, the processor further
being designed to identify a change in the at least one
heart signal parameter that is indicative of a cardiac
event; and

digital memory designed to store the values of the at least
one heart signal parameter during a pre-specified time
period which is a data collection time period.

92. The system of claim 91 where the cardiac event is an
acute myocardial infarction.

93. The system of claim 91 where the cardiac event is
coronary ischemia.

94. The system of claim 91 where the cardiac event is an
arrhythmia.

95. The system of claim 94 where the arrhythmia is
tachycardia.

96. The system of claim 94 where the arrhythmia is atrial
fibrillation.

97. The system of claim 94 where the arrhythmia is
premature ventricular contractions (PVCs).

98. The system of claim 91 where the cardiac event is
rejection of a transplanted heart.

99. The system of claim 91 where the data collection time
interval is approximately one day.

100. The system of claim 91 where the values of the at
least one heart signal parameter are retained in the digital
memory for a preset time period which is a data retention
time period.

101. An implantable cardiac pacemaker for a human
patient, the pacemaker including:

a pacemaker lead implanted into the heart of the human
patient, the pacemaker lead being designed to sense the
electrical signal from the patient’s heart, the electrical
signal being an electrogram which consists of a mul-
tiplicity of beats;

pacemaker circuitry connected to the pacemaker lead, the
pacemaker circuitry designed to pace the heart of a
human patient,
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a processor to compute the value of at least one heart
signal parameter for each of the multiplicity of beats of
the electrogram; and

digital memory designed to store the computed values of
the at least one heart signal parameter during a pre-
specified time period which is a data collection time
period.
102. An implantable defibrillator for a human patient, the
defibrillator including:

a lead implanted into the heart of the human patient, the
lead being designed to sense the electrical signal from
the patient’s heart, the electrical signal being an elec-
trogram which consists of a multiplicity of beats;

defibrillator circuitry connected to the lead, the defibril-
lator circuitry designed to defibrillate the heart of a
human patient after the occurrence of ventricular fibril-
lation,

a processor to compute the value of at least one heart
signal parameter for each of the multiplicity of beats of
the electrogram; and

digital memory designed to store the computed values of
the at least one heart signal parameter during a pre-
specified time period which is a data collection time
period.
103. An implantable cardiotracker for providing early
warning of rejection of a heart transplant in a human heart
transplant patient, the cardiotracker including:

at least two implanted electrodes that are positioned
within the human patient to sense the electrical signal
from the patient’s heart, the electrical signal being an
electrogram which consists of a multiplicity of beats;

a processor to compute and place into a digital memory
the average QRS voltage for the multiplicity of beats of
the electrogram for a first and a second data collection
time period, the first data collection time period being
a baseline data collection time period when the patient
is not experiencing rejection of the transplanted heart
and the second data collection time period being some
later time period when the patient is starting to reject
the transplanted heart.
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104. The implantable cardiotracker of claim 103 further
including an internal alarm system which is triggered when
the average QRS voltage during the second data collection
time period exceeds the baseline average QRS voltage by an
amount that exceeds a preset threshold level that is set into
the implanted cardiotracker.

105. The implantable cardiotracker of claim 103 further
including an external alarm system which is triggered when
the average QRS voltage during the second data collection
time period exceeds the baseline average QRS voltage by an
amount that exceeds a preset threshold level that is set into
the implanted cardiotracker.

106. An implantable cardiotracker for tracking the level of
coronary ischemia of a human patient, the cardiotracker
including:

at least two implanted electrodes that are positioned
within the human patient to sense the electrical signal
from the patient’s heart, the electrical signal being an
electrogram which consists of a multiplicity of beats;

a processor to compute and place into a digital memory
the average value of the ST deviation for the multi-
plicity of beats of the electrogram for a first and a
second data collection time period, the first data col-
lection time period being a baseline data collection time
period when the patient is not experiencing coronary
ischemia and the second data collection time period
being some later time period when the patient is
experiencing coronary ischemia.

107. The implantable cardiotracker of claim 106 further
including an internal alarm system which is triggered when
the average value of the ST deviation during the second data
collection time period exceeds the baseline average ST
deviation by an amount that exceeds a preset threshold level
that is set into the implanted cardiotracker.

108. The implantable cardiotracker of claim 106 further
including an external alarm system which is triggered when
the average value of the ST deviation during the second data
collection time period exceeds the baseline average ST
deviation by an amount that exceeds a preset threshold level
that is set into the implanted cardiotracker.
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