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A cardiac event can then be identified by comparing at
least one heart signal parameter in the signal segment
to at least one reference parameter.
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Description
FIELD OF USE

[0001] This inventionis in the field of systems, includ-
ing devices implanted within a human patient, for the
purpose of automatically detecting the onset of a cardiac
event.

BACKGROUND OF THE INVENTION

[0002] 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 thrombus that obstructs blood flow in one or more cor-
onary arteries. AMI is a common and life-threatening
complication of coronary heart disease. The sooner that
perfusion of the myocardium is restored (e.g., with in-
jection of a thrombolytic medication such as tissue plas-
minogen activator (tPA)), the better the prognosis and
survival of the patient from the heart attack. The extent
of damage to the myocardium is strongly dependent up-
on the length of time prior to restoration of blood flow to
the heart muscle.

[0003] Myocardial ischemia is caused by a temporary
imbalance of blood (oxygen) supply and demand in the
heart muscle. Itis typically provoked by physical activity
or other causes of increased heart rate when one or
more of the coronary arteries are obstructed by athero-
sclerosis. Patients will often (but not always) experience
chest discomfort (angina) when the heart muscle is ex-
periencing ischemia.

[0004] Acute myocardial infarction and ischemia may
be detected from a patient's electrocardiogram (ECG)
by noting an ST segment shift (i.e., voltage change) over
a relatively short (less than 5 minutes) period of time.
However, without knowing the patient's normal ECG
pattern detection from standard 12 lead ECG can be un-
reliable. In addition, ideal placement of subcutaneous
electrodes for detection of ST segment shifts as they
would relate to a subcutaneously implanted device has
not been explored in the prior art.

Fischell et al in U.S. Patents 6,112,116 and 6,272,379
describe implantable systems for detecting the onset of
acute myocardial infarction and providing both treat-
ment and alarming to the patient. While Fischell et al
discuss the detection of a shiftin the S-T 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 detection algorithms to reduce the
probability of false positive and false negative detection.
In addition while these patents describe some desirable
aspects of programming such systems, it may be desir-
able to provide additional programmability and alarm
control features.

[0005] Although anti-tachycardia pacemakers and
Implantable Cardiac Defibrillators (ICDs) can detect
heart arrhythmias, none are currently designed to detect
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ischemia and acute myocardial infarction events inde-
pendently or in conjunction with arrhythmias.

[0006] In U.S. Patent Nos. 6,112,116 and 6,272,379
Fischell et al, discuss the storage of recorded electro-
gram and/or electrocardiogram data; however tech-
niques to optimally store the appropriate electrogram
and/or electrocardiogram data and other appropriate
data in a limited amount of system memory are not de-
tailed.

[0007] InU.S. Patent No. 5,497,780 by M. Zehender,
a device is described that has a "goal of eliminating ...
cardiac rhythm abnormality." To do this, Zehender re-
quires exactly two electrodes placed within the heart
and exactly one electrode placed outside the heart. Al-
though multiple electrodes could be used, the most
practical sensor for providing an electrogram to detect
a heart attack would use a single electrode placed within
or near to the heart.

[0008] Zehender's drawing of the algorithm consists
of a single box labeled ST SIGNAL ANALYSIS with no
details of what the analysis comprises. His only descrip-
tion of his detection algorithm is to use a comparison of
the ECG to a reference signal of a normal ECG curve.
Zehender does not discuss any details to teach an al-
gorithm by which such a comparison can be made, nor
does Zehender explain how one identifies the "normal
ECG curve". Each patient will likely have a different "nor-
mal" baseline ECG that will be an essential part of any
system or algorithm for detection of a heart attack or
ischemia.

[0009] In addition, Zehender suggests that an ST sig-
nal analysis should be carried out every three minutes.
It may be desirable to use both longer and shorter time
intervals than 3 minutes so as to capture certain chang-
es in ECG that are seen early on or later on in the evo-
lution of an acute myocardial infarction. Longer obser-
vation periods will also be important to account for minor
slowly evolving changes in the "baseline" ECG. Ze-
hender has no mention of detection of ischemia having
different normal curves based on heart rate. To differen-
tiate from exercise induced ischemia and acute myocar-
dial infarction, it may be important to correlate ST seg-
ment shifts with heart rate or R-R interval.

[0010] Finally, Zehender teaches that "if an insuffi-
cient blood supply in comparison to the reference signal
occurs, the corresponding abnormal ST segments can
be stored in the memory in digital form or as a numerical
event in order to be available for associated telemetry
at any time." Storing only abnormal ECG segments may
miss important changes in baseline ECG. Thus it is de-
sirable to store some historical ECG segments in mem-
ory even if they are not "abnormal".

[0011] The Reveal™ subcutaneous loop Holter mon-
itor sold by Medtronic uses two case electrodes spaced
by about 3 inches to record electrocardiogram informa-
tion looking for arrhythmias. It has no real capability to
detect ST segment shift and its high pass filtering would
in fact preclude accurate detection of changes in the low
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frequency aspects of the heart's electrical signal. Also
the spacing of the electrodes it too close together to be
able to effectively detect and record ST segment shifts.
Similarly, current external Holter monitors are primarily
designed for capturing arrhythmia related signals from
the heart.

[0012] Although often described as an electrocardio-
gram (ECQ), the stored electrical signal from the heart
as measured from electrodes within the body should be
termed an "electrogram". The early detection of an
acute myocardial infarction or exercise induced myocar-
dial ischemia caused by an increased heart rate or ex-
ertion is feasible using a system that notes a change in
a patient's electrogram. The portion of such a system
that includes the means to detect a cardiac event is de-
fined herein as a "cardiosaver" and the entire system
including the cardiosaver and the external portions of
the system is defined herein as a "guardian system."
[0013] Furthermore, although the masculine pro-
nouns "he" and "his" are used herein, it should be un-
derstood that the patient or the medical practitioner who
treats the patient could be a man or a woman. Still fur-
ther the term; "medical practitioner" shall be used herein
to mean any person who might be involved in the med-
ical 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 cardi-
ologist), a medical technician, a paramedic, a nurse or
an electrogram analyst. A "cardiac event" includes an
acute myocardial infarction, ischemia caused by effort
(such as exercise) and/or an elevated heart rate, brady-
cardia, tachycardia or an arrhythmia such as atrial fibril-
lation, atrial flutter, ventricular fibrillation, and premature
ventricular or atrial contractions (PVCs or PACs).
[0014] For the purposes of this specification, the
terms "detection" and "identification" of a cardiac event
have the same meaning.

[0015] For the purpose of this invention, the term
"electrocardiogram” is defined to be the heart electrical
signals from one or more skin surface electrode(s) that
are placed in a position to indicate the heart's electrical
activity (depolarization and repolarization). An electro-
cardiogram segment refers to the recording of electro-
cardiogram 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 electrocardiogram is the typ-
ically flat segment of a beat of an electrocardiogram that
occurs just before the R wave.

[0016] For the purpose of this invention, the term
"electrogram" is defined to be the heart electrical signals
from one or more implanted electrode(s) that are placed
in a position to indicate the heart's electrical activity (de-
polarization and repolarization). An electrogram seg-
ment refers to the recording of electrogram data for ei-
ther 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
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patient's electrogram is the typically flat segment of an
electrogram that occurs just before the R wave. For the
purposes of this specification, the terms "detection" and
"identification" of a cardiac event have the same mean-
ing. A beat is defined as a sub-segment of an electro-
gram or electrocardiogram segment containing exactly
one R wave.

[0017] Heart signal parameters are defined to be any
measured or calculated value created during the
processing of one or more beats of electrogram data.
Heart signal parameters include PQ segment average
value, ST segment average value, R wave peak value,
ST deviation, ST shift, average signal strength, T wave
peak height, T wave average value, T wave deviation,
heart rate and R-R interval.

SUMMARY OF THE INVENTION

[0018] The present invention is a system for the de-
tection of cardiac events (a guardian system) that in-
cludes a device called a cardiosaver, a physician's pro-
grammer and an external alarm system. The present in-
vention envisions a system for early detection of an
acute myocardial infarction or exercise induced myocar-
dial ischemia caused by an increased heart rate or ex-
ertion.

[0019] In one embodiment of the present invention
described hereinafter as "the first embodiment", the car-
diosaver is implanted along with the electrodes. In an
alternate embodiment, the cardiosaver and the elec-
trodes could be external but attached to the patient's
body. Although the following descriptions of the present
invention in most cases refer to the first embodiment of
an implanted cardiosaver processing electrogram data
from implanted electrodes, the techniques described
are equally applicable to the alternate embodiment
where the external cardiosaver processes electrocardi-
ogram data from skin surface electrodes.

[0020] In the first embodiment of the cardiosaver ei-
ther or both subcutaneous electrodes or electrodes lo-
cated on a pacemaker type right ventricular or atrial
leads will be used. It is also envisioned that one or more
electrodes may be placed within the superior vena cava.
One version of the implanted cardiosaver device using
subcutaneous electrodes would have an electrode lo-
cated under the skin on the patient's left side. This could
be located between 2 and 20 inches below the patient's
left arm pit. The cardiosaver case that would act as the
indifferent electrode would typically be implanted like a
pacemaker under the skin on the left side of the patient's
chest.

[0021] Using one or more detection algorithms, the
cardiosaver can detect a change in the patient's elec-
trogram 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
eventis occurring. To provide this warning, the guardian
system can include an internal alarm sub-system (inter-
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nal alarm means) within the cardiosaver and/or an ex-
ternal alarm system (external alarm means). In the first
implanted embodiment, the cardiosaver can, for exam-
ple, communicate with the external alarm system using
a wireless radio-frequency (RF) signal.

[0022] The internal alarm means can generate an in-
ternal alarm signal to warn the patient. The internal
alarm signal may be a mechanical vibration, a sound or
a subcutaneous electrical tickle. The external alarm sys-
tem (external alarm means) can generate an external
alarm signal to warn the patient. The external alarm sig-
nal is typically a sound that can be used alone or in com-
bination with the internal alarm signal. The internal or
external alarm signals would be used to alert the patient
to at least two different types of conditions: a major event
alarm signaling the detection of a major cardiac event
(e.g. a heart attack) and the need for immediate medical
attention, and a less critical "SEE DOCTOR" alarm sig-
naling the detection of a less serious non life threatening
condition such as exercise induced ischemia The SEE
DOCTOR alarm signal would be used to tell the patient
that he is not in immediate danger but should arrange
an appointment with his doctor in the near future. In ad-
dition to the signaling of less critical cardiac events, the
SEE DOCTOR alarm signal could also signal the patient
when the cardiosaver battery is getting low.

[0023] In the first embodiment, in a major event alarm
the internal alarm signal would be applied periodically,
for example, with three pulses every 5 seconds after the
detection of a major cardiac event. It is also envisioned
that the less critical "SEE DOCTOR" alarm, would be
signaled in a different way, such as one pulse every 7
seconds.

[0024] The external alarm system can be a hand-held
portable device that may include any or all the following
features:

1. an external alarm means to generate an external
alarm signal to alert the patient.

2. the capability to receive cardiac event alarm, re-
corded electrogram and other data from the cardi-
osaver

3. the capability to transmit the cardiac event alarm,
recorded electrogram and other data collected by
the cardiosaver to a medical practitioner at a remote
location.

4. an "alarm-off" button that when depressed can
acknowledge that the patient is aware of the alarm
and will turn off internal and external alarm signals.
5. a display (typically an LCD panel) to provide in-
formation and/or instructions to the patient by a text
message and the display of segments of the pa-
tient's electrogram.

6. the ability to provide messages including instruc-
tions to the patient via a pre-recorded human voice.
7. apatientinitiated electrogram capture initiated by
a "Panic Button" to allow the patient, even when
there has been no alarm, to initiate transmission of
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electrogram data from the cardiosaver to the exter-
nal alarm system for transmission to a medical prac-
titioner.

8. a patient initiated electrogram capture to initiate
transmission of electrogram data from the cardi-
osaver to the external alarm system for display to a
medical practitioner using the display on the exter-
nal alarm system.

9. the capability to automatically turn the internal
and external alarms off after a reasonable time pe-
riod that is typically less than 30 minutes if the
alarm-off button is not used.

[0025] Text and/or spoken instructions may include a
message that the patient should promptly take some
predetermined medication such as chewing an aspirin,
placing a nitroglycerine tablet under his tongue, inhaling
or nasal spraying a single or multiple drug combination
and/or injecting thrombolytic drugs into a subcutaneous
drug port. The messaging displayed by or spoken from
the external alarm system and/or a phone call from a
medical practitioner who receives the alarm could also
inform the patient that he should wait for the arrival of
emergency medical services or he should promptly pro-
ceed to an emergency medical facility. It is envisioned
that the external alarm system can have direct connec-
tion to a telephone line and/or work through cell phone
or other wireless networks.

[0026] If a patient seeks care in an emergency room,
the external alarm system could provide a display to the
medical practitioners in the emergency room of both the
electrogram segment that caused the alarm and the
baseline electrogram segment against which the elec-
trogram that caused the alarm was compared. The abil-
ity to display both baseline and alarm electrogram seg-
ments will significantly improve the ability of the emer-
gency room physician to properly identify AMI.

[0027] An embodiment of the external alarm system
can comprise of an external alarm transceiver and a
handheld computer. The external alarm transceiver can
have a standardized interface, such as Compact Flash
adapter interface, a secure digital (SD) card interface,
a multi-media card interface, a memory stick interface
or a PCMCIA card interface. The standardized interface
will allow the external alarm transceiver to connect into
a similar standardized interface slot that is present in
many handheld computers such as a Palm Pilot or Pock-
et PC. An advantage of this embodiment is that the
handheld computer can cost effectively supply the ca-
pability for text and graphics display and for playing spo-
ken messages.

[0028] Using a handheld computer, such as the Ther-
a™ by Audiovox™ that combines a Pocket PC with hav-
ing an SD/Multimedia interface slot with a cell phone
having wireless internet access, is a solution that can
easily be programmed to provide communication be-
tween the external alarm system and a diagnostic center
staffed with medical practitioners.
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[0029] The panic button feature, which allows a pa-
tient-initiated electrogram capture and transmission to
a medical practitioner, will provide the patient with a
sense of security knowing that, if he detects symptoms
of a heart-related ailment such as left arm pain, chest
pain or palpitations, he can get a fast review of his elec-
trogram Such a review would allow the diagnosis of ar-
rhythmias, such as premature atrial or ventricular beats,
atrial fibrillation, atrial flutter or other heart rhythm irreg-
ularities. The medical practitioner could then advise the
patient what action, if any, should be taken. The guard-
ian system would also be programmed to send an alarm
in the case of ventricular fibrillation so that a caretaker
of the patient could be informed to immediately provide
a defibrillation electrical stimulus. This is practical as
home defibrillation units are now commercially availa-
ble. Itis also possible that, in patients prone to ventricu-
lar fibrillation following a myocardial infarction, such a
home defibrillator could be placed on the patient's chest
to allow rapid defibrillation should ventricular fibrillation
occur while waiting for the emergency medical services
to arrive.

[0030] The physician's programmer provides the pa-
tient's doctor with the capability to set cardiosaver car-
diac event detection parameters. The programmer com-
municates with the cardiosaver using the wireless com-
munication capability that also allows the external alarm
system to communicate with the cardiosaver. The pro-
grammer can also be used to upload and review elec-
trogram data captured by the cardiosaver including
electrogram segments captured before, during and after
a cardiac event.

[0031] Anembodiment of the invention can use a con-
tinuously adapting cardiac event detection program that
compares extracted features from a recently captured
electrogram segment with the same features extracted
from a baseline electrogram segment at a predeter-
mined time in the past. For example, the thresholds for
detecting an excessive ST shift would be appropriately
adjusted to account for slow changes in electrode sen-
sitivity or ST segment levels over time. It may also be
desirable to choose the predetermined time in the past
for comparison to take into account daily cycles in the
patient's heart electrical signals.

An embodiment of the present invention could use a
baseline for comparison that is collected approximately
24 hours prior to the electrogram segment being exam-
ined. Such a system would adapt to both minor (benign)
slow changes in the patient's baseline electrogram as
well as any daily cycle.

[0032] Use of a system that adapts to slowly changing
baseline conditions can be advantageous in the time fol-
lowing the implantation of electrode leads in the heart.
This is because there can be a significant "injury current”
present just after implantation of an electrode and for a
time of up to a month, as the implanted electrode heals
into the wall of the heart. Such an injury current may
produce a depressed ST segment that deviates from a
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normal isoelectric electrogram where the PQ and ST
segments are at approximately the same voltage. Al-
though the ST segment may be depressed due to this
injury current, the occurrence of an acute myocardial in-
farction could still be detected since an acute myocardial
infarction will still cause a significant shift from this "in-
jury current” ST baseline electrogram Alternately, the
present invention might be implanted and the detector
could be turned on after healing of the electrodes into
the wall of the heart. This healing would be noted in most
cases by the evolution to an isoelectric electrogram (i.
e., PQ and ST segments with approximately the same
voltages).

[0033] An ST detection technique can be used that
involves recording and processing baseline electrogram
segments to calculate the threshold for myocardial inf-
arction and/or ischemia detection. These baseline elec-
trogram segments would typically be collected, proc-
essed and stored once an hour or with any other appro-
priate time interval.

[0034] An embodiment of the present invention could
save and process, for example, a 10 second baseline
electrogram segment once every hour. Every 30 sec-
onds, for example, the cardiosaver could save and proc-
ess a 10 second long recent electrogram segment. The
cardiosaver could compare the recent electrogram seg-
ment with the baseline electrogram segment from, for
example, approximately 24 hours before (i.e. 24 £ %
hour before).

[0035] The processing of each of the hourly baseline
electrogram segments could involve calculating the av-
erage electrogram signal strength as well as calculating
an average "ST deviation". The ST deviation for a single
beat of an electrogram segment can be defined to be
the difference between the average ST segment voltage
and the average PQ segment voltage. The average ST
deviation of the baseline electrogram segment is the av-
erage of the ST deviation of multiple (at least two) beats
within the baseline electrogram segment.

[0036] The following detailed description of the draw-
ings fully describes an example of how the ST and PQ
segments can be measured and averaged.

[0037] Anembodiment of the invention can be provid-
ed with the capability to adjust the location in time and
duration of the ST and PQ segments used for the cal-
culation of ST shifts. An embodiment of the invention
can be initially programmed with the time interval be-
tween peak of the R wave of a beat and the start of the
PQ and ST segments of that beat set for the patient's
normal heart rate. As the patient's heart rate changes
during daily activities, these time intervals can be ad-
justed for each beat proportional to the R-R interval for
that beat. In other words, if the R-R interval shortens
(higher heart rate) then the ST and PQ segments would
move closer to the R wave peak and would become
shorter. ST and PQ segments of a beat within an elec-
trogram segment are defined herein as sub-segments
of the electrogram segment.
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[0038] The difference between the ST deviation on
any single beat in a recently collected electrogram seg-
ment and a baseline average ST deviation extracted
from a baseline electrogram segment is defined herein
as the "ST shift" for that beat. An embodiment of the
invention envisions that detection of acute myocardial
infarction and/or ischemia could be based on comparing
the ST shift of one or more beats with a predetermined
detection threshold "Hgt".

[0039] InU.S. application S/N 10051743 that is incor-
porated herein by reference, Fischell describes a fixed
threshold for detection that is programmed by the pa-
tient's doctor. The present invention envisions that the
threshold should rather be based on some percentage
"Pg1" of the average signal strength extracted from the
baseline electrogram segment where Pgy is a program-
mable parameter of the cardiosaver device. The "signal
strength" can be measured as peak signal voltage, RMS
signal voltage or as some other indication of signal
strength such as the difference between the average PQ
segment amplitude and the peak R wave amplitude.
[0040] Similarly, it is envisioned that the value of Pgy
might be adjusted as a function of heart rate so that a
higher threshold could be used if the heart rate is ele-
vated, so as to not trigger on exercise that in some pa-
tients will cause minor ST segment shifts when there is
not a heart attack occurring. Alternately, lower thresh-
olds might be used with higher heart rates to enhance
sensitivity to detect exercise-induced ischemia. One
embodiment of the present invention has a table stored
in memory where values of Pgy for a preset number of
heart rate ranges, (e.g. 50-80, 81-90, 91-100, 101-120,
121-140) might be stored for use by the cardiosaver de-
tection algorithm in determining if an acute myocardial
infarction or exercise induced ischemia is present.
[0041] Thusitis envisioned that the present invention
could use the baseline electrogram segments in 3 ways.

1. To calculate a baseline average value of a feature
such as ST deviation that is then subtracted from
the value of the same feature in recently captured
electrogram segments to calculate the shift in the
value of that feature. E.g. the baseline average ST
deviation is subtracted from the amplitude of the ST
deviation on each beat in a recently captured elec-
trogram segment to yield the ST shift for that beat.
2. To provide an average signal strength used in cal-
culating the threshold for detection of a cardiac
event. This will improve detection by compensating
for slow changes in electrogram signal strength
over relatively long periods of time.

3. To provide a medical practitioner with information
that will facilitate diagnosis of the patient's condi-
tion. For example, the baseline electrogram seg-
ment may be transmitted to a remotely located med-
ical practitioner and/or displayed directly to a med-
ical practitioner in the emergency room.
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[0042] Forthe purposes of the present document, the
term "adaptive detection algorithm" is hereby defined as
a detection algorithm for a cardiac event where at least
one detection-related threshold adapts over time so as
to compensate for relatively slow (longer than an hour)
changes in the patient's normal electrogram.

[0043] Itis also envisioned that the present invention
could have specific programming to identify a very low
heart rate (bradycardia) or a very high heart rate (tach-
ycardia or fibrillation). While a very low heart rate is usu-
ally not of immediate danger to the patient, its persist-
ence could indicate the need for a pacemaker. As a re-
sult, the "SEE DOCTOR" alarm could be used along with
an optional message sent to the external alarm system
to alert the patient that his heart rate is too low and that
he should see his doctor as soon as convenient. On the
other hand, a very high heart rate can signal immediate
danger thus it would be desirable to alarm the patientin
a manner similar to that of acute myocardial infarction
detection. What is more, detections of excessive ST
shift during high heart rates may be difficult and if the
high heart rate is the result of a heart attack then it is
envisioned that the programming of the present inven-
tion would use a major event counter that would turn on
the alarm if the device detects a combination of exces-
sive ST shift and overly high heart rate.

[0044] Anotherearly indication of acute myocardial in-
farction is a rapid change in the morphology of the T
wave. Unfortunately, there are many non-AMI causes of
changes in the morphology of a T wave. However, these
changes typically occur slowly while the changes from
an AMI occur rapidly. Therefore one embodiment of this
invention uses detection of a change in the T wave as
compared to a baseline collected a short time (less than
30 minutes) in the past. The best embodiment is prob-
ably using a baseline collected between 1 and 5 minutes
in the past. Such a T wave detector could look at the
amplitude of the peak of the T wave. An alternate em-
bodiment of the T wave detector might look at the aver-
age value of the entire T wave as compared to the base-
line. The threshold for T wave shift detection, like that
of ST shift detection, can be a percentage P+ of the av-
erage signal strength of the baseline electrogram seg-
ment. Pt could differ from P4 if both detectors are used
simultaneously by the cardiosaver.

[0045] In its simplest form, the "guardian system" in-
cludes only the cardiosaver and a physician's program-
mer. Although the cardiosaver could function without an
external alarm system where the internal alarm signal
stays on for a preset period of time, the external alarm
system is highly desirable. One reason it is desirable is
the button on the external alarm system that provides
the means for turning off the alarm in either or both the
implanted device (cardiosaver) and the external alarm
system. Another very important function of the external
alarm system is to facilitate display of both the baseline
and alarm electrogram segments to a treating physician
to facilitate rapid diagnosis and treatment for the patient.
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[0046] Thus, an embodiment of the invention can be
operable to detect a cardiac event by comparison of
heart signal parameter data. In various examples of em-
bodiments of the invention, one or more of the features
described below can, for example, be provided.

[0047] An embodiment of the invention can provide a
cardiosaver designed to detect the occurrence of a car-
diac event by comparing baseline electrogram data from
a first predetermined time with recent electrogram data
from a second predetermined time.

[0048] A cardiac event can, for example, be detected
by comparing at least one heart signal parameter ex-
tracted from an electrogram segment captured at a first
predetermined time by an implantable cardiosaver with
the same at least one heart signal parameter extracted
from an electrogram segment captured at a second pre-
determined time.

[0049] For example, an acute myocardial infarction
can be detected by comparing recent electrogram data
to baseline electrogram data from the same time of day
(i.e. approximately 24 hours in the past).

[0050] By way of further example, an acute myocar-
dial infarction can be detected by comparing the ST de-
viation of the beats in a recently collected electrogram
segment to the average ST deviation of two or more
beats of a baseline electrogram segment.

[0051] The threshold(s) for detecting the occurrence
of a cardiac event can be adjusted by a cardiosaver de-
vice to compensate for slow changes in the average sig-
nal level of the patient's electrogram.

[0052] For example, the threshold for detection of a
cardiac event can be adjusted by a cardiosaver device
to compensate for daily cyclic changes in the average
signal level of the patient's electrogram.

[0053] An external alarm system can be provided in-
cluding an alarm off button that will turn off either or both
internal and external alarm signals initiated by an im-
planted cardiosaver.

[0054] The alarm signal can be generated by a cardi-
osaver automatically turning off after a preset period of
time.

[0055] The cardiosaver can be operable to warn the
patient that an acute myocardial infarction has occurred
by means of a subcutaneous vibration.

[0056] The cardiac event detection can require that at
least a majority of the beats exhibit an excessive ST shift
before identifying an acute myocardial infarction.
[0057] The cardiac event detection can require, for
example, that excessive ST shift still be present in at
least two electrogram segments separated by a preset
period of time.

[0058] The cardiac event detection can require, for
example, that excessive ST shift still be present in at
least three electrogram segments separated by preset
periods of time.

[0059] A threshold for detection of excessive ST shift
can be dependent upon the average signal strength cal-
culated from a baseline electrogram segment.
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[0060] A threshold for detection of excessive ST shift
can be a function of the difference between the average
PQ segment amplitude and the R wave peak amplitude
of a baseline electrogram segment.

[0061] A threshold for detection of excessive ST shift
can be a function of the average minimum to maximum
amplitude for at least two beats calculated from a base-
line electrogram segment.

[0062] A cardiac event can be detected by the shiftin
the amplitude of the T wave of an electrogram segment
at a second predetermined time as compared with the
average baseline T wave amplitude from a baseline
electrogram segment at a first predetermined time.
[0063] A cardiac event can be detected by the shift in
the T wave deviation of at least one beat of an electro-
gram segment at a second predetermined time as com-
pared with the average baseline T wave deviation from
an electrogram segment at a first predetermined time.
[0064] First and second predetermined times for T
wave amplitude and/or deviation comparison can be
separated by less than 30 minutes.

[0065] The baseline electrogram segment used for
ST segment shift detection and the baseline electro-
gram segment used for T wave shift detection can be
collected at different times.

[0066] An individualized (patient specific) "normal”
heart rate range such that the upper and lower limits of
"normal” can be programmable using a cardiosaver pro-
grammer.

[0067] One or more individualized (patient specific)
"elevated" heart rate ranges can be provided such that
the upper and lower limits of each "elevated" range are
programmable using the cardiosaver programmer.
[0068] The threshold for detection of an excessive ST
shift can be different for the "normal" heart rate range
as compared to one or more "elevated" heart rate rang-
es.

[0069] These and other features and advantages of
embodiments 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 asso-
ciated drawings as presented herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0070] Embodiments of the invention are described
hereinafter, by way of example only, with reference to
the accompanying drawings, in which:

FIG. 1 illustrates an example of an embodiment of
a guardian system for the detection of a cardiac
event and for warning the patient that a cardiac
event is occurring.

FIG. 2 illustrates a normal electrogram pattern and
also shows a superimposed elevated ST segment
that would be indicative of an acute myocardial inf-
arction.
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FIG. 3 is a plan view of an example of a cardiosaver
showing the cardiosaver electronics module and
two electrical leads each having one electrode.

FIG. 4 is a block diagram of the cardiosaver of Fig-
ure 3.

FIG. 5 is a block diagram of an example of a cardi-
osaver event detection program.

FIG. 6 illustrates the extracted electrogram seg-
ment features used to calculate ST shift.

FIG. 7 is a block diagram of the baseline parameter
extraction subroutine of the cardiosaver event de-
tection program.

FIG. 8 is a block diagram of an example of an alarm
subroutine of the cardiosaver event detection pro-
gram.

FIG. 9 is a block diagram of an example of a hi/low
heart rate subroutine of the cardiosaver event de-
tection program.

FIG. 10 is a block diagram of an example of a
ischemia subroutine of the cardiosaver event detec-
tion program.

FIG. 11 is a diagram of an example of conditions
that can trigger cardiosaver alarms.

FIG. 12 is a block diagram of an example of an un-
steady heart rate subroutine of the cardiosaver
event detection program.

FIG. 13 is an alternate example of an embodiment
of a guardian system.

FIG. 14 illustrates an example of a physical embod-
iment of an external alarm transceiver.

FIG. 15 illustrates an example of a physical embod-
iment of a combined external alarm transceiver and
pocket PC.

DETAILED DESCRIPTION OF THE INVENTION

[0071] FIG. 1 illustrates one embodiment of a guard-
ian system 10 consisting of an implanted cardiosaver 5
and external equipment 7. The battery powered cardi-
osaver 5 contains electronic circuitry that can detect a
cardiac event such as an acute myocardial infarction or
arrhythmia and warn the patient when the event occurs.
The cardiosaver 5 can store the patient's electrogram
for later readout and can send wireless signals 53 to and
receive wireless signals 54 from the external equipment
7. The functioning of the cardiosaver 5 will be explained
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in greater detail with the assistance of FIG. 4.

[0072] Thecardiosaver5hastwoleads 12 and 15 that
have multi-wire electrical conductors with surrounding
insulation. The lead 12 is shown with two electrodes 13
and 14. The lead 15 has subcutaneous electrodes 16
and 17. In fact, the cardiosaver 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.
Furthermore, electrodes 8 and 9 could be placed on the
outer surface of the cardiosaver 5 without any wires be-
ing placed externally to the cardiosaver 5.

[0073] Thelead 12inFIG. 1 could advantageously be
placed through the patient's vascular system with the
electrode 14 being placed into the apex of the right ven-
tricle. 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 Coronary Defibrillators (ICDs). The
metal case 11 of the cardiosaver 5 could serve as an
indifferent electrode with either or both electrodes 13
and/or 14 being active electrodes. It is also conceived
that the electrodes 13 and 14 could be used as bipolar
electrodes. Alternately, the lead 12 in FIG. 1 could ad-
vantageously 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.

[0074] The lead 15 could advantageously be placed
subcutaneously at any location where the electrodes 16
and/or 17 would provide a good electrogram signal in-
dicative of the electrical activity of the heart. Again for
this lead 15, the case 11 of the cardiosaver 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 cardiosaver
5 could operate with only one lead and as few as one
active electrode with the case of the cardiosaver 5 being
an indifferent electrode. The guardian system 10 de-
scribed herein can readily operate with only two elec-
trodes.

[0075] One embodiment of the cardiosaver 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 cardiosaver case 11 could
act as the indifferent electrode and would typically be
implanted under the skin on the left side of the patient's
chest.

[0076] FIG. 1 also shows the external equipment 7
that consists of a physician's programmer 68 having an
antenna 70, an external alarm system 60 including a
charger 166. The external equipment 7 provides means
to interact with the cardiosaver 5. These interactions in-
clude programming the cardiosaver 5, retrieving data
collected by the cardiosaver 5 and handling alarms gen-
erated by the cardiosaver 5.

[0077] The purpose of the physician's programmer 68
shown in FIG. 1 is to set and/or change the operating
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parameters of the implantable cardiosaver 5 and to read
out data stored in the memory of the cardiosaver 5 such
as stored electrogram segments. This would be accom-
plished by transmission of a wireless signal 54 from the
programmer 68 to the cardiosaver 5 and receiving of te-
lemetry by the wireless signal 53 from the cardiosaver
5 to the programmer 68. When a laptop computer is
used as the physician's programmer 68, it would require
connection to a wireless transceiver for communicating
with the cardiosaver 5. Such a transceiver could be con-
nected via a standard interface such as a USB, serial or
parallel port or it could be inserted into the laptop's PC-
MCIA card slot. The screen on the laptop would be used
to provide guidance to the physician in communicating
with the cardiosaver 5. Also, the screen could be used
to display both real time and stored electrograms that
are read out from the cardiosaver 5.

[0078] 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, an alarm
speaker 57 and an antenna 161 and can communicate
with emergency medical services 67 with the modem
165 via the communication link 65.

[0079] Ifa cardiac event is detected by the cardiosav-
er 5, an alarm message is sent by a wireless signal 53
to the alarm transceiver 56 via the antenna 161. When
the alarm is received by the alarm transceiver 56 a sig-
nal 58 is sent to the loudspeaker 57. The signal 58 will
cause the loudspeaker to emit an external alarm signal
51 to warn the patient that an event has occurred. Ex-
amples 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 actions should be
taken. Furthermore, the alarm transceiver 56 can, de-
pending upon the nature of the signal 53, send an out-
going signal over the link 65 to contact emergency med-
ical services 67. When the detection of an acute myo-
cardial infarction is the cause of the alarm, the alarm
transceiver 56 could automatically notify emergency
medical services 67 that a heart attack has occurred and
an ambulance could be sent to treat the patient and to
bring him to a hospital emergency room.

[0080] If the remote communication with emergency
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 emergency medical
services 67. The message sent over the link 65 may in-
clude any or all of the following information: (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 patientis located, (4) the patient's stored elec-
trogram including baseline electrogram data and the
specific electrogram segment that generated the alarm
(5) continuous real time electrogram data, and (6) a pre-
scription written by the patient's personal physician as
to the type and amount of drug to be administered to the
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patient in the event of a heart attack. If the emergency
medical services 67 includes an emergency room at a
hospital, information can be transmitted that the patient
has had a cardiac event and should be on his way to the
emergency room. In this manner the medical practition-
ers at the emergency room could be prepared for the
patient's arrival.

[0081] The communications link 65 can be either a
wired or wireless telephone connection that allows the
alarm transceiver 56 to call out to emergency medical
services 67. The typical external alarm system 60 might
be built into a Pocket PC or Palm Pilot PDA where the
alarm transceiver 56 and modem 165 are built into in-
sertable cards having a standardized interface such as
compact flash cards, PCMCIA cards, multimedia, mem-
ory stick or secure digital (SD) cards. The modem 165
can be a wireless modem such as the Sierra AirCard
300 or the modem 165 may be a wired modem that con-
nects to a standard telephone line. The modem 165 can
also be integrated into the alarm transceiver 56.
[0082] The purpose of the patient operated initiator 55
is to give the patient the capability for initiating transmis-
sion of the most recently captured electrogram segment
from the cardiosaver 5 to the external alarm system 60.
This will enable the electrogram segment to be dis-
played for a medical practitioner. The alarm disable but-
ton 59 will turn off the internal alarm signal generated
within the cardiosaver 5 and/or the external alarm signal
51 played through the speaker 57.

[0083] The patient might press the panic button 52 in
the event that the patient feels that he is experiencing a
cardiac event. The panic button 52 will initiate the trans-
mission from the cardiosaver 5 to the external alarm sys-
tem 60 via the wireless signal 53 of both recent and
baseline electrogram segments. The external alarm
system 60 will then retransmit these data via the link 65
to emergency medical services 67 where a medical
practitioner will view the electrogram data. The remote
medical practitioner could then analyze the electrogram
data and call the patient back to offer advice as to wheth-
er this is an emergency situation or the situation could
be routinely handled by the patient's personal physician
at some later time.

[0084] It is envisioned that there may be preset limits
within the external alarm system 60 that prevent the pa-
tient operated initiator 55 and/or panic button from being
used more than a certain number of times a day to pre-
vent the patient from running down the batteries in the
cardiosaver 5 and external alarm system 60 as wireless
transmission takes a relatively large amount of power
as compared with other functional operation of these de-
vices.

[0085] FIG. 2 illustrates a typical electrogram signal
from some pair of implanted electrodes such as the elec-
trode 14 and the case 11 of FIG. 3 overlaid with an ele-
vated ST segment 4. The various portions of the elec-
trogram are shown as the P, Q, R, S, and T waves.
These are all shown as portions of a heavy solid line in
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FIG. 2. The normal ST segment 3 is also shown in FIG.
2.

[0086] When an acute myocardial infarction occurs,
there is typically an elevation (or depression) of the ST
segment 4 as shown by the light solid line in FIG. 2. It
is this shift of the ST segment 4 as compared to the
baseline ST segment 3 that is a clear indicator that an
acute myocardial infarction has occurred in a significant
portion of the patient's myocardium.

[0087] Although an elevated ST segment 4 can be a
good indicator of an acute myocardial infarction, other
indicators such as a sudden change of heart rate or
heart wall motion, intra-coronary blood pressure or a
sudden decrease in blood pO, could also be used as
independent sensing means or those signals could be
used in addition to the voltage shift of the ST segment 4.
[0088] Itisimportant to note that the electrogram from
implanted electrodes may provide a faster detection of
an ST segment shift as compared to an electrocardio-
gram signal obtained from skin surface electrodes,
[0089] It is also well known that the T wave can shift
very quickly when a heart attack occurs. It is envisioned
that an embodiment of the present invention might de-
tect this T wave shift as compared to a time of 1 to 5
minutes in the past.

[0090] Itis anticipated that when a patient who has a
stenosis in a coronary artery is performing a compara-
tively strenuous exercise his heart rate increases and
he can develop exercise induced ischemia that will also
result in a shift of the ST segment of his electrogram
This is particularly true for patients who have undergone
balloon angioplasty with or without stent implantation.
Such patients will be informed by their own physician
that, if their cardiosaver 5 of FIG. 1 activates an alarm
during exercise, that it may be indicative of the progres-
sion of an arterial stenosis in one of the heart's arteries.
Such a patient would be advised to stop all exertion im-
mediately and if the alarm signal goes away as his heart
rate slows, the patient should see his doctor as soon as
convenient. If the alarm signal does not go away as the
patient's heart rate slows down into the normal range
then the cardiosaver will change the alarm signal to in-
dicate that the patient should immediately seek medical
care. As previously described, the cardiosaver 5 could
emit a different signal if there is a heart attack as com-
pared to the signal that would be produced if there were
ischemia resulting from exercise.

[0091] Itisalso envisioned that heart rate and the rate
of change of heart rate experienced during an ST seg-
ment voltage shift can be used to indicate which alarm
should be produced by the cardiosaver 5. Specifically,
an ST segment shift at a near normal heart rate would
indicate an acute myocardial infarction. An ST segment
shift when there is an elevated heart rate (e.g., greater
than 100 bpm) would generally be indicative of a pro-
gressing stenosis in a coronary artery. In any case, if a
sufficient ST segment shift occurs that results in an
alarm from the cardiosaver 5, the patient should prompt-
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ly seek medical care to determine the cause of the
alarm.

[0092] It should be understood that, depending on a
patient's medical condition, a vigorous exercise might
be as energetic as running a long distance or merely
going up a flight of stairs. After the cardiosaver 5 is im-
planted in a patient who has undergone a stent implant,
he should have a stress test to determine his level of ST
segment shift that is associated with the highest level of
exercise that he can attain. The patient's heart rate
should then be noted and the cardiosaver thresholds for
detection, described with FIGs. 5 through 9, should be
programmed so as to not alarm at ST segment shifts
observed during exercise. Then if at a later time the pa-
tient experiences an increased shift of his ST segment
at that pre-determined heart rate or within a heart rate
range, then an alarm indicating ischemia can be pro-
grammed to occur. The occurrence of such an alarm can
indicate that there is a progression in the narrowing of
some coronary artery that may require angiography to
determine if angioplasty, possibly including stent im-
plantation, is required.

[0093] The alarm signal associated with an excessive
ST shift caused by an acute myocardial infarction can
be quite different from the "SEE DOCTOR" alarm means
associated with progressing ischemia during exercise.
For example, the SEE DOCTOR alarm signal might be
an audio signal that occurs once every 5 to 10 seconds.
A different alarm signal, for example an audio signal that
is three buzzes every 3 to 5 seconds, may be used to
indicate a major cardiac event such as an acute myo-
cardial infarction. Similar alarm signal timing would typ-
ically be used for both internal alarm signals generated
by the alarm sub-system 48 of FIG. 4 and external alarm
signals generated by the external alarm system 60.
[0094] In any case, a patient can be taught to recog-
nize which signal occurs for these different circumstanc-
es so that he can take immediate response if an acute
myocardial infarction is indicated but can take a non-
emergency response if progression of the narrowing of
a stenosis or some other less critical condition is indi-
cated. It should be understood that other distinctly dif-
ferent audio alarm patterns could be used for different
arrhythmias such as atrial fibrillation, atrial flutter,
PVC's, PAC's, etc. A capability of the physician's pro-
grammer 68 of FIG. 1 would be to program different
alarm signal patterns, enable or disable detection and/
or generation of associated alarm signals in the cardi-
osaver for any one or more of these various cardiac
events. Also, the intensity of the audio alarm, vibration
or electrical tickle alarm could be adjusted to suit the
needs of different patients. In order to familiarize the pa-
tient with the different alarm signals, the programmer 68
of the present invention would have the capability to turn
each of the different alarm signals on and off.

[0095] FIG. 3is a plan view of the cardiosaver 5 hav-
ing a case 11 and a plastic header 20. The case 11 con-
tains the battery 22 and the electronics module 18. This
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type of package is well known for pacemakers, implant-
able defibrillators and implantable tissue stimulators.
Electrical conductors placed through the plastic header
20 connect the electronics module 18 to the electrical
leads 12 and 15, which have respectively electrodes 14
and 17. The on-case electrodes 8 and 9 of FIG. 1 are
not shown in FIG. 3. It should also be understood that
the cardiosaver 5 can function with only two electrodes,
one of which could be the case 11. All the different con-
figurations for electrodes shown in FIGS. 1 and 3, such
as the electrodes 8, 9, 13, 14, 16 or the metal case 11
are shown only to indicate that there are a variety of pos-
sible electrode arrangements that can be used with the
cardiosaver 5.

[0096] On the metal case 11, a conducting disc 31
mounted onto an insulating disc 32 can be used to pro-
vide a subcutaneous electrical tickle to warn the patient
that an acute myocardial infarction is occurring or to act
as an independent electrode.

[0097] FIG. 4 is a block diagram of the cardiosaver 5
with battery 22. The electrodes 14 and 17 connect with
wires 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 12 and 15 are
shown here, the amplifier 36 would be a multi-channel
amplifier. The amplified electrogram signals 37 from the
amplifier 36 are then converted to digital signals 38 by
the analog-to-digital converter 41. The digital electro-
gram signals 38 are buffered in the First-In-First-Out
(FIFO) memory 42. Processor means shown in FIG. 4
as the central processing unit (CPU) 44 coupled to
memory means shown in FIG. 4 as the Random Access
Memory (RAM) 47 can process the digital electrogram
data 38 stored the FIFO 42 according to the program-
ming instructions stored in the program memory 45. This
programming (i.e. software) enables the cardiosaver 5
to detect the occurrence of a cardiac event such as an
acute myocardial infarction.

[0098] A clock/timing sub-system 49 provides the
means for timing specific activities of the cardiosaver 5
including the absolute or relative time stamping of de-
tected cardiac events. The clock/timing sub-system 49
can also facilitate power savings by causing compo-
nents of the cardiosaver 5 to go into a low power standby
mode in between times for electrogram signal collection
and processing. Such cycled power savings techniques
are often used in implantable pacemakers and defibril-
lators. In an alternate embodiment, the clock/timing sub-
system can be provided by a program subroutine run by
the central processing unit 44.

[0099] In an advanced embodiment of the present in-
vention, the clock/timing circuitry 49 would count for a
first period (e.g. 20 seconds) then it would enable the
analog-to-digital converter 41 and FIFO 42 to begin stor-
ing data, after a second period (e.g. 10 seconds) the
timing circuitry 49 would wake up the CPU 44 from its
low power standby mode. The CPU 44 would then proc-
ess the 10 seconds of data in a very short time (typically
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less than a second) and go back to low power mode.
This would allow an on off duty cycle of the CPU 44
which often draws the most power of less than 2 sec-
onds per minute while actually collecting electrogram
data for 20 seconds per minute.

[0100] In a first embodiment of the present invention
the RAM 47 includes specific memory locations for 3
sets of electrogram segment storage. These are the re-
cent electrogram storage 472 that would store the last
2 to 10 minutes of recently recorded electrogram seg-
ments so that the electrogram data leading 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 phy-
sician's programmer 68 of FIG. 1. For example, the re-
cent electrogram storage 472 might contain eight 10
second long electrogram segments that were captured
every 30 seconds over the last 4 minutes.

[0101] The baseline electrogram memory 474 would
provide storage for baseline electrogram segments col-
lected at preset times over one or more days. For ex-
ample, the baseline electrogram memory 474 might
contain 24 baseline electrogram segments of 10 sec-
onds duration, one from each hour for the last day.
[0102] The event memory 476 occupies the largest
part of the RAM 47. The event memory 476 is not over-
written on a regular schedule as are the recent electro-
gram memory 472 and baseline electrogram memory
474 but is typically maintained until read out by the pa-
tient's physician with the programmer 68 of FIG. 1. At
the time a cardiac event like excessive ST shift indicat-
ing 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.
[0103] The RAM 47 also contains memory sections
for programmable parameters 471 and calculated base-
line data 475. The programmable parameters 471 in-
clude the upper and lower limits for the normal and ele-
vated heart rate ranges, and physician programmed pa-
rameters related to the cardiac event detection process-
es stored in the program memory 45. The calculated
baseline data 475 contain detection parameters extract-
ed from the baseline electrogram segments stored in the
baseline electrogram memory 474. Calculated baseline
data 475 and programmable parameters 471 would typ-
ically 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 medications to be administered by medical
practitioners in the event of different cardiac events.
[0104] Itis envisioned that the cardiosaver 5 could al-
so contain pacemaker circuitry 170 and/or defibrillator
circuitry 180 similar to the cardiosaver systems de-
scribed by Fischell in U.S. patent No. 6,240,049.
[0105] The alarm sub-system 48 contains the circuitry
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and transducers to produce the internal alarm signals
for the cardiosaver 5. The internal alarm signal can be
amechanical vibration, a sound or a subcutaneous elec-
trical tickle or shock.

[0106] The telemetry sub-system 46 with antenna 35
provides the cardiosaver 5 the means for two-way wire-
less communication to and from the external equipment
7 of FIG. 1. Existing radiofrequency transceiver chip
sets such as the Ash transceiver hybrids produced by
RF Microdevices, Inc. can readily provide such two-way
wireless communication over a range of up to 10 meters
from the patient. It is also envisioned that short range
telemetry such as that typically used in pacemakers and
defibrillators could also be applied to the cardiosaver 5.
It is also envisioned that standard wireless protocols
such as Bluetooth and 802.11a or 802.11b might be
used to allow communication with a wider group of pe-
ripheral devices.

[0107] A magnetsensor 190 may be incorporated into
the cardiosaver 5. An important use of the magnet sen-
sor 190 is to turn on the cardiosaver 5 on just before
programming and implantation. This would reduce
wasted battery life in the period between the times that
the cardiosaver 5 is packaged at the factory until the day
it is implanted.

[0108] FIG. 5illustrates in the form of a block diagram
the operation of the heart signal processing program
450 for cardiac event detection by the cardiosaver 5 of
FIGs. 1-4. The heart signal processing program 450 is
an example of one of many such detection programs
whose instructions could reside in the program memory
45 for use by the CPU 44 of the cardiosaver 5 as shown
in FIG. 4. The main section of the heart signal process-
ing program 450 begins with step 451 where the event
counter "K" is set to zero indicating there have been no
detected events. Next, in step 452 the cardiosaver 5 is
said to sleep for X seconds. The term sleep here indi-
cates that for a period of X seconds, the cardiosaver 5
would either be placed in a low power standby mode (if
available) or would otherwise simply wait for a time of X
seconds before moving to step 453. Step 453 following
452 has an electrogram segment representing Y sec-
onds of electrogram data captured into the FIFO buffer
42 of FIG. 4. ¢ is the data sampling rate in samples per
second, thus the total number of samples collected in
step 453 is o multiplied by Y. Itis envisioned that X would
be a time between 5 seconds and 5 minutes with 20 sec-
onds as a preferred value. Y would be between 3 and
30 seconds with 10 seconds as a preferred value. ¢ is
typically between 100 and 500 samples per second with
200 samples per second being a preferred value.
[0109] After being captured, in step 454, the Y sec-
onds of electrogram data representing the most recent
electrogram segment is transferred to the recent elec-
trogram memory 472 of FIG. 4. At this time the process-
ing and analysis of the data begins. Throughout the re-
mainder of this detailed description of the drawings, the
"Y second long electrogram segment" refers to the most
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recently collected Y seconds of electrogram data that
have been captured and transferred to the recent elec-
trogram memory 472 by the steps 453 and 454. The
term "recent electrogram segments" refers to all of the
electrogram segments stored in the recent electrogram
memory 472. For example, there could be eight total 10
second long recent electrogram segments that were
captured at 30 second intervals over a 4 minute period.
[0110] The first processing step following the collec-
tion of the Y second long electrogram segment is step
455 that measures the intervals between the R waves
in the most Y second long electrogram segment. These
R-R intervals are then used to calculate the average
heart rate and R-R interval variation for the Y second
long electrogram segment. If the average heart rate is
below a programmed low heart rate limit p,,,, or above
a programmed high heart rate limit pp g, it is considered
"out-of-range" and a Hi/Low heart rate subroutine 420
(see FIG. 9) is run to properly respond to the condition.
[0111] Ifthe R-Rinterval variation within the Y second
long electrogram segment is more than a programmed
limit, the hi/low heart rate subroutine is also run. This is
an important feature of the present invention as PVC's
and unstable heart rhythms such as a bigeminal rhythm
can cause errors in an ST shift detection algorithm that
is works best with a steady heart rhythm One embodi-
ment of the present invention identifies an unsteady
heart rate by comparing the two shortest R-R intervals
and the 2 longest intervals in the Y second long electro-
gram segment. If the difference between both of the two
shortest R-R intervals and the average of the two long-
est R-R intervals are more than a programmed percent-
age o, an unsteady heart rate is identified. For example
the programmed percentage o might be 25% so that if
the two shortest R-R intervals are each more than 25%
less than the average of the two longest R-R intervals,
then the heart rate is unsteady. It is envisioned that if
longer times Y are used for electrogram segment col-
lection then it might require 3 or more "short " beats to
indicated an unsteady heart rate. Any beat that is not
too short is classified by step 455 as a normal beat. p,,,,
Phigh and o are programmable parameters typically set
using the programmer 68 during programming of the
cardiosaver 5. Typical values for pj,,, and py,iqr, would be
50 and 140 beats per minute respectively.

[0112] If the heart rate is not high, low or unsteady as
checked in step 455, the heart signal processing pro-
gram 450 moves to step 456 where the average heart
rate is compared to a programmed normal range be-
tween pjo,y and Pejeyated WHEre Pejeyated 1S the elevated
heart rate limit that defines the upper limit of the "normal
range" (e.g. 80 beats per minute). If the patient's heart
rate is elevated but not out-of-range (i.e. above pygp),
the patient may be exercising and the ischemia subrou-
tine 480 allows for different cardiac event detection cri-
teria during elevated heart rates to reduce false positive
detections of acute myocardial infarction and to detect
exercise induced ischemia. An example of one embod-
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iment of the ischemia subroutine 480 is illustrated in
FIG. 10.

[0113] Although the above specification describes
low, high and elevated heart rate limits pjoy, Phign and
Pelevated: it iS envisioned that instead of heart rate (i.e.
beats per second) the limits and decision making could
be set in terms or R wave to R wave (R-R) interval with
the low, high and elevated limits are for R-R interval and
are expressed in seconds per beat, milliseconds per
beat or samples per beat.

[0114] If the average heart rate of the patient is within
the "normal" range in step 456, then the program 450
moves to step 457 where it looks for an excessive ST
shift on M out of N beats as compared with the baseline
electrogram segment collected at a time U £ W minutes
in the past. U can be any time from 1 minute to 48 hours
but to allow for daily cycles U = 24 hours is a preferred
embodiment. W is half the interval between times when
the baseline data is saved and can be any time from 10
seconds to 12 hours. For a U of 24 hours, a preferred
setting would have W equal to half an hour so that the
current Y second long electrogram segment is always
being compared with a baseline electrogram segment
from 24 + % hour before. This also means that baseline
electrogram segments are saved and processed to ex-
tract detection parameters at an interval of twice W
(2W). l.e., if W is half an hour, then the baseline data is
saved and processed once an hour. M can be any
number from 1 to 30 and N can be any number from M
to 100. An example of a typical M and N used would be
6 out of 8 beats. It is envisioned that the first of the 8
beats will typically be the beat including the 2nd R wave
in the Y second long electrogram segment collected in
steps 453 and 454.

[0115] An alternate to ST shift detection in step 457
is to process just the T wave, which can change its peak
or average amplitude rapidly if there is a heart attack.
The T wave can, however change its amplitude slowly
under normal conditions so a T wave shift detector
would need a much shorter time U than that of a detector
using the ST segment before the T wave. If the detector
is checking for such T wave shift, i.e. a voltage shift of
the T wave part of the ST segment, then it may be de-
sirable to check against a baseline where U is 1 to 30
minutes and W is 15 seconds to 15 minutes. For exam-
ple, U= 3 minutes and W = 15 seconds is a preferred
setting to catch a quickly changing T wave. This would
also allow use of recent electrogram segments stored
in the recent electrogram memory of FIG. 4 as baseline
electrogram segments for T wave shift detection. It is
envisioned that the programmer 68 of FIG. 1 would allow
the patient's doctor to program the cardiosaver 5 to use
ST segment shift or T wave shift detectors by them-
selves, or together simultaneously. If both were used
then the programmer 68 would allow the patient's doctor
to choose whether a positive detection will result if either
technique detects an event or only if both detect an
event.
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[0116] Ifthe average heartrate is in the normal range,
is not unsteady and there is no cardiac event detection
in step 457, (i.e. the electrogram signal is indicative of
a "normal" heart signal for the patient), the heart signal
processing program 450 checks in step 458 if it is more
than the interval of 2W minutes since the last time base-
line data was captured. If it has been more than 2W, the
baseline parameter extraction subroutine 440 of FIG. 7
is run.

[0117] The parameters X, Y, U and Ware stored with
the programmable parameters 471 in the RAM 47 in
FIG. 4. These parameters may be permanently set at
the time of manufacturing of the cardiosaver 5 or they
may be programmed through the programmer 68 of FIG.
1. The calculated criteria for cardiac event detection ex-
tracted from the baseline electrogram segments stored
in baseline electrogram memory 474 are stored in the
calculated baseline data memory 475 of the RAM 47.
[0118] A typical configuration of the heart signal
processing program 450 using only an ST shift detector,
would use a sleep of X=20 seconds, followed by collec-
tion of a Y=10 second long electrogram segment. If the
patient's heart rate is in a normal range of between 50
and 80 beats per minute, step 457 would check for an
excessive shift of the ST segment in 6 out of 8 of the
beats as compared with baseline data collected 24 + %
hour previously.

[0119] Ifthere has been a detected excessive ST shift
in M out of N beats in step 457, the ST Verification Sub-
routine 460 is run to be sure that the detected event is
not a transitory change in the electrogram.

[0120] The ST Verification Subroutine 460 begins with
step 461 where the recently collected Y second long
electrogram segment is saved to the event memory 476
of FIG. 4 for later review by the patient's doctor.

[0121] The ST shift verification subroutine 460 then
increments the event counter k by 1 (step 462) and then
checks (step 463) if k is equal to 3 (i.e. 3 events is the
trigger for an alarm If k=3 then the alarm subroutine 490
illustrated in FIG. 8 is run, thus declaring that there has
been a positive detection of a major cardiac event. FIG.
11 illustrates examples of the combinations of condi-
tions that can lead to k=3 and the running of the alarm
subroutine 490.

[0122] Although step 463 is shown checking if k=3 as
the condition for running the alarm subroutine 490, the
number of events required could be a programmable pa-
rameter from k=1 to k=20. Even higher possible values
than k=20 might be used to avoid false positive detec-
tions. With current average times from onset of a heart
attack to arrival at a treatment center of 3 hours, a few
minutes delay for a device that should enable the patient
to easily reach a treatment center within 30 minutes is
valuable if it improves the reliability of detection.
[0123] In step 463 if k is less than 3 then the ST shift
verification subroutine 460 proceeds to sleep Z seconds
in step 464 followed by collection (step 465) and saving
(step 466) to the next location in the recent electrogram
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memory 472 of FIG. 4 of a new Y second long electro-
gram segment. Z seconds can be different from the X
seconds used in step 452 to allow the ST shift verifica-
tion subroutine 460 to look over longer (or shorter) in-
tervals than the main program so as to best verify the
positive detection of step 457. The term sleep here has
the same connotation as in step 452. In one embodi-
ment of the present invention Z=X=20 seconds.

[0124] The ST shift verification subroutine 460 then
checks for heart rate out-of-range or unsteady in step
467. As described with respect to step 455 above, heart
rate out-of-range means that the average heart rate in
the Y second long electrogram segment is below the low
heart rate limit p,,,, or above the high heart rate limit
Phigh-

[0125] If the heart rate is out-of range or unsteady
step 467 will initiate the Hi/Low subroutine 420. If the
heart rate is not out-of range or unsteady, then step 468
follows to check if the heart rate is normal or elevated
similar to step 456 above. If the heart rate is elevated,
the ischemia subroutine 480 is run. The reason for
checking if the heart rate has changed is that acute my-
ocardial infarction can induce high heart rates from tach-
ycardia or fibrillation that might mask the ST shift but are
in of themselves major cardiac events whose detection
will increment the event counter k.

[0126] If the heart rate is in the normal range (i.e. not
elevated), then step 469 checks for an excessive ST
and/or T wave shift in M out of N beats of the Y second
long electrogram segment as compared with the base-
line data extracted U £ W minutes in the past (similar to
step 457). If no excessive ST and/or T wave shift is seen,
the subroutine 460 returns to step 458 of the heart signal
processing program 450 and then eventually back to
step 451, the start of heart signal processing program
450. In step 451, k is set back to 0 so that only if there
are cardiac events detected in three (k) successive Y
second long electrogram segments, will the alarm sub-
routine 490 be run. In one embodiment of the present
invention, steps 457 and 469 only examine M out of N
"normal" beats, ignoring any beats that are too short as
determined by step 455.

[0127] Itis important to note, that baseline data is ex-
tracted only when the heart rate is within the normal
range and there is not an excessive ST or T wave shift
in M out of N beats. In one embodiment of the present
invention, this is improved further by having the baseline
parameter extraction subroutine 440 only process nor-
mal beats that individually do not exhibit an excessive
ST and/or T wave shift.

[0128] FIG. 6illustrates the features of a single normal
beat 500 of an electrogram segment and a single beat
500' of an AMI electrogram segment that has a signifi-
cant ST segment shift as compared with the normal beat
500. Such ST segment shifting occurs within minutes
following the occlusion of a coronary artery during an
AMI. The beats 500 and 500' show typical heart beat
wave elements labeled P, Q, R, S, and T. The definition
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of a beat such as the beat 500 is 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.
[0129] For the purposes of detection algorithms, dif-
ferent sub-segments, elements and calculated values
related to the beats 500 and 500" are hereby specified.
The peak of the R wave of the beat 500 occurs at the
time Tg (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 Tg (509) as fol-
lows:

a. The PQ segment 501 has a time duration Dpq
(506) and starts Tpq (502) milliseconds before the
time Ty (509).
b. The ST segment 505 has a time duration Dgt
(508) and starts Tgr (502) milliseconds after the
time Tg (509).

[0130] The PQ segment 501' and ST segment 505'
are sub-segments of the beat 500' and are located in
time with respect to the time T'g (509') as follows:

c. The PQ segment 501" has a time duration Dpq
(506) and starts Tpq, (502) milliseconds before the
time T' (509').
d. The ST segment 505' has a time duration Dgy
(508) and starts Tgy (502) milliseconds after the
time T' (509").

[0131] The ST segments 505 and 505' and the PQ
segments 501 and 501" are examples of sub-segments
of the electrical signals from a patient's heart. The R
wave and T wave are also sub-segments.

The dashed lines Vpq (512) and Vg (514) illustrate the
average voltage amplitudes of the PQ and ST segments
501 and 505 respectively for the normal beat 500. Sim-
ilarly the dashed lines V'pq (612') and V'st (514') illus-
trate the average amplitudes of the PQ and ST seg-
ments 501" and 505' respectively for the beat 500'. The
"ST deviation" AV (510) of the normal beat 500 and the
ST deviation AV, (510') of the AMI electrogram beat
500" are defined as:

AV (510) = Vgy (514) - Vpq (512)

AV gy (510') = V'g1(514') - V'pq (512')

[0132] Note that the both beats 500 and 500' are an-
alyzed using the same time offsets Tpq and Tgt from
the peak of the R wave and the same durations Dpq and
Dgt. In this example, the beats 500 and 500" are of the
same time duration (i.e. the same heart rate). The pa-
rameters Tpq, TsT, Dpq @nd Dgt would typically be set
with the programmer 68 of FIG. 1 by the patient's doctor
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at the time the cardiosaver 5 is implanted so as to best
match the morphology of the patient's electrogram sig-
nal and normal heart rate. Vpq (512), Vg1 (514), Vg
(503) and AV (510) are examples of per-beat heart sig-
nal parameters for the beat 500.

[0133] Although it may be effective to fix the values of
time offsets Tpq, (502) and Tgy (504) and the durations
Dpq (506) and Dgr (508), it is envisioned that the time
offsets Tpq and Tgr and the durations Dpq and Dgt
could be automatically adjusted by the cardiosaver 5 to
account for changes in the patient's heart rate. If the
heart rate increases or decreases, as compared with the
patient's normal heart rate, it envisioned that the offsets
Tpq (602) and Tg1 (504) and/or the durations Dpq, (506)
and Dgr (508) could vary depending upon the R-R in-
terval between beats or the average R-R interval for an
electrogram segment. A simple technique for doing this
would vary the offsets Tpg and Tgr and the durations
Dpg and Dgy 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% de-
crease. This could automatically produce a 25% de-
crease in the values of Tpq, Tgt, Dpg and Dgr. Alter-
nately, the values for Tpq, Tg1, Dpg and Dgy 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 cardi-
osaver 5 to the programmer 68, a recent electrogram
segment from the recent electrogram memory 472. The
physician would then use the programmer 68 to select
the values of Tpq, Tst, Dpg @and Dgr 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 Tpq,
Tst1, Dpq and Dgr for each heart rate range or have the
cardiosaver 5 automatically adjust the values of Tpq,
Ts1, Dpq and Dgt based on the R-R interval for each
beat of any electrogram segment collected in the future
by the cardiosaver 5. It is also envisioned that only the
offset times, Tpq and Tgr, might be automatically ad-
justed and the durations Dpg and Dgt would be fixed so
that the average values of the ST and PQ segments Vpq
(512), Vg1 (514), V'pq (512") and V'g7 (514') would al-
ways use the same number of data samples for averag-
ing.

[0134] Anexample of asequence of steps used to cal-
culate the ST deviation 510 for the normal beat 500 are
as follows:

1. Identify the time Tg (509) for the peak of the R
wave for the beat 500,

2. Calculate the time since the previous R wave and
use that time to look up or calculate the values of
Teq, TsT:Dpq and Dt

3. Average the amplitude of the PQ segment 501
between the times (T - Tpg) and (Tr-Tpq *+ Dpg)
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to create the PQ segment average amplitude Vpq
(512),

4. Average the amplitude of the ST segment 505
between the times (Tg + Tg7) and (Tg+Tgr+Dg7) tO
create the ST segment average amplitude Vgt
(514),

5. Subtract Vpq (512) from Vg1 (514) to produce the
ST deviation AV (510) for the beat 500.

[0135] Although only one normal beat 500 is shown
here, there would typically be multiple beats saved in
the Y second long electrogram segments stored in the
recent electrogram memory 472 and the baseline elec-
trogram memory 474 of FIG. 4. At preset time intervals
during the day step 458 of FIG. 5 will run the baseline
parameter extraction subroutine 440 that will calculate
the "average baseline ST deviation" AVgagg defined as
the average of the ST deviations AV (510) for at least
two beats of a baseline electrogram segment. Typically
the ST deviation of 4 to 8 beats of the baseline electro-
gram segment will be averaged to produce the average
baseline ST deviation AVgpgE.

[0136] For each of "i" preset times during the day (at
a time interval of approximately 2W) an average
baseline ST deviation AVggg(i) will be calculated and
saved in the calculated baseline data memory 475 for
later comparison with the ST deviation AV (510) of each
beat of a recently collected electrogram. For example,
in a preferred embodiment of the present invention, the
average baseline ST deviation AVgage(i) is collected
once an hour and there are be 24 values of AVgagg(i)
(AVgasg(1), AVpasp(2) ... AVgagg(24)) stored in the
calculated baseline data memory 475 of FIG. 4. An
excessive ST shift for a single beat of a recently
collected electrogram segment is then detected when
the ST deviation AV for that beat shifts by more than a
predetermined threshold amplitude from the average
baseline ST  deviation = AVggge(i)  collected
approximately 24 hours before.

[0137] The ST shift of a given beat is calculated by
subtracting the appropriate averaged baseline ST devi-
ation AVgage (i) from the ST deviation AV for that beat.
Assuming the R-R interval indicates that the heart rate
for a beat is in the normal range then an excessive ST
shift for a single beat is detected if (AV - AVgagE (i) is
greater than the normal ST shift threshold H, 5,4 for the
normal heart rate range. The heart signal processing
program 450 of FIG. 5 requires that such an excessive
ST shift be positively identified in M out of N beats in
three successive recent electrogram segments before
the alarm subroutine 490 is activated. The threshold
Hhormal May be a fixed value that does not change over
time and is set at the time of programming of the cardi-
osaver 5 with the programmer 68 of FIG. 1.

[0138] In an embodiment, the threshold for detection
of excessive ST shift need not be fixed but can be cal-
culated as Hgr(i) from the i'th baseline electrogram seg-
ment stored in the baseline electrogram memory 474 of
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FIG. 4. To do this the difference between the amplitude
of the peak of the R wave V (503) and the average PQ
segment amplitude Vpq, (512) are calculated for each of
at least 2 beats of each baseline electrogram segment
by the baseline parameter extraction subroutine 440.
The average value AR(i) of this difference (Vg - Vpq) for
at least two beats of the i'th baseline electrogram seg-
ment can be used to produce a threshold for ST shift
detection Hg(i) that is proportional to the signal strength
of the i'th baseline electrogram segment. The advantage
of this technique is that, if the signal strength of the elec-
trogram changes slowly over time, the threshold Hg(i)
for ST shift detection will change in proportion.

[0139] Anembodiment of the present invention could
have a preset percentage Pgt that is multiplied by AR(i)
to obtain the threshold Hgr(i) = Pt X AR(i). Thus, the
threshold Hg(i) would be a fixed percentage of the av-
erage height of the R wave peaks over the ST segments
of the i'th baseline electrogram segment. For example,
if Pgtis 25% an excessive ST shift on a given beat would
be detected if the ST shift (AV - AVgage(i)) is greater
than the threshold Hg(i) where Hg(i) is 25% of the av-
erage PQ to R height AR(i) of the i'th baseline electro-
gram segment.

[0140] In an embodiment of the present invention
heart signal processing program 450 of FIG. 5, the value
X and Z can be both 20 seconds, Y is 10 seconds, 2W
is 60 minutes, U is 24 hours, W is 30 minutes, M is 6
and N is 8. Therefore the steps 457 and 469 of FIG. 5
will check for excessive ST shifts in 6 out of 8 beats from
of the Y=10 second long electrogram segment captured
every 30 seconds as compared with parameters extract-
ed from the baseline electrogram segment captured 24
+ % hour before. In this preferred embodiment baseline
electrogram segments are captured once per hour.
[0141] FIG. 7 illustrates an embodiment of the base-
line extraction subroutine 440. The subroutine 440 be-
gins in step 439 by saving in the i'th memory location in
baseline electrogram memory 474 of FIG. 4, the last Y
second long electrogram segment saved into the "Re-
cent" electrogram memory in step 454 of FIG. 5. This Y
seconds of electrogram data then becomes the baseline
electrogram segment for calculating parameters for de-
tection to be used during the 2W long period of time U
+ W minutes in the future.

[0142] Next in step 441 the baseline extraction sub-
routine 440 finds the R wave peak times Tg(j) for the 1st
through (N+2)th beat (j=1 through N+2) in the baseline
electrogram segment saved in step 439. This is a total
of N +2 beats. Each time Tg(j) is typically counted from
the beginning of the Y second long electrogram seg-
ment until the peak of the j'th R wave.

[0143] Next in step 442 the average R-R interval of
the i'th baseline electrogram segment RR(i) is calculat-
ed by averaging the R-R intervals for each of the N+1
beats (j=2 through N+2) where the R-R interval for beat
jis Tr() - Tr(j-1). For example, for beat 2, the R-R in-
terval is the time interval from the R wave peak of beat
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1 (the very first R wave) to the R wave peak of beat 2.
l.e. R-R intervals before and after each of the N beats
j=2 through j=N+1 are calculated. This step also identi-
fies any R-R intervals that are out of the "normal” range
as defined in the programming of the cardiosaver 5. In
an embodiment of the present invention, baseline data
may only be extracted from "normal" beats. A normal
beat is one in which the R-R interval both before and
after the R wave is in the "normal" range. This technique
is advantageous to use as a too short R-R interval be-
fore the R wave can affect the PQ segment amplitude
and a too short R-R interval after the R wave can affect
the ST segment amplitude, either of which could pro-
duce a false indication of excessive ST shift.

[0144] Nextin step 443 the offsets Tpq, Tg1,Dpq and
Dgt (see FIG. 6) are calculated. In one embodiment,
Tpq and Tgr are the percentages ¢pg and ¢gt multiplied
by the average R-R interval RR(i) respectively. This
technique will adjust the location of the start of the PQ
and ST segments to account for changes in heart rate.
The percentages ¢pq and ¢gt would be selected by the
patient's doctor based on "normal" electrogram seg-
ments analyzed by the programmer 68 of FIG. 1. Anoth-
er embodiment of the present invention uses fixed time
offsets Tpq and Tgy that are programmed by the pa-
tient's doctor. Similarly the duration of the PQ and ST
segments Dpq and Dyt (see FIG. 6) can be calculated
by multiplying the percentages dpq and 85t times the
average R-Rinterval RR(i) respectively. The percentag-
es Opq and dg7 would also be selected by the patient's
doctor using the programmer 68. The preferred embod-
iment of the present invention uses fixed segment du-
rations Dpq and Dgr that are programmed by the pa-
tient's doctor. Using fixed durations Dpq and Dgt has
the advantage of keeping the same number of samples
averaged in each calculation of the average PQ and ST
segment amplitudes Vpq and Vg respectively.

[0145] Next in step 444 for each of the N beats (j=2
through N+1) identified by step 422 as a normal beat,
Vpqli) the average of the PQ segment amplitude of the
j'th beat over the duration Dpq beginning Tpq before the
peak Tg(j) and Vg (j) the average ST segment ampli-
tude of the j'th beat over the duration Dg1 beginning Tgt
after the time Tg(j) are calculated. Similarly, step 444
calculates the peak T wave heights V(j).

[0146] For each beat the ST deviation AVgr (j) that is
the difference between Vgr(j) and Vpq(j) is then calcu-
lated in step 445. Similarly, step 445 calculates the T
wave deviation AV (j) that is the difference between V¢
(i) and Vp@(j). It should be noted that step 455 of FIG. 5
will only allow the baseline extraction subroutine to be
run if less than 2 too short beats are present, thus at
least N-2 of the N beats used for baseline data extraction
will be normal beats. Although there is a limit here of
less than 2 short beats, it is envisioned that other mini-
mum numbers of short beats than 2 might also be used.
[0147] Next in step 446 the ST deviation AVgy(j) for
all normal beats within the N beats is averaged to pro-
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duce the i'th average baseline ST deviation AVgage(i).
Similarly, in step 446 the T wave deviation AV+(j) for all
normal beats within the N beats is averaged to produce
the i'th average baseline T wave deviation ATgagg(i).
[0148] An alternate embodiment of the present inven-
tion would also check for excessive ST shift on each nor-
mal beat and exclude any such beats from the average
baseline ST deviation and T wave deviation calcula-
tions.

[0149] Next in step 447, AR(i) the average of the
height of the peak of the j'th R wave above the average
PQ segment Vpq(j) is calculated for the normal beats.
AR(i) acts as an indication of the average signal strength
of the i'th baseline electrogram segment. AR(i) is used
to provide a detection threshold for excessive ST shift
that will adapt to slow changes in electrogram signal
strength over time. This is of most value following im-
plant as the sensitivity of the electrodes 14 and 17 may
change as the implant site heals.

[0150] ATgase (i) can either be the average of the sig-
nal samples of the entire T waves or it can be the aver-
age of the peak amplitude of the T waves in the normal
beats. It is also envisioned, that if both ST and T wave
shift detection are used, a cardiac event could be de-
clared if either excessive ST shift or T wave shift detects
achange (this is preferred) or the program could require
that both excessive ST shiftand T wave shift be present.
[0151] Nextin step 448, the threshold for ST shift de-
tection for normal heart rates Hg1(i) is calculated by mul-
tiplying the programmed threshold percentage Pgy of
AR(i). Also in step 448, if the T wave shift detector is
being used, the threshold for T wave shift detection for
normal heart rates Hy(i) is calculated by multiplying the
programmed threshold percentage Py of AR(i).

[0152] Finally in step 449, the extracted baseline pa-
rameters AVpage(i), ATgage(i), AR(i), Hgr(i) and Hy(i)
are saved to the calculated baseline data memory 475.
The baseline extraction subroutine 440 has ended and
the program returns to the main heart signal processing
program 450 step 451 of FIG. 5.

[0153] One embodiment of ST shift and T wave shift
detection might use a baseline for ST shift detection that
is 24 + % hour before and a baseline for T wave shift
that is 1 to 4 minutes in the past. This would require that
the baseline extraction subroutine 440 be run for T wave
shift parameters approximately every 60 seconds and
for ST segment parameters every hour.

[0154] Although the baseline extraction subroutine
440 is described here as using the same "N" as the
number of beats processed as the ST shift detection
steps 457 and 469 of FIG. 5, it is envisioned that either
a greater or lesser number of beats could be used for
baseline extraction as compared with the number of
beats "N" checked for excessive ST shifts in FIG. 5.
[0155] Typical values used for the baseline extraction
subroutine 440 as shown in FIG. 7 would be N=8 to av-
erage the data over 8 beats using beats 2 through 9 of
the Y second long electrogram segment. However, it is
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envisioned that as few as 1 beat or as many as 100
beats or higher could be used to calculate the parame-
ters extracted by subroutine 440. Also even though the
preferred embodiment of the present invention extracts
baseline data only from "normal” beats, it is envisioned
that using all 8 beats would usually yield an acceptable
result.

[0156] Although the baseline extraction subroutine
440 shows the extraction of parameters for identifying
excessive ST shifts and T wave shifts, the cardiosaver
5 would function with either of these detection methods
or could use other techniques to measure the changes
in electrogram signals indicating one or more coronary
event.

[0157] FIG. 8 illustrates a preferred embodiment of
the alarm subroutine 490. The alarm subroutine 490 is
run when there have been a sufficient number of events
detected to warrant a major event cardiac alarm to the
patient. The alarm subroutine 490 begins with step 491
where the entire contents of both baseline electrogram
memory 474 and recent electrogram memory 472 of
FIG. 4 are saved into the event memory 476. This saves
the above mentioned electrogram data in a place where
it is not overwritten by new baseline or recent electro-
gram data to allow the patient's physician to review the
electrogram segments collected during a period of time
that occurred before the alarm. In an embodiment with
24 baseline electrogram segments collected once per
hour, and 8 recent electrogram segments collected eve-
ry 30 seconds, the physician will be able to review a sig-
nificant amount of electrogram data from the 4 minutes
just before the cardiac event as well as being able to
see any changes in the 24 hours before the event.
[0158] Next; in step 492 the internal alarm signal is
turned on by having the CPU 44 of FIG. 4 cause the
alarm sub-system 48 to activate a major event alarm sig-
nal.

[0159] Nextin step 493 the alarm subroutine instructs
the CPU 44 to send a major event alarm message to the
external alarm system 60 of FIG. 1 through the telemetry
sub-system 46 and antenna 35 of the cardiosaver 5 of
FIG. 4. The alarm message is sent once every L1 sec-
onds for L2 minutes. During this time step 494 waits for
an acknowledgement that the external alarm has re-
ceived the alarm message. After L2 minutes, if no ac-
knowledgement is received, the cardiosaver 5 of FIG. 1
gives up trying to contact the external alarm system 60.
If an acknowledgement is received before L2 minutes,
step 495 transmits alarm related data to the external
alarm system This alarm related data would typically in-
clude the cause of the alarm, baseline and last event
electrogram segments and the time at which the cardiac
event was detected.

[0160] Next in step 496, the cardiosaver 5 transmits
to the external alarm system 60 of FIG. 1 other data se-
lected by the patient's physician using the programmer
69 during programming of the cardiosaver. These data
may include the detection thresholds Hg+(i), H(i) and
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other parameters and electrogram segments stored in
the cardiosaver memory 47.

[0161] Once the internal alarm signal has been acti-
vated by step 492, it will stay on until the clock/timing
sub-system 49 of FIG. 4 indicates that a preset time in-
terval of L3 minutes has elapsed or the cardiosaver 5
receives a signal from the external alarm system 60 of
FIG. 1 requesting the alarm be turned off.

[0162] To save power in the implantable cardiosaver
5, step 496 might check once every minute for the turn
off signal from the external alarm system 60 while the
external alarm system 60 would transmit the signal con-
tinuously for slightly more than a minute so that it will
not be missed. It is also envisioned that when the alarm
is sent to the external alarm system 60, the internal clock
49 of the cardiosaver 5 and the external alarm system
60 can be synchronized so that the programming in the
external alarm system 60 will know when to the second,
that the cardiosaver will be looking for the turn off signal.
[0163] At this point in the alarm subroutine 490 step
497 begins to record and save to event memory 476 of
FIG. 4, an E second long electrogram segment every F
seconds for G hours, to allow the patient's physician
and/or emergency room medical professional to read
out the patient's electrogram over time following the
events that triggered the alarm This is of particular sig-
nificance if the patient, his caregiver or paramedic in-
jects a thrombolytic or anti-platelet drug to attempt to
relieve the blood clot causing the acute myocardial inf-
arction. By examining the data following the injection,
the effect on the patient can be noted and appropriate
further treatment prescribed.

[0164] In step 498 the alarm subroutine will then wait
until a reset signal is received from the physician's pro-
grammer 68 or the patient operated initiator 55 of the
external alarm system 60 of FIG. 1. The reset signal
would typically be given after the event memory 476 of
FIG. 4 has been transferred to a component of the ex-
ternal equipment 7 of FIG. 1. The reset signal will clear
the event memory 476 (step 499) and restart the main
program 450 at step 451.

[0165] If no reset signal is received in L6 hours, then
the alarm subroutine 490 returns to step 451 of FIG. 5
and the cardiosaver 5 will once again begin processing
electrogram segments to detect a cardiac event. If an-
other event is then detected, the section of event mem-
ory 476 used for saving post-event electrogram data
would be overwritten with the pre-event electrogram da-
ta from the new event. This process will continue until
all event memory is used. l.e. itis more important to see
the electrogram data leading up to an event than the
data following detection.

[0166] FIG. Sillustrates the function of the hi/low heart
rate subroutine 420. The hi/low heart rate subroutine is
meant to run when the patient's heart rate is below the
normal range (e.g. 50 to 80 beats per minute) or above
the elevated range that can occur during exercise (e.g.
80 to 140 beats per minute). A low heart rate (bradycar-
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dia) may indicate the need for a pacemaker and should
prompt a "SEE DOCTOR" warning to the patient if it
does not go away after a programmed period of time.
Very high heart rate can be indicative of tachycardia or
ventricular fibrillation and is serious if it does not quickly
go away and should warrant a major event alarm like a
detected AMI.

[0167] The hi/llow heart rate subroutine 420 begins
with step 421 where the electrogram segment of Y sec-
onds collected in steps 453 and 454 of FIG. 5 is saved
to the event memory 476 (step 421) because the pa-
tient's doctor may wish to know that the high or low heart
rate occurred. Once the Y second long electrogram seg-
ment is saved, step 422 of the hi/low heart rate subrou-
tine 420 directs the processing in different directions de-
pending on if the heart rate is too high, too low or un-
steady. If unsteady, the unsteady heart rate subroutine
410 illustrated in FIG. 12 is run. [fit is too high, step 423
increments the event counter k by 1, then step 424
checks whether the event counter k is equal to 3. Al-
though this embodiment uses k=3 events as the trigger
to run the alarm subroutine 490 it is envisioned that k =
1 or 2 or k values higher than 3 can also be used.
[0168] In step 424, If k=3 then the alarm subroutine
490 illustrated in FIG. 8 is run. If k less than 3 then in
step 425 the hi/low heart rate subroutine 420 waits for
"B" seconds and checks again in step 426 if the heart
rate is still too high. If the heart rate is still too high, the
hi/low heart rate subroutine 420 returns to step 423
where the event counter is incremented by 1. If the heart
rate remains high, the hi/low heart rate subroutine 420
will loop until k is equal to 3 and the alarm subroutine
490 is run. If the heart rate does not remain high in step
426, the hi/low heart rate subroutine 420 will return to
step 453 of the main heart signal processing program
450 illustrated in FIG. 5. ST shift amplitude is not
checked during the high heart rate section of the hi/low
heart rate subroutine 420 as the presence of a very high
heart rate could alter the detection of changes in ST and
PQ segments of the electrogram giving false indica-
tions. Very high heart rate is, by itself, extremely dan-
gerous to the patient and is therefore a major cardiac
event.

[0169] If in step 422, the heart rate is too low rather
than too high, the hi/low heart rate subroutine 420 will
proceed to step 431 where the Y second long electro-
gram segment is checked for an excessive ST shift in
the same way as step 457 of the main heart signal
processing program 450 illustrated in FIG. 5. In other
words, the ST deviation on M out of N beats must be
shifted at least Hg1(i) from the baseline average ST de-
viation AVgage(i) of the i'th baseline electrogram seg-
ment. If there is a detected excessive ST shift in step
431, the hi/low heart rate subroutine 420 returns to run
the ST shift verification subroutine 460 illustrated in FIG.
5.

[0170] If there is not an excessive ST shift detected
in step 431, step 432 causes the hi/low heart rate sub-
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routine 420 in step 432 to wait for "C" seconds then buff-
er and save a new Y second long electrogram segment
as in steps 453 and 454 of the main heart signal
processing program 450 of FIG. 5. Once the new Y sec-
ond long electrogram segment is collected, the hi/low
heart rate subroutine 420 checks in step 433 if the heart
rate is still too low. If it is no longer too low, the system
returns to step 455 of the main heart signal processing
program 450 illustrated in FIG. 5. If the heart rate re-
mains too low, then step 434 checks for an excessive
ST shift. If there is an excessive ST shift in step 434, the
hi/low heart rate subroutine 420 returns to run the ST
shift verification subroutine 460 of FIG. 5. If there is not
an excessive ST shift detected in step 434, step 435
causes the hi/low heart rate subroutine 420 in step 435
to wait for another "C" seconds then buffer and save an-
other Y second long electrogram segment as in steps
453 and 454 of the main heart signal processing pro-
gram 450 of FIG. 5. Once this Y second long electro-
gram segment is collected, the hi/low heart rate subrou-
tine 420 checks in step 436 if the heart rate is still too
low (for the 3rdtime). If it is no longer too low, the system
returns to step 455 of the main heart signal processing
program 450 of FIG. 5. If the heart rate remains too low,
then step 437 checks for an excessive ST shift. If there
is an excessive ST shiftin step 437, the hi/low heart rate
subroutine 420 returns to run the ST shift verification
subroutine 460 of FIG. 5. If there is not an excessive ST
shift detected in step 437, the step 438 saves the con-
tents of the most recently collected Y second long elec-
trogram segment and the to the event memory 476 for
later review by the patient's doctor.

[0171] If the hi/low heart rate subroutine 420 reaches
step 438 then the patient's heart rate has been too low
even after two waits of "C" seconds. Now the hi/low
heart rate subroutine 420 proceeds to step 427 to turn
on the internal "SEE DOCTOR" alarm signal. Step 427
also sends out to the external alarm system 60 of FIG.
1, a signal to activate the "SEE DOCTOR" alarm signal
of the external alarm system 60 that may include a text
or played speech message indicating the cause of the
alarm E.G. the external alarm system speaker 57 of FIG.
1 could emit warning tones and a text message could
be displayed or the speaker 57 might emit a spoken
warning message to the patient.

[0172] Note that during the checking for continued low
heart rate, ST shift amplitudes are still checked after
each wait because it is well known that low heart rate
can be a byproduct of an acute myocardial infarction.
[0173] Finally in step 428, the hi/low heart rate sub-
routine 420 will keep the "SEE DOCTOR" alarm signal
turned on for L4 minutes or until receipt of a signal from
the external alarm system 60 to turn off the alarm signal.
After the "SEE DOCTOR alarm signal is enabled, the
low heart rate limit, below which the hi/low heart rate
subroutine 420 is run, is changed by step 429 to be just
below the average heart rate measured in step 436.
Once the patient is warned to go see the doctor, addi-
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tional warnings will be annoying and therefore the low
rate limit is best changed. This allows the hi/low heart
rate subroutine 420 to then return to step 452 of the main
program where it will continue to monitor ST shift ampli-
tudes to provide early detection of acute myocardial in-
farction. Actual programming of the cardiosaver 5 may
use R-R interval instead of heart rate and it is under-
stood that either is sufficient and one can be easily com-
puted from the other.

[0174] FIG. 10illustrates the ischemia subroutine 480
that provides decision making for the cardiosaver 5 in
the event of an elevated heart rate such as that would
occur during exercise by the patient. The ischemia sub-
routine 480 uses a beat counter j to indicate the beat
within a Y second long electrogram segment. A beat is
defined as a sub-segment containing exactly one R
wave of the Y second long electrogram segment. The
ischemia subroutine 480 begins in step 481 by initializ-
ing the beat counter j to a value of 2. Then in step 482,
the R-R interval range A for the beat j is determined. For
example that there could be between 4 R-R interval
ranges A = 1to 4 of 750 to 670, 670 to 600, 600 to 500
and 500 to 430 milliseconds respectively. These would
correspond to heart rate intervals of 80 to 90, 90 to 100,
100to 120 and 120 to 140 beats per minute. The number
of ranges A and the upper and lower limit of each range
would be programmable by the patient's physician from
the programmer 68 of FIG. 1.

[0175] Next in step 483 the programmed ischemia
multiplier p(A) is retrieved from the programmable pa-
rameters 471 of FIG. 4. p(A) is the allowable factor in-
crease or decrease in ST shift detection threshold for
the R-R interval range A In other words, because the
patient may have some ischemia during elevated heart
rates from exercise, the patient's physician can program
W(A)s that are greater than | and might increase with
each successive heart rate range. For example, if the
R-R interval ranges are 750 to 670, 670 to 600, 600 to
500 and 500 to 430 milliseconds the corresponding p
(A)s might be 1.1, 1.2, 1.3 and 1.5. This would require
that the ST shift in the R-R interval range of A=4 (500
to 430 milliseconds) be one and a half times as large as
during normal heart rates in order to qualify as a cardiac
event. Itis envisioned that the patient could undergo an
exercise stress test at a time after implant when the im-
planted leads have healed into the wall of the heart and
electrogram segments captured by the cardiosaver 5
during that stress test would be reviewed by the patient's
physician to determine the appropriate range intervals
and ischemia multipliers to help identify a worsening of
the patient's exercise induced ischemia from the time
when the stress test is conducted.

[0176] It is also envisioned that in order to detect
smaller changes in vessel narrowing than a full acute
myocardial infarction, the cardiosaver 5 of FIGs. 1 - 4
might use (A)s that are less than one. For example, if
the R-R interval ranges are 750 to 670, 670 to 600, 600
to 500 and 500 to 430 milliseconds the corresponding
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L(A)s might be 0.5, 0.6, 0.7 and 0.8. Thus in this exam-
ple, in the R-R interval range of 750 to 670 milliseconds,
the threshold for ischemia detection would be half of
what it is for the normal heart rate range.

[0177] Once the ischemia multiplier has been re-
trieved, step 484 calculates the ischemia ST shift
threshold 6(A) for the R-R interval range A where 6(A)
= Hg1(i) x w(A) where Hgr(i) is the current ST shift
threshold for normal heart rates. Next in step 485, the
ischemia subroutine 480 checks if for the beat j the ST
shift is greater than the ischemia threshold 8(A). If it is
not greater, step 487 then checks if the N'th beat has
been examined. If the ST shift of the j'th beat exceeds
the ischemia threshold 8(A) then step 486 checks if M
beats with ST shifts greater than 6(A) have been seen.
If they have not been seen proceed to step 487. If in
step 487, the Nth beat has been examined, return to
step 451 of the main heart signal processing program
450 of FIG. 5. If N beats have not yet been examined,
increment j by 1 in step 489 and loop back to step 482.
[0178] If M beats with excessive ST shift are found by
step 486, step 581 saves the current Y second long elec-
trogram segment to the Event Memory 476, then in step
582 the event counter k is incremented by 1 followed by
step 583 checking if k is equal to 3. If k is less than 3
then the ischemia subroutine 480 continues by sleeping
for Z seconds in step 584, then buffering a new Y second
long electrogram segment in step 585, saving in step
586 the new Y second long electrogram segment to the
next location in recent electrogram memory 472 of FIG.
4. and then checking if the heart rate is still elevated in
step 587. If the heart rate is still elevated in step 587,
the loop checking for ischemia is run again starting with
step 481. If the heart rate is no longer elevated then step
588 checks if the heart rate is too high, too low or un-
steady. If such is the case, the hi/low heart rate subrou-
tine 420 is run. If the heart rate is not high, low or un-
steady, the ischemia subroutine 480 ends and the pro-
gram returns to step 469 of the ST shift verification sub-
routine 460 of FIG. 5. This will allow an excessive ST
shift detected at elevated heart rate that stays shifted
when the heart rate returns to normal to quickly trigger
the AMI alarm. This works because k is either 1 or 2 at
this point so either 2 or 1 more detection of excessive
ST shift with normal heart rate will cause a major event
AMI alarm If however k=3 in step 582, then the last de-
tection of excessive ST shift occurred during an elevat-
ed heart rate and will be treated as exercise induced
ischemia rather than an acute myocardial infarction.
[0179] So if k=3 (i.e. exercise induced ischemia has
been detected) in step 582 the ischemia subroutine 480
moves on to step 681 where it checks if it has been more
than L5 minutes since the first time that exercise in-
duced ischemia was detected where k=3 in step 583.
[0180] If it has been less than L5 minutes since the
first detection of exercise induced ischemia then the in-
ternal SEE DOCTOR alarm signal is turned on by step
682 if it has not already been activated.
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[0181] If it has been more than L5 minutes, then the
alarm subroutine 490 is run. This will change the SEE
DOCTOR alarm signal previously started in step 682 to
a major event AMI alarm if the excessive ST shift at an
elevated heart rate does not go away within L5 minutes.
Similarly, if the patient stops exercising and his heart
rate returns to normal but the excessive ST shift re-
mains, then the alarm subroutine 490 will also be run.
[0182] Ifithas been less than L5 minutes and the SEE
DOCTOR alarm signal has not been already been acti-
vated, step 683 next sends a message to the external
alarm system 60 of FIG. 1 to activate the SEE DOCTOR
external alarm signal and indicate to the patient by a text
of spoken message that he should stop whatever he is
doing, and sit or lie down to get his heart rate to return
to normal. Following this, in step 684 the ischemia sub-
routine 480 will keep the SEE DOCTOR alarm signal on
for L4 minutes from the first time it is turned on or until
the receipt of an off signal from the alarm disable button
59 of the external alarm system 60 of FIG. 1. The pro-
gram then returns to step 451 of the main program 451
of FIG. 5 to continue to examine the patient's heart sig-
nals.

[0183] FIG. 11 diagrams the alarm conditions 600 that
are examples of the combinations of major and minor
events that can trigger an internal alarm signal (and/or
external alarm signal for the guardian system of FIG. 1.
Box 610 shows the combinations 611 through 617 of
major cardiac events that can cause the alarm subrou-
tine 490 to be run. These include the following:

611. 3 ST shift events (detections of excessive ST
shift) with either a normal heart rate or a low heart
rate.
612. 2 ST shift events with a normal or low heart
rate and 1 event from heart rate too high.
613. 1 ST shift event with a normal or low heart rate
and 2 events from heart rate too high.
614. 3 events from heart rate too high.
615. 3 ST shift events with either a normal, low or
elevated heart rate (ischemia) where the last detec-
tion is at a normal or low heart rate.
616. 3 events (excessive ST shift or high heart rate)
where the last event is high heart rate.
617. An ischemia alarm indication from conditions
in box 620 that remains for more than L5 minutes
after the first detection of ischemia.
[0184] The ischemia alarm conditions 620 include:
621. 3 ST shift events with either a normal, low or
elevated heart rate (ischemia) where the last detec-
tion is at an elevated heart rate.
622. Any 3 events including a too high heart rate
event where the last detection is an excessive ST
shift at an elevated heart rate.

[0185] If either of the ischemia alarm conditions 620
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is met and it is less than L5 minutes since the exercise
induced ischemia was first detected, then the SEE
DOCTOR alarm signal will be turned on by step 682 of
the ischemia subroutine 480 if it has not already been
activated.

[0186] Box 630 shows the other minor event alarm
conditions including the bradycardia alarm condition
632 that is three successive electrogram segments col-
lected with heart rate too low and the unsteady heart
rate alarm condition 635 that is caused by more than
Punsteady% Of beats having a too short R-R interval.
These will trigger the SEE DOCTOR alarm signal initi-
ated by step 427 of the hi/low heart rate subroutine 420
for the bradycardia alarm condition 632 and step 416 of
the unsteady hart rate subroutine 410 for the unsteady
heart rate alarm condition 635. Also triggering the SEE
DOCTOR alarm signal is a low battery condition 636.
[0187] FIG. 12 is a block diagram illustrating the un-
steady heart rate subroutine 410. The subroutine 410 is
run if the R-R interval varies greatly over many of the
beats inthe Y second long electrogram segment collect-
ed by steps 453 and 454 of the main heart signal
processing program 450. As previously described, one
technique for identifying such an unsteady heart rate is
to compare the two shortest R-R intervals and the 2
longest intervals. If the difference between the both of
the two shortest and the average of the two longest R-R
intervals are more than a programmed percentage o,
an unsteady heartrate is identified. For example the pro-
grammed percentage o. might be 25% so that if the two
shortest R-Rintervals are each more than 25% less than
the average of the two longest R-R intervals, then the
heart rate is unsteady. It is envisioned that if a longer
time Y is used for electrogram segment collection then
it might require 3 or more "short " beats to indicated an
unsteady heart rate. If there is zero or one short beat,
the main heart signal processing program 450 will move
on to step 456 having marked all of the "normal" beats
in the Y second long electrogram segment. A normal
beat is defined as a beat including where the R-R inter-
vals before and after the R wave are both in the normal
range (i.e. not too short).

[0188] The unsteady heartrate subroutine 410 begins
in step 411 by checking for at least N normal beats in
the most recently collected electrogram data. When the
subroutine begins there is only one Y second long elec-
trogram segment being examined. If there are not N nor-
mal beats, then an additional Y second long electrogram
segment is collected in step 412. Step 411 then will
check for N normal beats in the two Y second long elec-
trogram segments (i.e. 2Y seconds of electrogram da-
ta). This loop of steps 411 and 412, where each time Y
additional seconds of electrogram is collected, will con-
tinue until N normal beats are found.

[0189] Itis envisioned that step 411 could also check
for beats with elevated heart rate R-R intervals or might
include elevated heart rate beats as "normal" beats by
expanding the allowed range of the R-R interval for a
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normal beat. Once N "normal" beats are found by step
411, then step 413 checks for an excessive ST shift in
M out of the N normal beats similar to step 457 of FIG.
5. Step 413 could also (as in step 457 of FIG. 5) look for
an excessive T wave shift. If an excessive ST shift (and/
or T wave shift) is detected by step 413, the program
returns to the ST shift verification subroutine 460 of FIG.
5.

[0190] If excessive ST shift (and/or T wave shift) are
not detected by step 413, then step 414 checks if more
than Pngteady % Of all the beats (not just the normal
beats) in the electrogram data collected have a too short
R-R interval as defined above by the programmed pa-
rameter a. If not the program returns to step 451 of the
main heart signal processing program 450 of FIG. 5. If,
however, more than P ,teaqy % Of the beats have a short
R-R intervals, then step 415 saves all the current elec-
trogram data to event memory 476 of FIG. 4 and step
416 turns on the SEE DOCTOR alarm signal with the
internal alarm sub-system 48 of FIG. 4 and also initiates
an external alarm signal by the external alarm system
60 of FIG. 1 with a text or spoken message to the patient
indicating that the SEE DOCTOR alarm signal is the re-
sult of detection of unsteady heart rate. As in the case
of other SEE DOCTOR alarm signals, step 417 will keep
the "See Doctor" alarm mechanism turned on for L4 min-
utes or until receipt of a signal from the external alarm
system 60 to turn off the alarm.

[0191] FIG. 13 shows a modified embodiment of the
guardian system 510. The cardiosaver implant 505 with
lead 512, electrode 514, antenna 516, header 520 and
metal case 511 would be implanted subcutaneously in
a patient at risk of having a serious cardiac event such
as an acute myocardial infarction. The lead 512 could
be placed either subcutaneously or into the patient's
heart. The case 511 would act as the indifferent elec-
trode. The system 510 also included external equipment
that includes a physician's programmer 510 an external
alarm transceiver 560 and a pocket PC 540 with charger
566. The external alarm transceiver 560 has its own bat-
tery 561 and includes an alarm disable button 562 radi-
ofrequency transceiver 563, speaker 564 ,antenna 565
and standard interface card 552. The cardiosaver 505
has the same capabilities as the cardiosaver 5 of FIGs.
1 through 4.

[0192] The standardized interface card 552 of the ex-
ternal alarm transceiver 510 can be inserted into a
standardized interface card slot in a handheld or laptop
computer. The pocket PC 540 is such a handheld com-
puter. The physician's programmer 510 is typically a lap-
top computer. Such standardized card slots include
compactflash card slots, PCMCIA adapter (PC adapter)
card slots, memory stick card slots, Secure Digital (SD)
card slots and Multi-Media card slots. The external
alarm transceiver 510 is designed to operate by itself as
a self-contained external alarm system, however when
inserted into the standardized card slot in the pocket PC
540, the combination forms an external alarm system
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with enhanced functionality. For example, in stand alone
mode without the pocket PC 540, the external alarm
transceiver 560 can receive alarm notifications from the
cardiosaver implant 505 and can produce an external
alarm signal by generating one or more sounds through
the speaker 564. These sounds can wake the patient
up or provide additional alerting to that provided by the
internal alarm signal generated by the cardiosaver 505.
The alarm disable button 562 can acknowledge and turn
off both external and internal alarm signals. The stan-
dalone external alarm transceiver 560 therefore pro-
vides key functionality could be small enough to wear
on a chain around the neck or on a belt.

[0193] When plugged into the pocket PC 540, the ex-
ternal alarm transceiver 560 can facilitate the display of
text messages to the patient and electrogram data that
is transmitted from the cardiosaver 505. The pocket PC
540 also enables the patient operated initiator 55 and
panic button 52 capabilities of the external alarm system
60 of FIG. 1. Being a pocket PC also readily allows con-
nection to wireless communication capabilities such as
wireless internet access that will facilitate retransmis-
sion of data to a medical practitioner at a geographically
remote location. It is also envisioned that the charger
566 could recharge the batter 551 when the external
alarm adaptor 560 is plugged into the pocket PC 540.
[0194] The external alarm transceiver 560 can also
serve as the wireless two-way communications inter-
face between the cardiosaver 505 and the programmer
510. The physician's programmer 510 is typically a lap-
top computer running some version of the Microsoft
Windows operating system As such, any or the above
standardized slot interfaces can be either directly inter-
faced to such a laptop computer or interfaced using a
readily available conversion adaptor. For example, al-
most all laptop computers have a PCMCIA slot and PC-
MCIA card adaptors are available for compact flash
cards, Secure Digital cards etc. Thus the external alarm
adaptor 560 could provide the interface to the physi-
cian's programmer 510. This provides additional secu-
rity as each cardiosaver implant 505 and external alarm
adaptor 560 could be uniquely paired with built in secu-
rity codes so that to program the implant 505, the phy-
sician would need the patient's external alarm adaptor
560 that would act both as a wireless transceiver and
as a security key.

[0195] Although the guardian system 10 as described
herein could clearly operate as a stand-alone system, it
is clearly conceivable to utilize the guardian system 10
with additional pacemaker or implanted defibrillator cir-
cuitry. As shown in FIG. 4, pacemaker circuitry 170 and/
or defibrillator circuitry 180 could be made part of any
cardiosaver 5 or 505. Furthermore, two separate devic-
es (one pacemaker or one defibrillator plus one cardi-
osaver 5) could be implanted within the same patient.
[0196] FIG. 14 illustrates a preferred physical embod-
iment of the external alarm transceiver 560 having
standardized interface card 552, alarm disable button
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562 labeled "ALARM OFF" and speaker 564. It is also
envisioned that by depressing and holding the alarm dis-
able button 562 for a minimum length of time, when
there is not an alarm, the external alarm transceiver
could verify the operational status of the cardiosaver
505 and emit a confirming sound from the speaker 564.
[0197] FIG. 15 illustrates the physical embodiment of
the combined external alarm transceiver 560 and pocket
PC 540 where the standardized interface card 552 has
been inserted into a matching standardized interface
card slot the pocket PC 540. The screen 542 of the pock-
et PC 540 shows an example of the display produced
by an external alarm system following the detection of
an acute myocardial infarction by the cardiosaver 505.
The screen 542 of FIG. 15 displays the time of the alarm,
the recent electrogram segment from which the cardiac
event was detected and the baseline electrogram seg-
ment used for comparison in the cardiac event detec-
tion. Such a display would greatly facilitate diagnosis of
the patient's condition upon arrival at an emergency
room and could eliminate the need for additional elec-
trocardiogram measurements before the patient is treat-
ed.

[0198] Although throughout this specification all pa-
tients have been referred to in the masculine gender, it
is of course understood that patients could be male or
female. Furthermore, although the only electrogram in-
dications for an acute myocardial infarction that are dis-
cussed herein are shifts involving the ST segment and
T wave height, it should be understood that other chang-
es in the electrogram (depending on where in the heart
the occlusion has occurred and where the electrodes
are placed) could also be used to determine that an
acute myocardial infarction is occurring. Furthermore,
sensors such as heart motion sensors, or devices to
measure pressure, pO, or any other indication of an
acute myocardial infarction or cardiac events could be
used independently or in conjunction with a ST segment
or T wave shift detectors to sense a cardiac event.
[0199] It is also envisioned that all of the processing
techniques described herein for an implantable cardi-
osaver are applicable to a guardian system configura-
tion using skin surface electrodes and a non-implanted
cardiosaver 5 the term electrogram would be replaced
by the term electrocardiogram Thus the cardiosaver de-
vice described in FIGs. 5 through 12 would also function
as a monitoring device that is completely external to the
patient.

[0200] According to one aspect of the invention as de-
scribed herein, there is provided a system for detecting
a cardiac event in a human patient, the system includ-
ing: means for capturing a signal segment from an elec-
trical signal derived from the patient's heart; and means
for identifying said cardiac event by comparing at least
one heart signal parameter in said signal segment to at
least one reference parameter.

[0201] Other aspects of the invention described here-
in are summarised in the following numbered clauses.
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1. A system for detecting a cardiac eventin a human
patient the system including:

at least two electrodes implanted in the patient
for obtaining the electrical signal from the pa-
tient's heart, the electrical signal being an elec-
trogram;

an implanted cardiosaver including

(a) analog-to-digital converter circuitry for
digitizing the electrogram to produce elec-
trogram segments having a time duration
that is at least 1 second;

(b) means for processing a first electro-
gram segment at a first predetermined time
to extract at least one baseline heart signal
parameter of the patient;

(c) memory means for storing the at least
one baseline heart signal parameter;

(d) means for processing a second electro-
gram segment at a later, second predeter-
mined time to extract at least one heart sig-
nal parameter of the patient; and,

(e) processor means coupled to the mem-
ory means designed to detect the cardiac
eventwhen the at least one heart signal pa-
rameter extracted at the second predeter-
mined time shifts by more than a predeter-
mined threshold amplitude from the at least
one baseline heart signal parameter ex-
tracted at the first predetermined time.

2. The system of clause 1 where the cardiac event
is an acute myocardial infarction.

3. The system of clause 1 where one heart signal
parameter is the average voltage of the ST seg-
ments of one or more beats of the electrogram seg-
ments.

4. The system of clause 1 where one heart signal
parameter is the ST deviation of one or more beats
of the electrogram segments.

5. The system of clause 1 where one heart signal
parameter includes the voltage amplitude of the T
wave of one or more beats of the electrogram seg-
ments.

6. The system of clause 1 further including memory
means within the implanted cardiosaver for storing
the first electrogram segment.
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7. The system of clause 1 further including memory
means within the implanted cardiosaver for storing
the second electrogram segment.

8. The system of clause 1 further including an alarm
sub-system within the implanted cardiosaver, the
alarm sub-system having the capability to warn the
patient that the cardiac event has occurred.

9. The system of clause 1 further including two-way
wireless communications means between the im-
planted cardiosaver and an external device.

10. The system of clause 9 where the external de-
vice is an external alarm system capable of produc-
ing an audible external alarm signal.

11. The system of clause 10 where the external
alarm system further includes means to turn off the
audible external alarm signal.

12. The system of clause 10 further including an
alarm sub-system within the implanted cardiosaver,
the alarm sub-system having the capability to warn
the patient that the cardiac event has occurred.

13. The system of clause 1 further including means
for extracting one heart signal parameter from a
third electrogram segment at a third predetermined
time and processor means coupled to the memory
means programmed to detect the cardiac event
when the one heart signal parameter extracted at
both the second and third predetermined times
shifts by more than a predetermined threshold am-
plitude from the same one baseline heart signal pa-
rameter extracted a the first predetermined time.

14. The system of clause 13 further including
means for extracting one heart signal parameter
from a fourth electrogram segment at a fourth pre-
determined time and processor means coupled to
the memory means programmed to detect the car-
diac event when the one heart signal parameter ex-
tracted at the second, third and fourth predeter-
mined times shifts by more than a predetermined
threshold amplitude from the same one baseline
heart signal parameter extracted a the first prede-
termined time.

15. The system of clause 14 where the interval be-
tween the second predetermined time and the third
predetermined time is more than 10 seconds.

16. The system of clause 1 where at least one of
the electrodes is located within the heart.

17. The system of clause 16 where the electrode
located within the heart is located within the right
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ventricle.

18. The system of clause 16 where the electrode
located within the heart is located within the right
atrium.

19. The system of clause 1 where at least one of
the electrodes is located outside of the heart.

20. The system of clause 1 where at least one elec-
trode is located subcutaneously.

21. The system of clause 20 where at least one sub-
cutaneously located electrode is located on the pa-
tient's left side.

22. The system of clause 1 where the cardiac event
is ischemia occurring at an elevated heart rate, the
elevated heart rate is a heart rate being greater than
a predetermined rate that is programmed into the
implanted cardiosaver.

23. The system of clause 1 where the electrogram
segments are less than 30 seconds long.

24. The system of clause 1 where the electrogram
segments are more than 4 seconds long.

25. The system of clause 1 where the interval be-
tween the first predetermined time and the second
predetermined time is between 20 and 28 hours.

26. The system of clause 1 where the cardiac event
is a very rapid heart rate, the very rapid heart rate
is a heart rate being greater than a predetermined
rate that is programmed into the implanted cardi-
osaver.

27. The system of clause 1 where the cardiac event
is a very slow heart rate, the very slow heart rate is
a heart rate being less than a predetermined rate
that is programmed into the implanted cardiosaver.

28. The system of clause 1 where the cardiac event
is an unsteady heart rate.

29. The system of clause 1 where a cardiac event
is detected only if the shift by more than a selective
threshold amplitude of the at least one heart signal
parameter occurs in a majority of the beats of the
second electrogram segment processed at the sec-
ond predetermined time.

30. The system of clause 1 further including means
to exclude from processing any baseline electro-
gram segment that is not indicative of the patient's
normal heart signal.
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31. The system of clause 30 where the normal heart
signal has an average heart rate that is less than a
preset limit.

32. The system of clause 30 where the normal heart
signal within the baseline electrogram segment has
no more than two shortened beats having an R-R
interval less than a preset limit.

33. The system of clause 30 where the normal heart
signal has an average R-R interval that is less than
a preset limit.

34. The system of clause 30 where the normal heart
signal has an average R-R interval that is greater
than a preset limit.

35. The system of clause 1 where one baseline
heart signal parameter is the average value of a per-
beat heart signal parameter for at least two beats
of the first electrogram segment at the first prede-
termined time.

36. The system of clause 1 where one baseline
heart signal parameter is the average value of a per-
beat heart signal parameter for at least two normal
beats of the first electrogram segment at the first
predetermined time..

37. The system of clause 36 where a normal beat
is determined by having an R-R interval that is less
than a preset time period.

38. The system of clause 36 where a normal beat
is determined by having an R-R interval that is
greater than a preset time period.

39. The system of clause 36 where a normal beat
is determined by having an ST deviation that is less
than a preset threshold.

40. A system for identifying a cardiac event in a hu-
man patient including:

at least two electrodes implanted in the patient
for obtaining the electrical signal from the pa-
tient's heart, the electrical signal being an elec-
trogram;

an implanted cardiosaver including

(a) analog-to-digital converter circuitry for
digitizing the electrogram to produce elec-
trogram segments having a time duration
that is at least 1 second;

(b) memory means designed to store a
baseline electrogram segment at a first
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predetermined time;

(c) memory means designed to store a re-
cently collected electrogram segment at a
second predetermined time at a time that
is later than the first predetermined time;

(d) processor means coupled to said mem-
ory means for comparing the recently col-
lected electrogram segment stored in the
memory means at the second predeter-
mined time with the baseline electrogram
segment stored in the memory means at
the first predetermined time; and,

(e) means for identifying that the cardiac
event has occurred when ST deviation of
at least one beat of the recently collected
electrogram segment shifts by more than a
predetermined amplitude from the average
ST deviation of at least two beats of the
baseline electrogram segment.

41. The system of clause 40 where the cardiac
event is an acute myocardial infarction.

42. The system of clause 40 further including an
alarm sub-system within the implanted cardiosaver
with the capability to warn the patient that a cardiac
event has occurred.

43. The system of clause 42 where the alarm sub-
system includes produces an internal alarm signal
that is selected from the group consisting of a me-
chanical vibration, an audible sound or a subcuta-
neous electrical tickle.

44. The system of clause 40 further including mem-
ory means for storage of electrogram segments at
one or more additional predetermined times and
processor means for comparing the electrogram
segments at the additional predetermined times
with the baseline electrogram segment.

45. The system of clause 40 where at least one of
the electrodes is located within the heart.

46. The system of clause 45 where the at least one
electrode located within the heart is located within
the right ventricle.

47. The system of clause 45 where the at least one
electrode located within the heart is located within
the right atrium.

48. The system of clause 40 where at least one of
the electrodes is located outside of the heart.
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49. The system of clause 48 where at least one
electrode is located in the superior vena cava.

50. The system of clause 40 where at least one of
the electrodes is located subcutaneously.

51. The system of clause 50 where a subcutane-
ously located electrode is located on the patient's
left side.

52. The system of clause 40 where the electrogram
segments are less than 30 seconds long.

53. The system of clause 40 where the electrogram
segments are more than 4 seconds long.

54. The system of clause 40 where the interval be-
tween the first predetermined time and the second
predetermined time is between 20 and 28 hours.

55. The system of clause 40 where the cardiac
event is ischemia occurring at an elevated heart
rate, the elevated heart rate being greater than a
predetermined rate that is programmed into the im-
planted cardiosaver.

56. The system of clause 40 where a cardiac event
is detected when the ST deviation of a majority of
the beats of the recently collected electrogram seg-
ment shift by more than a predetermined amplitude
from the average ST deviation of at least two beats
of the baseline electrogram segment.

57. The system of clause 40 where a cardiac event
is detected when the ST deviation of at least two
thirds of the beats of the recently collected electro-
gram segment shift by more than a predetermined
amplitude from the average ST deviation of at least
two beats of the baseline electrogram segment.

58. The system of clause 40 where a cardiac event
is detected when the ST deviation of at least 6 out
of 8 beats of the recently collected electrogram seg-
ment shift by more than a predetermined amplitude
from the average ST deviation of at least two beats
of the baseline electrogram segment.

59. The system of clause 40 further including
means for calculating the R-R interval between suc-
cessive beats of each electrogram segment.

60. The system of clause 40 further including
means to exclude from processing any baseline
electrogram segment that is not indicative of the pa-
tient's normal heart signal.

61. The system of clause 60 where the normal heart
signal has an average heart rate that is less than a
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preset limit.

62. The system of clause 60 where the normal heart
signal within the baseline electrogram segment has
no more than two shortened beats having an R-R
interval less than a preset limit.

63. The system of clause 60 where the normal heart
signal has an average R-R interval that is less than
a preset limit.

64. The system of clause 60 where the normal heart
signal has an average R-R interval that is greater
than a preset limit.

65. A system for notifying a patient that a cardiac
event has been detected, the system including:

an implanted device designed to detect the car-
diac event;

alarm means that actuates an internal alarm
signal from the implanted device to notify the
patient when the implanted device detects the
cardiac event, and

an external alarm system having two-way wire-
less communication to and from the implanted
device, the external alarm system including
means to turn off the internal alarm signal.

66. The system of clause 65 where the internal
alarm signal is selected from the group consisting
of a mechanical vibration, an audible sound or a
subcutaneous electrical tickle.

67. The system of clause 65 further including timing
means to turn off the internal alarm signal after a
preset time.

68. The system of clause 65 where the cardiac
event is a heart attack

69. The system of clause 68 where the implanted
device is designed to process electrical signals from
the patient's heart and the heart attack is detected
by identification of an excessive ST shift in the elec-
trical signals from the patient's heart.

70. The system of clause 65 where the cardiac
event is an arrhythmia.

71. The system of clause 70 where the arrhythmia
is selected from the group consisting of tachycardia,
bradycardia, unsteady heart rate, bigeminal
rhythm, premature ventricular contractions, prema-
ture atrial contractions and atrial fibrillation.
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72. The system of clause 65 where the cardiac
event is exercise induced ischemia.

73. The system of clause 65 where the external
alarm system further includes means to verify the
operational status of the implanted device.

74. The system of clause 65 where the implanted
device actuates an external alarm signal produced
by the external alarm system when a cardiac event
is detected, the external alarm system also includ-
ing means to turn off the external alarm signal.

75. The system of clause 74 further including timing
means to turn off the external alarm signal after a
preset time.

76. The system of clause 65 where there are at least
two different internal alarm signals.

77. The system of clause 76 where at least one of
the internal alarm signals is "See Doctor" alarm in-
dicating that the patient should contact his doctor.

78. The system of clause 76 where at least one of
the internal alarm signals is a patient warning to im-
mediately seek medical attention.

79. The system of clause 65 where the external
alarm system also includes means to provide a
warning message to the patient by a text display.

80. The system of clause 65 where the external
alarm system includes means to provide a warning
message to the patient by a speech message.

81. A system for detecting a cardiac event from the
electrogram of a patient's heart as measured by im-
plantable electrodes, the system including:

(a) electrical circuitry means for determining
the time of occurrence of an R wave of the elec-
trogram;

(b) processor means for calculating the time pe-
riod between successive R waves, that time pe-
riod being called an R-R interval;

(c) processor means for calculating the aver-
age signal amplitude of at least one sub-seg-
ment of the electrogram occurring within the
R-R interval, the sub-segment having a start
time and a time duration;

(d) means for adjusting the start time and/or
time duration of the sub-segment responsive to
the calculated R-R interval; and,
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(e) processing means for detecting that the car-
diac event has occurred by comparing the av-
erage signal amplitude of at least one sub-seg-
ment of atleast one beat of the electrogram with
a predetermined threshold amplitude.

82. The system of clause 81 where the cardiac
event is an acute myocardial infarction.

83. The system of clause 81 where the cardiac
event is exercise induced ischemia.

84. The system of clause 81 where the sub-seg-
ment of the electrogram includes at least a portion
of the ST segment of the electrogram.

85. The system of clause 81 where the sub-seg-
ment of the electrogram includes at least a portion
of the PQ segment of the electrogram.

86. The system of clause 81 where the sub-seg-
ment of the electrogram includes the peak of the T
wave.

87. The system of clause 81 further including
means to exclude any beat where the R-R interval
is shorter than a predetermined time period from the
processing means for detecting a cardiac event.

88. The system of clause 87 where the predeter-
mined time period is less than 60 milliseconds.

89. A system for detecting a cardiac event from the
electrogram of a patient's heart as measured by im-
plantable and/or skin surface electrodes, the sys-
tem including:

(a) electrical circuitry means for determining
the time of occurrence of an R wave of the elec-
trogram;

(b) processor means for calculating the time pe-
riod between successive R waves, that time pe-
riod being called an R-R interval;

(c) processor means for calculating the aver-
age signal amplitude of the ST segment and the
average signal amplitude of the PQ segment of
the electrogram occurring within the R-R inter-
val, the sub-segment having a start time and a
time duration;

(d) means for adjusting the start time and/or
time duration of the ST segment responsive to
the calculated R-R interval;

(e) means for calculating an ST deviation by
subtracting the average signal amplitude of the
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PQ segment from the average signal amplitude
of the ST segment; and,

(f) processing means for detecting that the car-
diac event has occurred by comparing the am-
plitude of the ST deviation of at least one beat
of the electrogram with a predetermined thresh-
old amplitude.

90. The system of clause 89 where the processing
means detects that a cardiac event has occurred
when the amplitude of the ST deviation measured
at a second time exceeds the amplitude of a base-
line ST deviation at a first time by an amount that is
greater than the predetermined threshold ampli-
tude.

91. The system of clause 90 where the first time oc-
curs at least 30 minutes before the second time.

92. The system of clause 90 where the first time oc-
curs between 23 and 25 hours before the second
time.

93. A method for detecting that a cardiac event has
occurred, the method including the following steps:

(a) implanting at least two electrodes within a
human subject at locations designed to pick up
an electrical signal from a patient's heart, the
electrical signal being an electrogram;

(b) connecting the at least two electrodes to an
implanted cardiosaver device that is designed
to digitize the electrogram, the cardiosaver de-
vice also having electrical circuitry means for
creating electrogram segments having a dura-
tion of at least 1 second;

(c) using a physician's programmer to program
the cardiosaver to process and store in memory
baseline electrogram segments at specified
times throughout each and every day;

(d) programming specific times when the cardi-
osaver will collect, process and place in mem-
ory recent electrogram segments that occur af-
ter the baseline electrogram segment has been
placed in memory;

(e) programming the cardiosaver to detect that
the cardiac event has occurred when the am-
plitude of the ST deviation of at least one beat
of arecent electrogram segment shifts by more
than a predetermined amplitude as compared
with the average ST deviation of at least two
beats of the baseline electrogram segment.
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94. The method of clause 93 where the specified
times for baseline electrogram segment processing
are preset within the cardiosaver and do not need
to be programmed.

95. The method of clause 93 where the specified
times for processing and storing baseline electro-
gram segments are at a set time interval.

96. The method of clause 95 where the set time in-
terval is between 30 minutes and 90 minutes.

97. The method of clause 95 where the set time in-
terval is approximately 60 minutes.

98. The method of clause 93 where the interval at
which the cardiosaver will process recent electro-
gram segments is preset within the cardiosaver and
does not need to be programmed.

99. The method of clause 98 where the preset time
interval for processing recent electrogram seg-
ments is less than approximately 2 minutes.

100. The method of clause 98 where the preset time
interval for processing recent electrogram seg-
ments is approximately 30 seconds.

101. The method of clause 93 where the program-
ming in step e further includes specification of the
required number of beats of the recent electrogram
that must shift by more than the predetermined am-
plitude to detect the cardiac event.

102. The method of clause 93 where at least one
electrode lies within the heart of the patient.

103. The method of clause 93 further including a
step (f) of programming the cardiosaver to generate
an alarm when the cardiac event is detected.

104. The method of clause 93 where the cardiosav-
er is designed to generate an alarm signal when the
cardiac event is detected.

105. The method of clause 93 where the cardiac
event is an acute myocardial infarction.

106. The method of clause 93 where the cardiac
event is exercise induced ischemia.

107. The method of clause 93 further including a
step (f) of programming a high heart rate limit into
the cardiosaver.

108. The method of clause 93 further including a
step (f) of programming a low heart rate limit into
the cardiosaver.
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109. The method of clause 93 further including a
step (f) of programming an elevated heart rate limit
into the cardiosaver, the cardiac event being an
acute myocardial infarction if the patient's heart rate
is below the elevated heart rate limit and the cardiac
event being exercise induced ischemia if the pa-
tient's heart rate is above the elevated heart rate
limit.

110. A system for the detection of a cardiac event
of a human patient, the system including:

(a) at least two electrodes implanted in the pa-
tient for obtaining an electrical signal from the
patient's heart, the electrical signal being an
electrogram;

(b) analog-to-digital converter circuitry for digi-
tizing the electrogram to produce electrogram
segments having a time duration that is at least
1 second;

(c) means for determining the time of occur-
rence of an R wave for each beat within an elec-
trogram segment produced by the analog-to-
digital conversion circuitry;

(d) means for calculating an average heart rate
of the electrogram segment;

(e) processor means designed to detect that
the cardiac event has occurred, the criteria for
detection being dependent upon the average
heart rate of the electrogram segment.

111. The system of clause 110 further including
means for classifying the average heart rate as be-
ing in one of at least two different heart rate ranges.

112. The system of clause 111 where the criteria for
detecting that the cardiac event has occurred is dif-
ferent for each one of the at least two different heart
rate ranges.

113. The system of clause 111 where the at least
two different heart rate ranges include a normal
range and at least one elevated range.

114. The system of clause 113 where the cardiac
event is and acute myocardial infarction if the aver-
age heart rate of the electrogram segment is in the
normal range.

115. The system of clause 113 where the cardiac
event is exercise induced ischemia if the average
heart rate of the electrogram segment is in the at
least one elevated range.
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116. The system of clause 113 where there are at
least two elevated ranges, each range having dif-
ferent detection criteria for detecting the cardiac
event.

117. The system of clause 113 further including
means for determining if the average heart rate of
the electrogram segment is below a low heart rate
limit, the low heart rate limit being a lower bound of
the normal range.

118. The system of clause 110 further including
means for determining if the average heart rate of
the electrogram segment is higher than a preset
high heart rate limit.

119. The system of clause 118 where the processor
means detects a high heart rate cardiac event when
the average heart rate of the electrogram segment
is greater than the high heart rate limit.

120. A system for detection of a cardiac event of a
human patient, the system including an implanted
cardiosaver designed to detect the cardiac event
and an external alarm system, the external alarm
system including an external alarm transceiver and
a handheld computer, the external alarm transceiv-
er having a two-way wireless communication
means for sending data to and receiving data from
the implanted cardiosaver, the external alarm trans-
ceiver also having a standardized interface allowing
the external alarm transceiver to be inserted into a
standardized interface slot in the handheld compu-
ter.

121. The system of clause 120 where the standard-
ized interface is selected from the group consisting
of a compact flash adapter interface, a secure dig-
ital (SD) adapter interface, a multi-media card inter-
face, a memory stick interface, or a PCMCIA adapt-
er interface.

122. The system of clause 120 where the handheld
computer runs an operating system selected from
the group consisting of a version of Microsoft Win-
dows, the Palm operating system or the Linux op-
erating system.

123. The system of clause 120 where the handheld
computer is a Pocket PC.

124. The system of clause 120 where the cardi-
osaver is designed to transmit selected data to the
external alarm system and the handheld computer
is designed to re-transmit the selected data to a ge-
ographically remote location through a wireless da-
ta transmission means.
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125. The system of clause 124 where the wireless
data transmission means uses the internet.

126. The system of clause 120 where the handheld
computer includes an integrated cell phone.

127. The system of clause 120 where the external
alarm transceiver is also designed to be insertable
into a laptop PC.

128. The system of clause 127 where the laptop PC
is the physician's programmer for programming the
cardiosaver.

129. The system of clause 120 where the cardi-
osaver is designed to transmit electrogram seg-
ment data to the external alarm system and the
handheld computer is designed to display the trans-
mitted electrogram segment data.

130. A system for detecting a cardiac event in a hu-
man patient the system including

at least two electrodes attached to the patient's skin
for obtaining the electrical signal from the patient's
heart, the electrical signal being an electrocardio-
gram;

a non-implanted cardiosaver including

(a) analog-to-digital converter circuitry for digi-
tizing the electrocardiogram to produce electro-
cardiogram segments having a time duration
that is at least 1 second;

(b) means for processing a first electrocardio-
gram segment at a first predetermined time to
extract at least one baseline heart signal pa-
rameter of the patient;

(c) memory means for storing the at least one
baseline heart signal parameter;

(d) means for processing a second electrocar-
diogram segment at a later, second predeter-
mined time to extract at least one heart signal
parameter of the patient; and,

(e) processor means coupled to the memory
means designed to detect the cardiac event
when the at least one heart signal parameter
extracted at the second predetermined time
shifts by more than a predetermined threshold
amplitude from the at least one baseline heart
signal parameter extracted at the first predeter-
mined time.

131. A system for identifying a cardiac event in a
human patient including:
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at least two electrodes attached to the patient's
skin for obtaining the electrical signal from the
patient's heart, the electrical signal being an
electrocardiogram;

a non-implanted cardiosaver including

(a) analog-to-digital converter circuitry for
digitizing the electrocardiogram to produce
electrocardiogram segments having a time
duration that is at least 1 second;

(b) memory means designed to store a
baseline electrocardiogram segment at a
first predetermined time;

(c) memory means designed to store a re-
cently collected electrocardiogram seg-
ment at a second predetermined time at a
time that is later than the first predeter-
mined time;

(d) processor means coupled to said mem-
ory means for comparing the recently col-
lected electrocardiogram segment stored
in the memory means at the second prede-
termined time with the baseline electrocar-
diogram segment stored in the memory
means at the first predetermined time; and,

(e) means for identifying that the cardiac
event has occurred when ST deviation of
at least one beat of the recently collected
electrocardiogram segment shifts by more
than a predetermined amplitude from the
average ST deviation of at least two beats
of the baseline electrogram segment.

132. A system for the detection of a cardiac event
of a human patient, the system including:

(a) at least two electrodes attached to the pa-
tient's skin for obtaining an electrical signal
from the patient's heart, the electrical signal be-
ing an electrocardiogram;

(b) analog-to-digital converter circuitry for digi-
tizing the electrocardiogram to produce electro-
cardiogram segments having a time duration
that is at least 1 second;

(c) means for determining the time of occur-
rence of an R wave for each beat within an elec-
trocardiogram segment produced by the ana-
log-to-digital conversion circuitry;

(d) means for calculating an average heart rate
of the electrocardiogram segment;
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(e) processor means designed to detect that
the cardiac event has occurred, the criteria for
detection being dependent upon the average
heart rate of the electrocardiogram segment.

[0202] Various other modifications, adaptations, and
alternative designs are of course possible in light of the
above teachings.

Claims

1. A system for detecting a cardiac event in a human
patient, the system including:

means for capturing a signal segment from an
electrical signal derived from the patient's
heart; and

means for identifying said cardiac event by
comparing at least one heart signal parameter
in said signal segment to at least one reference
parameter.

2. The system of claim 1 comprising at least two elec-
trodes implantable in the patient for obtaining the
electrical signal from the patient's heart, the electri-
cal signal being an electrogram.

3. The system of claim 1 or claim 2 comprising an im-
plantable device.

4. The system of claim 3, wherein the implantable de-
vice includes the means for capturing a signal seg-
ment.

5. The system of claim 4, wherein the means for cap-
turing a signal segment includes analog-to-digital
converter circuitry for digitizing the electrical signal
to produce the signal.

6. The system of claim 5, wherein each of a plurality
of signal segments has a time duration of at least 1
second.

7. The system of any one of claims 3 to 6, wherein the
implantable device further includes the means for
comparing.

8. The system of any one of the preceding claims,
wherein the means for comparing further include:

means for processing a first signal segment at
a first predetermined time to extract the at least
one baseline heart signal parameter of the pa-
tient;

memory means for storing the at least one
baseline heart signal parameter;

means for processing a second signal segment
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at a later, second predetermined time to extract
the at least one heart signal parameter of the
patient; and

processor means coupled to the memory
means designed to detect the cardiac event
when the at least one heart signal parameter
extracted at the second predetermined time
shifts by more than a predetermined threshold
amplitude from the at least one baseline heart
signal parameter extracted at the first predeter-
mined time.

The system of claim 7 or claim 8, wherein the means
for comparing further includes memory means for
storing the first electrogram segment.

The system of any one of claims 7 to 9, wherein the
means for comparing further includes memory
means.

The system of any one of claims 8 to 10, further in-
cluding means for extracting one heart signal pa-
rameter from a third electrogram segment at a third
predetermined time and processor means coupled
to the memory means programmed to detect the
cardiac event when the one heart signal parameter
extracted at both the second and third predeter-
mined times shifts by more than a predetermined
threshold amplitude from the same one baseline
heart signal parameter extracted at the first prede-
termined time.

The system of claim 11, further including means for
extracting one heart signal parameter from a fourth
electrogram segment at a fourth predetermined
time and processor means coupled to the memory
means programmed to detect the cardiac event
when the one heart signal parameter extracted at
the second, third and fourth predetermined times
shifts by more than a predetermined threshold am-
plitude from the same one baseline heart signal pa-
rameter extracted at the first predetermined time.

The system of claim 11 or claim 12, wherein the in-
terval between the second predetermined time and
the third predetermined time is more than 10 sec-
onds.

The system of any one of the preceding claims,
where the cardiac event is an acute myocardial in-
farction.

The system of any one of the preceding claims,
where one heart signal parameter is the average
voltage of the ST segments of one or more beats of
the electrogram segments.

The system of any one of the preceding claims,
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where one heart signal parameter is the ST devia-
tion of one or more beats of the signal segments.

The system of any one of the preceding claims,
where one heart signal parameter includes the volt-
age amplitude of the T wave of one or more beats
of the signal segments.

The system of claim 8 or any one of the preceding
claims dependent thereon, wherein a cardiac event
is detected only if the shift by more than a selective
threshold amplitude of the at least one heart signal
parameter occurs in a majority of the beats of the
second signal segment processed at the second
predetermined time.

The system of any one of claims 1 to 7, wherein the
means for comparing include:

memory means for storing a baseline signal
segment at a first predetermined time;
memory means for storing a recently collected
signal segment at a second predetermined time
at a time that is later than the first predeter-
mined time; and

processor means coupled to said memory
means for comparing the recently collected sig-
nal segment stored in the memory means at the
second predetermined time with the baseline
signal segment stored in the memory means at
the first predetermined time.

The system of claim 17, wherein the means for com-
paring further includes means for identifying that the
cardiac event has occurred when ST deviation of at
least one beat of the recently collected signal seg-
ment shifts by more than a predetermined ampli-
tude from the average ST deviation of at least two
beats of the baseline signal segment.

The system of claim 19 or claim 20, wherein the
means for comparing further includes memory
means for storage of signal segments at one or
more additional predetermined times and proces-
sor means for comparing the signal segments at the
additional predetermined times with the baseline
signal segment.

The system of any one of claims 18 to 21, wherein
a cardiac event is detected when the ST deviation
of a majority of the beats of the recently collected
electrogram segment shift by more than a predeter-
mined amplitude from the average ST deviation of
at least two beats of the baseline electrogram seg-
ment.

The system of any one of claims 18 to 21, wherein
a cardiac event is detected when the ST deviation
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of at least two thirds of the beats of the recently col-
lected electrogram segment shift by more than a
predetermined amplitude from the average ST de-
viation of at least two beats of the baseline electro-
gram segment.

The system of any one of claims 18 to 21, wherein
a cardiac event is detected when the ST deviation
of at least 6 out of 8 beats of the recently collected
electrogram segment shift by more than a predeter-
mined amplitude from the average ST deviation of
at least two beats of the baseline electrogram seg-
ment.

The system of any one of claims 18 to 24, further
including means for calculating the R-R interval be-
tween successive beats of each electrogram seg-
ment.

The system of claim 2 or any one of the preceding
claims dependent thereon, wherein at least one of
the electrodes is located within the heart.

The system of claim 26, wherein the at least one
electrode located within the heart is located within
the right ventricle.

The system of claim 27, wherein the at least one
electrode located within the heart is located within
the right atrium.

The system of claim 2 or any one of the preceding
claims dependent thereon, wherein at least one of
the electrodes is located outside of the heart.

The system of claim 29, wherein at least one elec-
trode is located in the superior vena cava.

The system of claim 2 or any one of the preceding
claims dependent thereon, wherein at least one of
the electrodes is located subcutaneously.

The system of claim 31, wherein a subcutaneously
located electrode is located on the patient's left
side.

The system of any one of the preceding claims,
wherein the at least one signal segments is less
than 30 seconds long.

The system of any one of the preceding claims,
wherein the at least one signal segments is more
than 4 seconds long.

The system of claim 8 or claim 19 or any one of the
preceding claims dependent thereon, wherein the
interval between the first predetermined time and
the second predetermined time is between 20 and
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28 hours.

The system of any one of the preceding claims,
wherein the cardiac event is ischemia occurring at
an elevated heartrate, the elevated heart rate being
greater than a predetermined rate that is pro-
grammed into the means for comparing.

The system of any one of claims 1 to 35, wherein
the cardiac event is a very rapid heart rate, the very
rapid heart rate is a heart rate being greater than a
predetermined rate that is programmed into the im-
planted cardiosaver.

The system of any one of claims 1 to 35, wherein
the cardiac event is a very slow heart rate, the very
slow heart rate is a heart rate being less than a pre-
determined rate that is programmed into the im-
planted cardiosaver.

The system of any one of claims 1 to 35, wherein
the cardiac event is an unsteady heart rate.

The system of any one of the preceding claims,
wherein the comparing means further includes
means to exclude from processing any baseline sig-
nal segment that is not indicative of the patient's
normal heart signal.

The system of claim 40, wherein the normal heart
signal has an average heart rate that is less than a
preset limit.

The system of claim 40, wherein the normal heart
signal within the baseline electrogram segment has
no more than two shortened beats having an R-R
interval less than a preset limit.

The system of claim 40, wherein the normal heart
signal has an average R-R interval that is less than
a preset limit.

The system of claim 40, wherein the normal heart
signal has an average R-R interval that is greater
than a preset limit.

The system of any one of the preceding claims,
wherein one baseline heart signal parameter is the
average value of a per-beat heart signal parameter
for at least two beats of the first electrogram seg-
ment at the first predetermined time.

The system of any one of claims 1 to 44, wherein
one baseline heart signal parameter is the average
value of a per-beat heart signal parameter for at
least two normal beats of the first electrogram seg-
ment at the first predetermined time.
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The system of claim 46, wherein a normal beat is
determined by having an R-R interval that is less
than a preset time period.

The system of claim 46, wherein a normal beat is
determined by having an R-R interval that is greater
than a preset time period.

The system of claim 46, wherein a normal beat is
determined by having an ST deviation that is less
than a preset threshold.

The system of any one of claims 1 to 4, wherein the
means for capturing comprises:

electrical circuitry means for determining the
time of occurrence of an R wave of the electro-
gram; and

processor means for calculating the time period
between successive R waves, that time period
being called an R-R interval.

The system of claim 50, wherein:
the means for capturing further comprises:

processor means for calculating the aver-
age signal amplitude of at least one sub-
segment of the electrogram occurring with-
in the R-R interval, the sub-segment hav-
ing a start time and a time duration; and
means for adjusting the start time and/or
time duration of the sub-segment respon-
sive to the calculated R-R interval; and
wherein:

the means for comparing comprises:

processing means for detecting
that the cardiac event has oc-
curred by comparing the average
signal amplitude of at least one
sub-segment of at least one beat
of the electrogram with a predeter-
mined threshold amplitude.

The system of claim 51, wherein the cardiac event
is an acute myocardial infarction.

The system of claim 51, wherein the cardiac event
is exercise induced ischemia.

The system of any one of claims 51 to 53, wherein
the sub-segment of the electrogram includes at
least a portion of the ST segment of the electro-
gram.

The system of any one of claims 51 to 54, wherein
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60.
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the sub-segment of the electrogram includes at
least a portion of the PQ segment of the electro-
gram.

The system of any one of claims 51 to 55, wherein
the sub-segment of the electrogram includes the
peak of the T wave.

The system of any one of claims 51 to 56, further
including means to exclude any beat where the R-R
interval is shorter than a predetermined time period
from the processing means for detecting a cardiac
event.

The system of any one of claims 51 to 57, wherein
the predetermined time period is less than 60 milli-
seconds.

The system of claim 50, wherein:
the means for capturing further comprises:

processor means for calculating the aver-
age signal amplitude of the ST segment
and the average signal amplitude of the PQ
segment of the electrogram occurring with-
in the R-R interval, the sub-segment hav-
ing a start time and a time duration;
means for adjusting the start time and/or
time duration of the ST segment respon-
sive to the calculated R-R interval; and
means for calculating an ST deviation by
subtracting the average signal amplitude of
the PQ segment from the average signal
amplitude of the ST segment; and
wherein:

the means for comparing comprises:

processing means for detecting
that the cardiac event has oc-
curred by comparing the ampli-
tude of the ST deviation of at least
one beat of the electrogram with a
predetermined threshold ampli-
tude.

The system of claim 59 where the processing
means detects that a cardiac event has occurred
when the amplitude of the ST deviation measured
at a second time exceeds the amplitude of a base-
line ST deviation at a first time by an amount that is
greater than the predetermined threshold ampli-
tude.

The system of claim 60 where the first time occurs
at least 30 minutes before the second time.
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The system of claim 60 where the first time occurs
between 23 and 25 hours before the second time.

The system of any one of claims 1 to 4, wherein the
means for comparing comprises:

analog-to-digital converter circuitry for digitiz-
ing the electrical signal to produce signal seg-
ments;

means for determining the time of occurrence
of an R wave for each beat within an electro-
gram segment produced by the analog-to-dig-
ital conversion circuitry; and

means for calculating an average heart rate of
the electrogram segment; and

the means for comparing comprises:

processor means operable to detect that
the cardiac event has occurred, the criteria
for detection being dependent upon the av-
erage heart rate of the electrogram seg-
ment.

The system of claim 63, further including means for
classifying the average heart rate as being in one
of at least two different heart rate ranges.

The system of claim 64, wherein the criteria for de-
tecting that the cardiac event has occurred is differ-
ent for each one of the at least two different heart
rate ranges.

The system of claim 64 or claim 65, wherein the at
least two different heart rate ranges include a nor-
mal range and at least one elevated range.

The system of claim 66, wherein the cardiac event
is an acute myocardial infarction if the average
heart rate of the electrogram segment is in the nor-
mal range.

The system of claim 66, wherein the cardiac event
is exercise induced ischemia if the average heart
rate of the electrogram segment is in the at least
one elevated range.

The system of any one of claims 66 to 68, wherein
there are at least two elevated ranges, each range
having different detection criteria for detecting the
cardiac event.

The system of any one of claims 66 to 69, further
including means for determining if the average
heart rate of the electrogram segment is below a
low heart rate limit, the low heart rate limit being a
lower bound of the normal range.

The system of any one of claims 63 to 70, further
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including means for determining if the average
heart rate of the electrogram segment is higher than
a preset high heart rate limit.

The system of claim 71, wherein the processor
means detects a high heart rate cardiac event when
the average heart rate of the electrogram segment
is greater than the high heart rate limit.

The system of claim 1, including:

at least two electrodes attached to the patient's
skin for obtaining the electrical signal from the
patient's heart, the electrical signal being an
electrocardiogram; and

a non-implanted cardiosaver that includes:

the means for capturing, which comprises
analog-to-digital converter circuitry for dig-
itizing the electrocardiogram to produce
electrocardiogram segments having a time
duration that is at least 1 second,

means for processing a first electrocardio-
gram segment at a first predetermined time
to extract at least one baseline heart signal
parameter of the patient,

memory means for storing the at least one
baseline heart signal parameter; and
means for processing a second electrocar-
diogram segment at a later, second prede-
termined time to extract at least one heart
signal parameter of the patient; and

the means for comparing, which comprises
processor means coupled to the memory
means designed to detect the cardiac
eventwhen the atleast one heart signal pa-
rameter extracted at the second predeter-
mined time shifts by more than a predeter-
mined threshold amplitude from the at least
one baseline heart signal parameter ex-
tracted at the first predetermined time.

The system of claim 1, including:

at least two electrodes attached to the patient's
skin for obtaining the electrical signal from the
patient's heart, the electrical signal being an
electrocardiogram; and

a non-implanted cardiosaver that includes

the means for capturing, which includes:

analog-to-digital converter circuitry for dig-
itizing the electrocardiogram to produce
electrocardiogram segments having a time
duration that is at least 1 second,
memory means designed to store a base-
line electrocardiogram segment at a first
predetermined time, and
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memory means designed to store a recent-
ly collected electrocardiogram segment at
a second predetermined time at a time that
is later than the first predetermined time;
and

the means for comparing that comprises
processor means coupled to said memory
means for comparing the recently collected
electrocardiogram segment stored in the
memory means at the second predeter-
mined time with the baseline electrocardi-
ogram segment stored in the memory
means at the first predetermined time and
means for identifying that the cardiac event
has occurred when ST deviation of at least
one beat of the recently collected electro-
cardiogram segment shifts by more than a
predetermined amplitude from the average
ST deviation of at least two beats of the
baseline electrogram segment.

75. The system of claim 1 including:

76.

77.

at least two electrodes attached to the patient's
skin for obtaining an electrical signal from the
patient's heart, the electrical signal being an
electrocardiogram;

the means for capturing comprising
analog-to-digital converter circuitry for digitiz-
ing the electrocardiogram to produce electro-
cardiogram segments having a time duration
that is at least 1 second,

means for determining the time of occurrence
of an R wave for each beat within an electro-
cardiogram segment produced by the analog-
to-digital conversion circuitry, and

means for calculating an average heart rate of
the electrocardiogram segment; and

the means for comparing comprising
processor means designed to detect that the
cardiac event has occurred, the criteria for de-
tection being dependent upon the average
heart rate of the electrocardiogram segment.

The system of claim 3 or any one of the preceding
claims dependent thereon, or claim 55 or any one
of the preceding claims dependent thereon, further
including an alarm sub-system within the implanta-
ble device, the alarm sub-system having the capa-
bility to warn the patient that the cardiac event has
occurred.

The system of claim 3 or any one of the preceding
claims dependent thereon, or claim 55 or any one
of the preceding claims dependent thereon, further
including two-way wireless communications means
between the implantable device and an external de-
vice.
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The system of claim 77, wherein the external device
is an external alarm system capable of producing
an audible external alarm signal.

The system of claim 78, wherein the external alarm
system further includes means to turn off the audi-
ble external alarm signal.

The system of claim 76 or any one of the preceding
claims dependent thereon, wherein the alarm sub-
system is operable to produce an internal alarm sig-
nal.

A system for notifying a patient that a cardiac event
has been detected, the system including:

an implantable device operable to detect the
cardiac event;

alarm means that actuates an internal alarm
signal from the implanted device to notify the
patient when the implanted device detects the
cardiac event; and

an external alarm system having two-way wire-
less communication to and from the implanted
device, the external alarm system including
means to turn off the internal alarm signal.

The system of claim 80 or claim 81, wherein the in-
ternal alarm signal is selected from the group con-
sisting of a mechanical vibration, an audible sound
or a subcutaneous electrical tickle.

The system any one of claims 80 to 82, further in-
cluding timing means to turn off the internal alarm
signal after a preset time.

The system of any one of claims 78 to 83, wherein
the external alarm system further includes means
to verify the operational status of the implantable
device.

The system of any one of claims 78 to 84, wherein
the implantable device actuates an external alarm
signal produced by the external alarm system when
a cardiac event is detected, the external alarm sys-
tem also including means to turn off the external
alarm signal.

The system of claim 85, further including timing
means to turn off the external alarm signal after a
preset time.

The system of any one of claims 78 to 86, wherein
there are at least two different internal alarm sig-
nals.

The system of claim 87, wherein at least one of the
internal alarm signals is "See Doctor" alarm indicat-
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ing that the patient should contact his doctor.

The system of claim 87 or claim 88, wherein at least
one of the internal alarm signals is a patient warning
to immediately seek medical attention.

The system of any one of claims 78 to 89, wherein
the external alarm system also includes means to
provide a warning message to the patient by a text
display.

The system of any one of claims 78 to 90, wherein
the external alarm system includes means to pro-
vide a warning message to the patient by a speech
message.

The system of any one of the preceding claims,
wherein the cardiac event includes a heart attack.

The system of claim 92, wherein the implanted de-
vice is designed to process electrical signals from
the patient's heart and the heart attack is detected
by identification of an excessive ST shift in the elec-
trical signals from the patient's heart.

The system of any one of claims 1-91, wherein the
cardiac event includes an arrhythmia.

The system of claim 94, wherein the arrhythmia is
selected from the group consisting of tachycardia,
bradycardia, unsteady heart rate, bigeminal
rhythm, premature ventricular contractions, prema-
ture atrial contractions and atrial fibrillation.

The system of any one of claims 1-91, wherein the
cardiac event includes exercise induced ischemia.

The system of claim 78 or any one of the preceding
claims dependent thereon, the external alarm sys-
tem including an external alarm transceiver and a
handheld computer, the external alarm transceiver
having a two-way wireless communication means
for sending data to and receiving data from the im-
plantable device, the external alarm transceiver al-
so having a standardized interface allowing the ex-
ternal alarm transceiver to be inserted into a stand-
ardized interfaced slot in the handheld computer.

A system for detection of a cardiac event of a human
patient, the system including an implantable device
in the form of a cardiosaver designed to detect the
cardiac event and an external alarm system, the ex-
ternal alarm system including an external alarm
transceiver and a handheld computer, the external
alarm transceiver having a two-way wireless com-
munication means for sending data to and receiving
data from the implantable device, the external alarm
transceiver also having a standardized interface al-
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lowing the external alarm transceiver to be inserted

into a standardized interfaced slot in the handheld

computer.
99. The system of claim 97 or claim 98, wherein the
standardized interface is selected from the group
consisting of a compact flash adapter interface, a
secure digital (SD) adapter interface, a multi-media
card interface, a memory stick interface, or a PCM-
CIA adapter interface.

100.The system of any one of claims 97 to 99, wherein
the handheld computer runs an operating system
selected from the group consisting of a version of
Microsoft Windows, the Palm operating system or
the Linux operating system.

101.The system of any one of claims 97 to 100, wherein
the handheld computer is a Pocket PC.

102.The system of any one of claims 97 to 101, wherein
the implantable device is operable to transmit se-
lected data to the external alarm system and the
handheld computer is designed to re-transmit the
selected data to a geographically remote location
through a wireless data transmission means.

103.The system of claim 102, wherein the wireless data
transmission means uses the internet.

104.The system of any one of claims 97 to 103, wherein
the handheld computer includes an integrated cell
phone.

105.The system of any one of claims 97 to 104, wherein
the external alarm transceiver is also designed to
be insertable into a laptop PC.

106.The system of claim 105, wherein the laptop PC is
the physician's programmer for programming the
implantable device.

107.The system of any one of claims 97 to 106, wherein
the implantable device is designed to transmit elec-
trogram segment data to the external alarm system
and the handheld computer is designed to display
the transmitted electrogram segment data.

108.A method for detecting that a cardiac event has oc-
curred, the method including the following steps:

implanting at least two electrodes within a hu-
man subject at locations designed to pick up an
electrical signal from a patient's heart, the elec-
trical signal being an electrogram;

connecting the at least two electrodes to an im-
planted cardiosaver device that is designed to
digitize the electrogram, the cardiosaver device
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also having electrical circuitry means for creat-
ing electrogram segments having a duration of
at least 1 second;

using a physician's programmer to program the
cardiosaver to process and store in memory
baseline electrogram segments at specified
times throughout each and every day;
programming specific times when the cardi-
osaver will collect, process and place in mem-
ory recent electrogram segments that occur af-
ter the baseline electrogram segment has been
placed in memory;

programming the cardiosaver to detect that the
cardiac event has occurred when the amplitude
of the ST deviation of at least one beat of a re-
cent electrogram segment shifts by more than
a predetermined amplitude as compared with
the average ST deviation of at least two beats
of the baseline electrogram segment.

109.The method of claim 108, wherein the specified
times for baseline electrogram segment processing
are preset within the cardiosaver and do not need
to be programmed.

110.The method of claim 108 or claim 109, wherein the
specified times for processing and storing baseline
electrogram segments are at a set time interval.

111.The method of claim 110, wherein the set time in-
terval is between 30 minutes and 90 minutes.

112.The method of claim 110 or claim 111, wherein the
set time interval is approximately 60 minutes.

113.The method of any one of claims 108 to 112, where-
in the interval at which the cardiosaver will process
recent electrogram segments is preset within the
cardiosaver and does not need to be programmed.

114.The method of claim 113, wherein the preset time
interval for processing recent electrogram seg-
ments is less than approximately 2 minutes.

115.The method of claim 113, wherein the preset time
interval for processing recent electrogram seg-
ments is approximately 30 seconds.

116.The method of any one of claims 108 to 115, where-
in the programming in step (e) further includes
specification of the required number of beats of the
recent electrogram that must shift by more than the
predetermined amplitude to detect the cardiac
event.

117.The method of any one of claims 108 to 116, where-
in at least one electrode lies within the heart of the
patient.
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118.The method of any one of claims 108 to 117, further
including a step (f) of programming the cardiosaver
to generate an alarm when the cardiac event is de-
tected.

119.The method of any one of claims 108 to 118, where-
in the cardiosaver is designed to generate an alarm
signal when the cardiac event is detected.

120.The method of any one of claims 108 to 119, where-
in the cardiac event is an acute myocardial infarc-
tion.

121.The method of any one of claims 108 to 120, where-
in the cardiac event is exercise induced ischemia.

122.The method of any one of claims 108 to 121, further
including a step (f) of programming a high heart rate
limit into the cardiosaver.

123.The method of any one of claims 108 to 121, further
including a step (f) of programming a low heart rate
limit into the cardiosaver.

124.The method of any one of claims 108 to 121, further
including a step (f) of programming an elevated
heart rate limit into the cardiosaver, the cardiac
event being an acute myocardial infarction if the pa-
tient's heart rate is below the elevated heart rate lim-
it and the cardiac event being exercise induced
ischemia if the patient's heart rate is above the el-
evated heart rate limit.
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