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(57) ABSTRACT 
Disclosed are methods for detecting an acute myocardial 
infarction (i.e., a heart attack) at the earliest possible time 
and promptly Warning the patient that he should immedi 
ately seek medical Care. The present invention includes an 
implantable electronic system that Can sense a change in the 
patient’s electrogram that is indicative of a heart attack. If a 
heart attack is sensed, the device Would then cause an 
implantable and/or externally located alarm to be actuated to 
Warn the patient of his condition and a medical practitioner 
at a remote diagnostic center Would receive the patient’s 
electrogram for analysis. The patient or a caretaker Would 
then be informed to self-inject medication through a subcu 
taneous, pass-through drug port that Can be a separate device 
or integrated into the implanted device that is designed for 
the early detection of a heart attack. The methods of the 
present invention include determining if a human patient is 
likely to have a heart attack and, if he is, then implanting 
Within that patient a device that Can sense When a heart 
attack occurs and alarm the patient to take appropriate 
actions if a heart attack does occur. 
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METHODS FOR THE DETECTION AND 
TREATMENT OF CARDIAC EVENTS 

FIELD OF USE 

[0001] This invention is in the ?eld of systems, including 
devices implanted Within a human patient, for the purpose of 
automatically detecting the onset of a cardiac event and 
promptly providing appropriate medical care to prevent 
death and/or damage to the heart muscle. 

BACKGROUND OF THE INVENTION 

[0002] Heart disease is the leading cause of death in the 
United States. A common and life-threatening complication 
of heart disease is myocardial infarction resulting from a 
thrombus that obstructs blood How in one or more coronary 
arteries. The sooner thrombolytic medication such as tissue 
plasminogen activator (tPA) or urokinase is placed into the 
patient’s bloodstream after the occurrence of an acute myo 
cardial infarction, the sooner an obstructive thrombus Will 
be dissolved and perfusion of the myocardium Will be 
restored. The extent of damage to the myocardium is 
strongly dependent on the length of time that occurs prior to 
restoration of some blood How to the heart muscle. At this 
time, no system exists that provides for early and automatic 
detection of an acute myocardial infarction and for rapidly 
providing the patient With a prescribed dose of a throm 
bolytic medication. 

[0003] There are many patients Who have implanted heart 
pacemakers or implanted cardiac de?brillators (ICDs). The 
purpose of the pacemaker is to provide a loW energy 
electrical stimulation pulse that causes the heart to beat at a 
prescribed rate. The purpose of the de?brillator is to shock 
the heart back into sinus rhythm after ventricular ?brillation 
has been detected. HoWever, no existing implantable pace 
maker or de?brillator is also able to detect a partial or 
complete blockage of a coronary artery and Warn the patient 
that this potentially fatal event is occurring. Furthermore, no 
pacemaker or ICD is presently used With an external com 
munication and action system that rapidly responds to acute 
myocardial infarction or reversible myocardial ischemia that 
is detected by specially designed circuitry in that implanted 
pacemaker or ICD. 

[0004] Although anti-tachycardia pacemakers and ICDs 
can detect heart arrhythmias and respond With electrical 
stimulation, none are currently designed to be part of a rapid 
response system designed to inform the patient as to his 
condition and to facilitate the injection of an anti-arrhythmic 
drug With a minimum time delay. 

[0005] It is Well knoWn that an acute myocardial infarction 
can be detected from a patient’s ECG by noting an ST 
segment deviation (i.e., voltage change) as compared to the 
voltage of the patient’s TP or PO segments. Such an ST 
segment deviation can be even more clearly discerned With 
electrodes implanted Within the body (especially Within or in 
close proximity to the heart) as compared With detecting the 
elevated ST segment from chest and/or limb mounted elec 
trodes. 

[0006] In US. Pat. Nos. 6,112,116 and 6,272,379 issued to 
R. E. Fischell, et al, an implanted cardiosaver system is 
described that includes an automatic delivery of medication 
When a heart attack is detected. These patents also teach the 
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combination of internal and external alarm systems for 
informing the patient that a heart attack has been detected. 
HoWever, the long term storage of any thrombolytic or 
anti-thrombogenic medication Within a human patient can 
cause a deterioration of such drugs. Except for the treatment 
of an acute myocardial infarction, neither of these patents 
teaches hoW an external system could be used to treat any 
potentially fatal or at least Worrisome cardiac event such as 
an arrhythmia and/or myocardial ischemia that is caused by 
an elevated heart rate resulting from physical effort includ 
ing exercise. 

[0007] In US. Pat. No. 5,479,780 by M. Zehender, a 
device is described that has a “goal of eliminating . . . cardiac 

rhythm abnormality.” In order to accomplish this goal, 
Zehender requires exactly tWo electrodes placed Within the 
heart and exactly one electrode placed outside the heart. 
Although multiple electrodes could be used, an ideal sensor 
for providing an electrogram to detect a heart attack Would 
use a single electrode placed Within the heart. The Zehender 
patent teaches the detection of an ST segment deviation to 
indicate coronary ischemia and to use an implanted drug 
pump to release medication to treat such an ischemia. 
HoWever, Zehender never discusses the treatment of acute 
myocardial infarction. Rather, the purpose of Zehender’s 
invention is only to Warn of an arrhythmia caused by 
myocardial ischemia. Zehender does not indicate that his 
invention could be used for the treatment of a heart attack. 
Furthermore, Zehender does not consider the problem of 
drug deterioration When such a drug is stored Within an 
implanted device for later release When ischemia is detected. 
Still further, ischemia can result from exercise When there is 
progression of a stenosis in a coronary artery. Under such 
circumstances it Would be highly undesirable to release a 
medication designed to treat the ischemia caused by a heart 
attack. Furthermore, Zehender does not describe an external 
system to be used in conjunction With an implanted car 
diosaver device. Thus Zehender does not teach the use of an 
external alarm means or means to have a diagnostic center 

alWays on call for immediate diagnosis of a potentially fatal 
heart attack or arrhythmia. Furthermore, Zehender does not 
teach an implanted drug port that can be used for rapidly 
providing a bolus of medication from an external source to 
be delivered into a patient having a heart attack by either the 
patient himself, a caretaker of the patient or by a paramedic 
from an ambulance. Although Zehender does describe the 
use of a pacemaker or de?brillator in conjunction With an 
implanted device for detecting ischemia, he does not 
describe either an external alarm system to be used With the 
implant, nor does he describe the use of an implanted drug 
port to be used With the pacemaker or de?brillator. 

[0008] The electrical signal from the heart as measured 
from electrodes Within the body is called an “electrogram”. 
The early detection of an acute myocardial infarction or 
myocardial ischemia caused by an increased heart rate or 
exertion is clearly feasible by using an implantable system 
that notes a change in a patient’s electrogram. The implanted 
device portion of such a system is de?ned herein as a 
“cardiosaver” and the entire system including the implanted 
cardiosaver and the external portions of the system is 
de?ned herein as the “cardiosaver system.” Furthermore, 
although the masculine pronouns “he” and “his” are used 
herein, it should be understood that the patient or the 
medical practitioner Who treats the patient could be a man or 
a Woman. Still further the term; “medical practitioner” shall 
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be used herein to mean any person Who might be involved 
in the medical treatment of a patient. Such a medical 
practitioner Would include, but is not limited to, a medical 
doctor (e.g., a general practice physician, an internist or a 
cardiologist), a medical technician, a paramedic, a nurse or 
an electrogram analyst. A “caretaker” is de?ned herein as a 
person that can come to the aid of the patient if the 
cardiosaver system indicates the occurrence of some cardiac 
related event such as a heart attack or ventricular ?brillation. 

Acaretaker Would include, but is not limited to, the patient’s 
spouse, an attendant in a nursing home, a nurse or any 
person assigned to help take care of the patient. A “cardiac 
event” includes an acute myocardial infarction, ischemia 
caused by effort (such as exercise) and/or an elevated heart 
rate, bradycardia, tachycardia or an arrhythmia such as atrial 
?brillation, atrial ?utter, ventricular ?brillation, and prema 
ture ventricular or atrial contractions (PVCs or PACs). The 
use of this invention to treat stroke, Will for the purposes of 
this speci?cation, also be considered to be a “cardiac event”. 
For the purpose of this invention, the term “electrogram” is 
de?ned to be the signal from an implanted electrode that is 
placed in a position to indicate the heart’s electrical activity. 

SUMMARY OF THE INVENTION 

[0009] One embodiment of the present invention is an 
implanted medical device that is an implanted cardiosaver, 
that can detect the occurrence of an acute myocardial 

infarction (AMI), i.e., a heart attack, Within less than ?ve 
minutes after it occurs and then automatically alarm the 
patient that this event is occurring. The patient’s Warning 
can come from an alarm means implanted in the patient’s 
body and/or from an externally located alarm means that 
receives a Wireless signal from the cardiosaver. 

[0010] The cardiosaver system is designed to minimiZe 
damage to the patient’s heart from an acute myocardial 
infarction (i.e., a heart attack) by detecting the AMI at the 
earliest possible time and promptly Warning the patient that 
he should immediately seek medical care. To do this, in 
addition to the implanted cardiosaver, the cardiosaver sys 
tem includes an external alarm system located external to the 
patient. The external alarm system provides an external 
alarm capable of Waking the patient if he is sleeping in 
addition to the internal alarm built into the implanted 
cardiosaver. The external alarm system also has the capa 
bility to transmit the cardiac event alarm and recorded 
electrogram data collected by the implanted cardiosaver to a 
medical practitioner at a remotely located diagnostic center. 
It is also envisioned that the external alarm system could 
also transmit patient information such as an identifying 
number, name, medical history and patient location in addi 
tion to the electrogram. The external alarm system may be 
either a ?xed location alarm system located at the patient’s 
normal residence or a portable alarm system that can be 
carried by the patient. The external alarm system is also 
capable of transmitting the patient’s electrogram both prior 
to and in real time during the cardiac event to the medical 
practitioner. 
[0011] A netWork operation support system at a netWork 
operation center is another important portion of the external 
equipment for the cardiosaver system. The netWork opera 
tion support system receives cardiac event alarms from the 
external alarm system, identi?es the patient, ?nds the next 
available medical practitioner at the cardiosaver diagnostic 
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center and provides a display of the patient’s medical record 
and electrogram data from the implanted cardiosaver for 
consideration by the medical practitioner. Along With the 
patient medical history, the patient medical record includes 
the prescription for treatment of speci?c cardiac events, 
Which prescription is Written by the patient’s oWn physician. 
The netWork operation support system also provides to the 
medical practitioner at the diagnostic center, the phone 
number for the emergency medical services (EMS) facility 
that is closest to the patient’s location and also directions to 
the patient’s location. If the alarm is received from the ?xed 
location alarm system, the emergency medical services 
phone number and directions are in the medical record. If the 
portable alarm system is used, the netWork operation support 
system Will look up in its oWn internal database the phone 
number for the emergency medical services closest to the 
location of the patient. By “closest” is meant the EMS that 
can arrive at the patient’s location in the shortest possible 
time. This shortest time determination could also include 
considerations relative to traffic conditions at the time that 
the emergency call is made. 

[0012] The portable alarm system Which Will Work 
through existing cell phone Wireless netWorks Will provide 
a location either by triangulation from the cell phone system 
or through a built in GPS locator capability. The netWork 
operation support system Would typically be a softWare 
package run on one or more computers located in one or 

more netWork operation center. The diagnostic center(s) Will 
have one or more medical practitioners either located at the 
diagnostic center or netWorked in from remote sites. It is 
envisioned that the diagnostic center medical practitioner 
Would also have the capability to communicate by phone 
and/or data communication (instant messaging e-mail) to the 
patient and/or his personal physician to implement the most 
rapid treatment for the patient. 

[0013] To assure privacy of the patient’s name, condition 
and medical history, the cardiosaver system can also include 
a security system capability. This security system can 
include identifying the patient only by a patient identi?ca 
tion number that is programmed into the implanted car 
diosaver, by using computer systems Whose function is to 
operate the cardiosaver system While maintaining the 
patient’s privacy using means and by other methods that are 
Well knoWn in the art to provide security for patient’s names 
and medical records. Furthermore, it is envisioned that the 
patient Would select a single name (typically a ?rst name or 
a nickname) that Would be used by the medical practitioner 
at the diagnostic center to address the patient over a tele 
phone line. This single name could correspond to a unique 
patient identifying number. Use of current virtual private 
netWork (VPN) systems and services can also facilitate the 
security of the entire cardiosaver system by linking all the 
elements (external alarm system, netWork operation support 
system, physician’s terminal for data record management 
and the diagnostic center) in a secure manner. The netWork 
operation support system database Would contain patient 
medical records that are periodically updated by the 
patient’s physician from a secure terminal typically located 
at the primary of?ce of the patient’s physician. 

[0014] The implanted cardiosaver can sense a change in 
the patient’s electrogram that is indicative of an acute 
myocardial infarction. If an acute myocardial infarction is 
sensed, the cardiosaver Would then cause an implantable 
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and/or externally located alarm means such as an audio 
sound source or a subcutaneous electrical tickle to be 
actuated in order to Warn the patient of his condition. The 
patient could then promptly seek medical care, for example, 
at a hospital emergency room. Having been trained to 
recognize such an alarm, most patients Would neither fail to 
recogniZe such an indication of a cardiac event nor Would 
they ignore such an alarm signal if it Were to occur. 

[0015] Since an implantable heart pacemaker or de?bril 
lator already has Within its structure and electronic circuitry 
many of the elements required to function as a cardiosaver, 
it Would be expeditious to add cardiosaver system capability 
to these existing devices to detect an acute myocardial 
infarction and provide implantable and external alarm means 
to inform the patient to take appropriate action. Speci?cally, 
most implantable pacemakers or de?brillators already have 
a long-lived battery, one or more electrodes connected by a 
lead Wire to an electrogram ampli?er Within a hermetically 
sealed metal case and electrogram storage capability. These 
same elements can be part of an implanted system that can 
be used to detect an acute myocardial infarction and alarm 
the patient accordingly. The pacemaker or de?brillator that 
includes a capability for early detection of an acute myo 
cardial infarction can be used to cause the external alarm 
system to transmit electrogram and other patient data to the 
diagnostic center medical practitioner Who can summon the 
emergency medical services to promptly get to the patient 
and apply pre-prescribed thrombolytic and/or anti-thrombo 
genic medication(s). 
[0016] The implanted alarm located Within the cardiosaver 
can be either an acoustic alarm, a mechanical vibration or a 
subcutaneous electrical tickle. Any one of these implanted 
signals could be applied periodically, for example, With a 5 
second on-time every 30 seconds after the detection of a 
heart attack. It is envisioned to turn the internal alarm off 
after a reasonable time period that is probably less than 30 
minutes. The external alarm Would be accomplished by 
means of a Wireless (typically Wireless) receiving system 
that causes an audio alarm to occur When a Wireless signal 
is received from the implanted cardiosaver. The external 
audio alarm from the cardiosaver external alarm system can 
inform the patient that heart attack has been detected by his 
implanted system. It could also inform him (e.g., by a 
pre-recorded human voice) that he should promptly take 
some predetermined medication such as cheWing tWo aspi 
rins and/or injecting thrombolytic drugs into the implanted 
drug port in the cardiosaver, and that he should Wait for the 
arrival of emergency medical services or he should promptly 
proceed to an emergency medical facility. 

[0017] When the alarm signal arrives at the diagnostic 
center, the medical practitioner Will revieW the electrogram 
data from the patient’s cardiosaver. If the medical practitio 
ner recogniZes that the patient is having an acute myocardial 
infarction, the medical practitioner can inform the emer 
gency medical services creW on an ambulance to deliver to 

the patient a dosage of a thrombolytic and/or anti-thrombo 
genic medication(s) to minimiZe damage to the patient’s 
heart tissue. If ischemia during exercise is recogniZed, the 
medical practitioner at the diagnostic center Would ask the 
patient to stop exercising so that the alarm Would go aWay. 
He Would then inform the patient that he should see his oWn 
physician to determine What caused the ischemia during 
exercise. The external alarm system could also have a 
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patient operated initiator that could be used to send electro 
gram data both from memory storage and in real time to a 
medical practitioner at the diagnostic center. This might be 
done in the event of any arrhythmia including, but not 
limited to premature atrial or ventricular beats, atrial ?bril 
lation, atrial ?utter or any other heart rhythm irregularities. 
The diagnostic center medical practitioner could then advise 
the patient What action, if any, should be taken. The car 
diosaver system could also be programmed to send an alarm 
in the case of ventricular ?brillation so that a caretaker of the 
patient could be informed to immediately provide a de?bril 
lation electrical stimulus. This is procedure is practical as 
home de?brillation units are noW commercially available. 

[0018] It is very important to note that the exact type and 
quantity of medication that the emergency medical services 
paramedics Will deliver into the patient at the direction of the 
diagnostic center medical practitioner Will have been previ 
ously determined by the patient’s oWn physician and not 
(typically) by the diagnostic center medical practitioner. 
This is due to the fact that the patient’s oWn physician is 
most familiar With the patient’s Weight, adverse reaction to 
some speci?c medication and other factors that make the 
patient’s physician the ideal person to determine in advance 
What treatment his patient should receive if the patient has 
a heart attack or some other cardiac event. The role of the 
diagnostic center medical practitioner is merely to recogniZe 
from the electrogram that a cardiac event has occurred and 
to authoriZe the patient, the patient’s caretaker or the emer 
gency medical services paramedics to administer the pre 
prescribed drug regimen determined in advance by the 
patient’s physician. If for some reason the patient’s physi 
cian has not been given advance instructions, then the 
diagnostic center medical practitioner Would be able to 
prescribe an appropriate drug regimen for that patient. 

[0019] The emergency medical services creW (or the 
patient himself or the patient’s caretaker) can also use an 
external device to provide a vibratory input in the region of 
the patient’s heart after medication is injected in order to 
assist in breaking up the neWly formed blood clot. It is also 
anticipated that the implanted cardiosaver could include 
means for having a mechanical vibration impressed from 
inside the heart to enhance the break up of an artery blocking 
thrombus. The emergency medical services paramedics 
could also provide a de?brillation shock if the patient is 
experiencing ventricular ?brillation. 

[0020] It is believed that the cardiosaver system described 
herein is extremely valuable because many patients Who 
have early symptoms of an acute myocardial infarction such 
as indigestion or left arm pain or even a chest discomfort 

very often tend to ignore these Warning signs. If, for 
example, the patient experiences some indigestion that has 
an associated elevated ST segment that is indicative of an 
acute myocardial infarction, then promptly notifying the 
patient of this condition can signi?cantly decrease the mor 
tality and morbidity associated With acute myocardial inf 
arction. Furthermore, approximately 20% of all patients Who 
have an acute myocardial infarction have a “silent MI” With 
no detectable symptoms Whatsoever. This is very often the 
case for elderly individuals, particularly if they have had 
diabetes for many years. The invention described herein 
Would be of particular value for such patients. 

[0021] The fact that no alarm Will result from symptoms 
that mimic an acute myocardial infarction Will provide 
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reassurance to the patients When such false heart attack 
indications occur. What is most important is that, Whenever 
a major heart attack occurs that compromises a large section 
of the myocardium, there is generally a signi?cant ST 
segment shift that should be clearly discernible by the 
implanted cardiosaver. If a small area of the heart muscle is 
involved, it is possible that the ST segment deviation Will not 
be readily detected. HoWever, a smaller infarction Would 
result in a much less serious outcome for the patient. 

[0022] Another embodiment of the cardiosaver system 
involves the administration (i.e., injection) of a throm 
bolytic, anti-platelet and/or anti-thrombogenic medication 
directly into the patient’s blood circulation by means of a 
pass-through drug port that can be separately implanted or 
formed into (i.e., integrated into) the implanted cardiosaver. 
Such a port Would typically employ a septum on its outer 
surface Whose location just under the patient’s skin is easily 
detectable by its shape, location and also by a tattoo mark on 
the skin. Such a tattoo mark Would be placed on the skin 
directly over the center of the port’s septum. Either or both 
the patient or his caretaker Would be trained to inject an 
appropriate medication that has been pre-prescribed by his 
physician through the patient’s skin and through the septum 
located on the cardiosaver. The cardiosaver has a catheter in 
?uid communication With its drug port to deliver a bolus of 
the injected medication rapidly and directly into the patient’s 
bloodstream. One Way to deliver the drug Would be by 
means of a separate drug delivery catheter that is in ?uid 
communication With the cardiosaver’s drug port. Alterna 
tively, a drug delivery lumen in the electrical lead that is 
used to sense the patient’s electrogram could be used to 
deliver the medication. In either case, the catheter or lead 
With a drug delivery lumen (either of Which is de?ned herein 
as the “medication delivery catheter”) Would be placed so 
that its proximal end is joined to the cardiosaver device and 
its distal end Would lie in the patient’s bloodstream, typically 
in a vein, the superior vena cava or inside the heart itself. 
Such placement is Well knoWn to those medical practitioners 
Who implant the electrical leads for pacemakers of de?bril 
lators. A valve located at or near the distal end of the 
medication delivery catheter Would prevent blood from 
entering the medication deliver catheter. This valve Would 
automatically open When medication is injected by a hypo 
dermic syringe through the septum, through the drug cham 
ber in the cardiosaver and ?nally through the medication 
delivery catheter. 

[0023] As a safety means to indicate that the distal end of 
the needle of the hypodermic syringe is properly situated at 
the bottom of the drug chamber of the drug port, a unique 
audio signal is emitted from the cardiosaver When the needle 
is properly placed. For eXample, if the indication of a heart 
attack is a 5 second sound burst every 30 seconds, then the 
indication of proper placement of the needle point Within the 
drug chamber of the drug port could be a sound that is 
continuous as long as the distal end of the needle is pushing 
on the bottom surface of the drug chamber. Such a sound 
Would assure the patient or the caretaker that the plunger on 
the hypodermic syringe could be pushed forWard to rapidly 
deliver a bolus of the drug into the patient’s bloodstream. 
The rapid delivery of a bolus of the drug Would be clearly 
advantageous for dissolving a thrombus as compared to the 
comparatively sloW drug release that could be accomplished 
by an implanted drug pump. 
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[0024] It is envisioned that the drug port Would contains a 
liquid solution that has the same osmolality as blood. The 
liquid solution Would also contain an anti-bacterial ingredi 
ent to prevent the build up of any bacteria Within the drug 
port or the medication delivery catheter. The liquid solution 
Would not typically contain any thrombolytic or anti-throm 
bogenic medication. A normal saline solution that includes 
any anti-bacterial substance commonly used as a preserva 
tive for liquid medications could be used for this purpose. 
This liquid solution Would be replaced into the drug port 
after any injection of a treatment medication has been 
accomplished. Furthermore, the patient or his caretaker 
might usefully practice the injection of this solution on a 
periodic basis, such as once a year, in order to maintain their 
competency for injecting medication on an emergency basis. 
It Will be of particular value for the patient or his caretaker 
to hear the sound that the implanted cardiosaver device 
produces When the needle of the hypodermic syringe is 
properly placed so that the plunger can be pushed to rapidly 
deliver a bolus of the drug into and through the drug port and 
into the patient’s bloodstream. The periodic injection of the 
liquid solution must, of course, not cause any harm to the 
patient. 
[0025] It is also envisioned that the drug port and car 
diosaver capability could be incorporated into a pacemaker 
or a de?brillator. Thus, all the features described herein for 
a cardiosaver device, could be included into an implanted 
device that includes pacing and/or de?brillation capabilities. 
Furthermore, a pacemaker or de?brillator With cardiosaver 
capabilities could be used With a separate drug port and With 
all the external equipment that is described herein. 

[0026] It should also be understood that a cardiosaver 
device With a drug port Would be very advantageous for 
medication delivery in an ambulance or at a hospital or 
similar medical facility. Having a drug port that provides the 
most rapid access to the patient’s bloodstream can save 
valuable time as compared to the time required to place an 
intravenous catheter into a patient’s vein. This time saving 
is particularly important for the patient and it Would make 
the application of an intravenous injection much easier for 
the paramedics Who usually are the ?rst to get to such a 
patient. It should also be understood that the drug port could 
be used for the injection of other systemically administered 
medications such as beta-blockers, anti-arrhythmic drugs, 
etc. 

[0027] The type(s) of drugs that Would be available for 
such delivery through a drug port are generally thrombolytic 
agents, anti-thrombogenic agents, anti-arrhythmic agents or 
a blend of more than one medication. Atypical thrombolytic 
agent could be tPA, urokinase, streptokinase or any similar 
agent designed to dissolve a thrombus. A typical anti 
thrombogenic medication could be ReoPro, heparin, PlaviX 
or any similar medication. It is important to note that the 
method to decrease morbidity and mortality from an acute 
myocardial infarction Would include having the patient’s 
oWn physician Write a prescription for the eXact type(s) and 
quantity of medication(s) that he Would Want the patient to 
have if a heart attack or other cardiac event Would occur. The 
type(s) and amount Would depend on What is available at any 
time as the best single drug or drug combination. Another 
consideration Would be any knoWn reaction of the patient to 
a particular medication. The amount of drug that is pre 
scribed might also depend on the patient’s seX and Weight. 
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For example, a 250-pound man Would probably use a larger 
dose or different type of medication as compared to a 
100-pound Woman. The cardiosaver system also envisions 
the delivery of an anti-arrythmic drug for speci?c types of 
arrhythmias and other potentially bene?cial drugs such as 
beta-blockers, nitrates, etc. that can improve the outcome for 
patients Who have a myocardial infarction. 

[0028] It is Well knoWn that patients Who have just had a 
heart attack become very fearful of a later heart attack that 
can be fatal or can result in signi?cant damage to the heart 
muscle. An important advantage of the cardiosaver system 
(including its use Within a pacemaker or de?brillator) as 
taught herein is that it can be used to assure the patient that 
future heart attacks Will be detected and treated so rapidly 
that his chance of surviving Without signi?cant heart damage 
is very high. Therefore, a placebo effect for this device is 
expected to decrease the morbidity and mortality of these 
patients as compared to patients Who do not have an 
implanted cardiosaver device and are not enrolled into the 
cardiosaver system. 

[0029] Another important concept for this invention is a 
method for determining the type of patient in Whom the 
cardiosaver should be implanted. One such type of patient is 
a person Who has diabetes as evidenced by a fasting blood 
sugar that is greater than 110 mg/dl. Therefore, the method 
to provide improved medical care for such a patient is to 
perform a blood test to determine if the fasting blood glucose 
is greater than 110 mg/dl, and if it is, then determine if the 
patient has at least one other predictor of an acute myocar 
dial infarction. These predictors Would include, but are not 
limited to, hypercholesterolemia, high blood pressure, pro 
teinuria exceeding 250 mg in 24 hours, a prior heart attack 
or ischemic stroke, age greater than 65 or a family history of 
acute myocardial infarction. The inventive method that is 
taught herein includes the step of implanting a cardiosaver 
device into such a patient. The method could further include 
the step of making the patient part of the cardiosaver system 
so that he could obtain rapid treatment for an acute myo 
cardial infarction should it occur. 

[0030] Another inventive method that is described herein 
includes a ?rst step of implanting a stent into the patient’s 
coronary artery. The next step in this method is to implant a 
cardiosaver into that patient and then to have the patient 
perform an exercise that is comparatively strenuous for that 
patient (eg a treadmill stress test). The next step is to 
program the cardiosaver cardiac event detection thresholds 
using the electrogram data recorded by the implanted car 
diosaver as a baseline. The last step in this method Would to 
advise the patient to seek medical care if during future 
exercise his implanted cardiosaver indicates that he had a 
deviation of the ST segment of his electrogram. It should be 
understood that the cardiosaver could provide a different 
alarm signal for ischemia caused by a heart attack as 
opposed to ischemia caused by exertion When the patient has 
a narroWed coronary artery. For example, for a heart attack, 
a 2-5 second on-time for an audio alarm could be pro 
grammed to occur every 10-15 seconds but for ischemia 
produced at the higher heart rates associated With exercise, 
When an ST segment deviation occurred because of a 
narroWed artery, the alarm could be a 1-2 second on-time 
every 30-60 seconds. Of course it should be understood that 
a larger variety of on-times and periods betWeen alarm 
sounds could be used to signal for a variety of different 
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electrogram signals that could be analyZed by the car 
diosaver. At least tWo of these are different alarm signals 
could provide a differentiation betWeen ischemia during 
exercise as opposed to the occurrence of heart muscle injury 
resulting from an acute myocardial infarction. In any case, 
it is envisioned that the cardiosaver system provides the 
patient’s electrogram to the medical practitioner at the 
diagnostic center in the event of any pre-programmed 
arrhythmia such as atrial ?brillation, atrial ?utter, PVCs, 
PACs, etc. 

[0031] An important aspect of this invention is that the 
patient’s baseline electrogram Would be measured after the 
cardiosaver has been implanted. The baseline electrogram 
Would be measured at rest and during a treadmill stress test. 
These electrograms are made of record at least for revieW at 
the diagnostic center When a patient alarm occurs and also 
they could be programmed into the implanted cardiosaver 
device. In this Way, the medical practitioner at the diagnostic 
center can compare the patient’s baseline electrogram With 
the electrogram observed at the time When an alarm is 
indicated by the cardiosaver. By having the patient’s base 
line electrogram and his electrogram immediately before his 
heart attack and in real time during the heart attack, the 
diagnostic center medical practitioner is able to de?nitely 
determine the nature and extent of the heart problem being 
experienced by the patient. 

[0032] Because patient’s Who are predisposed to a heart 
attack are also predisposed to a stroke, it is envisioned that 
an inventive method for treating stroke is accomplished by 
the use of the cardiosaver With a drug port as described 
herein. Speci?cally, if a patient has been taught the symp 
toms of a stroke, then the patient could use the cardiosaver 
system to inject thrombolytic and/or anti-thrombogenic 
medication through the drug port in his cardiosaver device 
under the advice and guidance of the medical practitioner at 
the diagnostic center. The patient’s personal physician 
Would arrange for any such arrangement in advance. Thus, 
the cardiosaver system could be used to signi?cantly reduce 
the morbidity and mortality associated With stroke. 

[0033] An important aspect of the cardiosaver system 
could be the use of a “panic button” on the external alarm 
system. When the panic button is pressed by the patient, it 
sends an alarm signal to the next available medical practi 
tioner at the diagnostic center Who Would call the patient 
back to help identify the problem and if necessary summon 
appropriate assistance. The panic button could be used by 
the patient for any health event Where the patient believes 
help is needed. Thus the cardiosaver system has application 
to many ailments other than AMI. In one embodiment of the 
present invention, the external alarm system is built into a 
Wireless phone (either a cell phone or a cordless phone). In 
this case, the panic button actually initiates a voice call 
directly to the next available medical practitioner at the 
diagnostic center Who Would then talk to the patient to help 
identify the problem and summon the appropriate emer 
gency medical services paramedics if necessary. For 
example if the patient Were to have a stroke, either the 
patient or the patient’s spouse, caretaker or partner could 
press the panic button, speak to a medical practitioner and be 
given instructions for injecting clot buster (thrombolytic) 
medication into the pass-through drug port of the car 
diosaver. 
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[0034] Although the implanted cardiosaver could function 
Without an external alarm system, the external alarm system 
is highly desirable. Thus, in its simplest form, the “car 
diosaver system” includes the implanted cardiosaver, a 
physician’s programmer and an external alarm system. The 
external alarm system can provide interpretation of the 
nature of the alarm if the detection of different cardiac events 
is programmed into the implanted cardiosaver. The external 
alarm system can also call out automatically to summon an 
emergency medical services ambulance at a number pro 
grammed into the external alarm system. The patient can 
also initiate electrogram recording through manual use of 
the external alarm system if he feels something is Wrong. 
The recorded electrogram (from a detected cardiac event or 
manual patient initiation) could be read out by the physi 
cian’s programmer at a later time. In this version, there 
Would be no centraliZed monitoring service associated With 
the cardiosaver system. This version of the cardiosaver 
system might also include an implanted drug port as part of 
the cardiosaver. This Would permit patient injection of 
thrombolytic agents or facilitate injection by the emergency 
medical services paramedics. 

[0035] A more advanced embodiment of the cardiosaver 
system includes an implanted cardiosaver, an external alarm 
system and a netWork operation support system. The 
implanted cardiosaver Would be capable of sensing a cardiac 
event and internally producing an alarm and store electro 
gram data. The external alarm system Would be capable of 
sounding an audio alarm near the patient and calling out to 
a netWork operation support system. The netWork operation 
support system Would be capable of presenting the patient’s 
stored medical record along With the alarm data including 
the electrograms stored by the implanted cardiosaver and 
real time electrograms to a medical practitioner at a diag 
nostic center. The diagnostic center Would act as the central 
monitoring station for incoming cardiac event alarms. 

[0036] Thus it is an object of this invention is to auto 
matically sense that a cardiac event has occurred by means 
of an implantable device called a “cardiosaver” Which 
capability can also be provided in a pacemaker or de?bril 
lator. 

[0037] Another object of this invention to have a car 
diosaver system including an implanted cardiosaver, an 
external alarm system and a netWork operation support 
system, the implanted cardiosaver being capable of sensing 
a cardiac event and internally producing an alarm, the 
external alarm system being capable of sounding an audio 
alarm near the patient and calling out to a netWork operation 
support system that includes patient medical records, the 
netWork operation support system being capable of present 
ing the patient’s stored medical record along With the alarm 
data including real time and stored electrograms to a medical 
practitioner at a diagnostic center. 

[0038] Still another object of this invention is to use the 
cardiosaver to Warn the patient that an acute myocardial 
infarction has occurred by means of a subcutaneous electri 
cal tickle or an audio signal. 

[0039] Still another object of this invention is to have an 
implantable cardiac event detection device (a cardiosaver) 
that sends a Wireless signal to an external alarm system that 
is located in close proximity to the patient. That external 
alarm system Would inform the patient that he may be 

Aug. 7, 2003 

undergoing an acute myocardial infarction and that an 
emergency medical services ambulance has been called to 
bring him to a hospital and/or that he should take certain 
actions such as immediately going to an emergency room 
and/or promptly taking or injecting certain medications. 
[0040] Still another object of this invention is to provide a 
means for informing the patient that he is having an acute 
myocardial infarction When he might otherWise ignore some 
particular symptom or he may not have had any detectable 
symptom. 
[0041] Still another object of this invention is to provide a 
means to prevent a patient from believing that he is having 
a heart attack When in fact that is not happening. 

[0042] Still another object of this invention is to provide a 
patient Who has either an implanted heart pacemaker or 
de?brillator With the additional capability for sensing the 
occurrence of an acute myocardial infarction and promptly 
Warning the patient that an acute myocardial infarction is 
occurring and further having an external alarm system that 
can result in the prompt arrival of an ambulance to treat the 
acute myocardial infarction. 

[0043] Still another object of this invention is to provide a 
means and method for informing patients Who have no 
symptoms associated With an acute myocardial infarction 
that they are having a heart attack and they should imme 
diately seek medical assistance. 

[0044] Still another object of this invention is to provide a 
patient With a cardiosaver system that can alarm the patient 
at all times for the purpose of obtaining medical assistance 
for that patient and for transmitting to a diagnostic center 
medical practitioner the patient’s electrogram, medical his 
tory and location and further resulting in the arrival of an 
emergency medical services ambulance at the patient’s 
home or any other location Where the patient may be located, 
Which ambulance includes paramedical personnel trained in 
the administration of drug therapy to treat a cardiac event 
(heart attack or arrhythmia) or a stroke. 

[0045] Still another object of this invention is to provide 
the paramedics in an emergency medical services ambulance 
or the patient or the patient’s caretaker With a device to 
provide vibration to the patient’s heart to enhance the action 
of any medication delivered in the event of an acute myo 
cardial infarction. 

[0046] Still another object of this invention is to provide a 
patient With a portable external alarm system Which includes 
an alarm means that can be With that patient at all times for 
the purpose of providing medical assistance for that patient 
and for transmitting to a diagnostic center medical practi 
tioner the patient’s electrogram and location and further 
resulting in the arrival of an emergency medical services 
ambulance at that patient’s speci?c location. 

[0047] Still another object of this invention is to have the 
portable external alarm system including a Wireless phone 
capable of tWo-Way voice communication. 
[0048] Still another object of this invention is to have a 
panic button on the external alarm system of the cardiosaver 
system, the panic button alloWing the patient to manually 
initiate an alarm to a central diagnostic center. 

[0049] Still another object of this invention is to have the 
alarm initiated by the panic button be a “data alarm” similar 
to but distinctly different from the alarm generated by the 
detection of an acute myocardial infarction. 


























