2008/00501 A1 I} 1A 0 00 0 1 OO 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization f d”Ij

) IO O T OO OO

International Bureau

(43) International Publication Date
10 January 2008 (10.01.2008)

(10) International Publication Number

WO 2008/005015 Al

(51) International Patent Classification:
AG61B 5/04 (2006.01) AGIN 1/00 (2006.01)

(21) International Application Number:
PCT/US2006/0262438
(22) International Filing Date: 5 July 2006 (05.07.2006)
(25) Filing Language: English
(26) Publication Language: English

(71) Applicant: CARDIOVU, INC. [US/US]; 4101-F Dublin
Boulevard, #111, Dublin, CA 94568 (US).

(72) Inventor: SHENNIB, Adnan; 4506 Chancery Lane,
Dublin, CA 94568 (US).

(74) Agent: GREENE, Donald, R.; P.O. Box 6238, Goodyear,
AZ 85338 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HN, HR, HU, ID, IL,, IN, IS, JP,
KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS, LT,
LU, LV, LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA,
NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC,
SD, SE, SG, SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ,
UA, UG, US, UZ, VC, VN, ZA, 7ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, S, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

Fortwo-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.

(54) Title: PROGRAMMABLE ECG SENSOR PATCH

(57) Abstract: The invention provides a disposable programmable ECG sensor patch for the non—invasive detection of risk patterns
according to programmed criteria. The patch is programmed by a medical professional to select one or more monitoring parameters
for detection and alarm indication. One application is to detect changes in the ECG due to cardioactive drugs. Another application is
triggering an alarm for a cardiac patient during a stress condition. The programmable patch operates in conjunction with an external
programming unit for selecting the detection monitoring parameters.

VitalConnect Ex. 1013
Page 1 of 23



WO 2008/005015 PCT/US2006/026248

PROGRAMMABLE ECG SENSOR PATCH

Background of the Invention

[0001] This invention relates to the electrocardiogram (ECG), and, more
particularly, to non-invasive monitoring and detection of risk patterns in the ECG attributable
to medication or physical activity. Cardiovascular diseases are pervasive, contributing to
over 2.4 million deaths annually in the United States alone. Delay in recognition and
treatment of a heart abnormality leads to more damage to the heart, higher cost of

hospitalization and lower quality of life for the survivors.

[06002] Heart abnormalities typically develop over time and the risk of a heart
attack can increase with adverse side effect of certain medications. Drugs affecting the heart,
referred to herein collectively as cardioactive drugs, may be targeted for cardiovascular
disease or other ailments not related to the heart. Anti-arrhythmia drugs are examples of
drugs targeting the heart for the control of irregular heartbeats. Vioxx® and Celebrex®,
which were widely prescribed for arthritis patients, are examples of cardioactive drugs not

targeting the heart.

[0003] Pharmacological therapy represents the first line of defense for most
cardiac abnormalities. For atrial fibrillation (AF), a common cardiac abnormality affecting
millions of people, the medication can be targeted for slowing the conduction of electrical
impulses, decreasing the excitability and automaticity of cardiac cells, or prolonging the
refractory period of cardiac tissue. The effectiveness and tolerance of these medications are
quite individualized. Medications are often changed in order to achieve the desired outcome
of reducing symptomatic episodes of AF. To further complicate matters, some of these drugs
can actually have the opposite effect causing the heart to become more irritable and setting

the stage for new arrhythmias to occur.

[0004] Control of the ventricular rate due to AF is also important in that a
prolonged rapid heart rate can cause permanent physiologic damage to the cardiac cells.
These cells can undergo a form of "remodeling" that reduce the contractility of the heart
muscle and cause cardiomyopathy to develop. It can be very challenging for the cardiologist
to achieve adequate ventricular rate control in some patients. In such cases, the patient's heart

rate may be well controlled with medication while at rest, but quickly exceeds the desired
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range as the patient becomes moderately active. Conversely, prescribed medication may
control the patient's heart rate during activity but can cause the heart to slow excessively
when the patient is at rest. Fine-tuning the medication regimen is important for reducing
patient discomfort and minimizing adverse physiologic changes. Besides controlling heart
rate, other medication can cause subtle changes in ECG patterns leading to arrhythmia and
event heart attacks for certain individuals. ECG symptoms for increased cardiac risk include

prolongation of QT interval and ST segment shifts.

[0005] By continuously monitoring the heart rate and detecting ECG patterns
for an individual over time, the effects of cardioactive medication can be studied. Corrective
measures can be taken prior to developing a serious cardiac condition. Unfortunately,
continuous monitoring and detection of ECG risk patterns is not feasible with standard
“resting ECG” instruments available in clinical setting. Visual observation of standard ECG

charts is not likely to reveal trends and subtle changes in ECG patterns.

[0006] It is well known in the field of cardiovascular science, that a single
ECG recording is often non-diagnostic for many individuals, including those with serious
heart disease such as acute myocardial infarction. These individuals often exhibit “normal”
ECG patterns, even during a cardiac episode. However, risk patterns can be revealed if the
ECG is compared with previously recorded ECG patterns. Furthermore, certain individuals
with an apparent abnormality in their ECG may actually have normal cardiac function if their
ECG pattern is consistent over time. This is especially the case when age is considered in the
diagnosis. For these and other reasons, differential ECG measurements taken over time with
consecutive ECG readings are considered essential for the cardiac diagnosis of certain
individuals. A differential measurement not only reveals variations in cardiac rhythms, but
also shifts and trends in the ECG waveform patterns. Detection of these changes often
requires the aid of a processor (a computer, a microprocessor or a digital signal processor).
Using a processor, signal averaging techniques can be used to average a specific time window
of the periodic ECG waveform for noise reduction and detection of ECG segment baseline

shifts over time.

[0007] Microprocessor based ambulatory monitors have been developed to
solve some the limitations of large hospital-based ECG instruments. For example, Holter

monitors are portable ECG used mostly at home to monitor the ECG of an individual. These
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instruments typically use 5 or more ECG electrodes attached to the chest at one end and
connected to a portable electronic device at the other end. The device is worn or strapped to
the body for recording ECG signals in its memory. After 24 to 48 hours of continuous
monitoring and recording, the Holter monitor is typically returned to the clinic, where the
recorded ECG data is downloaded for review, record keeping, and for further analysis by

clinicians.

[0008] Cardiac event monitors are similar to Holter monitors but generally
smaller and have less memory for recording only a few minutes of ECG during a cardiac
event. They are designed to detect an intermittent cardiac event, i.e. heart palpitation,
dizziness, syncope, chest pain, etc. The looping memory event recorder is a more
sophisticated version of an event recorder with a miniature electronic package attached to the
patient's chest via two to three electrodes. Event monitors typically record a short segment of
the ECG prior to activation by a switch. For example, when a patient experiences a
palpitation, the device records the prior 45 seconds of ECG and also 15 seconds subsequent
to switch activation. With this method of monitoring, transitory cardiac symptoms can be

documented.

[0009] Although less bulky than Holter monitors, event recorders are also
uncomfortable to wear and lack the diagnostic capabilities of Holter monitors. The ECG
patches (electrodes) used with such prior art ECG monitors are disposable and replaced
frequently for extended monitoring. However, the base unit of these instruments is reusable

as it is “loaned” to patients by the clinic providing the diagnostic service.

[0010] The prior art instruments and methods discussed above, and others
discussed below, fall short of providing inexpensive and comfortable means for detection of
cardiac.abnormalities and trends developing over time. Furthermore, prior art instruments do
not provide the ability to select monitoring parameters and detection criteria, which need to
be customized for the individual or a patient group. These settings often need to be
individualized according to the age, cardiac condition, medication used and the activity level

permitted for the individual.

[0011] U.S. patent application serial no. 2003/0069510 to Semler discloses a
disposable vital signs monitor that is a “flexible, nominally flat planar form having integral

gel electrodes, a sticky-back rear surface, an internal flex circuit capable of sensing,
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recording, and play out several minutes of the most recently acquired ECG waveform data
and a front surface that includes an output port preferably having one or more snap
connectors compatible with lead hamess ....” The monitor is designed for short-term
monitoring as stated: “a relatively short term battery life, as it is intended for limited-term
use.” Semler’s invention is primarily an ECG recorder and it is neither programmable nor
designed to detect ECG risk patterns intrinsically. This and other limitations as disclosed
exclude Semler’s invention for conveniently monitoring the effect of medications or stresses

on the heart, particularly in home settings.

. [0012] U.S. Patent No. 5,634,468 to Platt et al. discloses a sensor patch for
obtaining physiologic data, including temperature, and transmitting a conditioned signal to a
portable unit nearby and subsequently to remote monitoring equipment. Platt’s patch neither

saves ECG data nor performs analysis. For these purposes, it relies on external devices.

[0013] Recent publicity regarding adverse effects of certain medications
highlights the need for more effective means of monitoring the effects of cardioactive drugs,
including during clinical trials prior to regulatory approval. Using existing instruments to
continuously monitor the ECG for a large patient population over an extended period oftime

is extremely costly and prohibitive in most cases.

[0014] Another problem with current heart monitoring is related to implant
pacemakers and defibrillators. These programmable implant devices sometimes fail to
properly deliver the necessary stimuli to the heart due to variety of reasons including
incorrect device programming or improper lead attachment. Providing non-invasive ECG
monitoring with selectable criteria for monitoring and setting off an alarm is highly desirable

for millions of implant wearers, particularly new users.

[0015] A major objective of this invention is to provide an inexpensive non-
invasive device and method to monitor the effect of drugs over an extended period of time.
This device must be convenient, unobtrusive with minimal impact on the lifestyle of the user

to ensure compliance with long term monitoring.

[0016] Another objective of this invention is to provide a highly miniaturized

body-worn ECG monitor for automatically detecting subtle cardiac shifis.
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[0017] Furthermore, a major objective is to provide ECG monitoring with
means for individually selecting the monitoring mode, detection parameters and alarm

criteria.

[0018] Another objective is to provide a programmable ECG sensor with
automatic detection and alarm for alerting the patient to a cardiac stress condition according

to programmed criteria.

Summary of the Invention

[0019] The invention provides a disposable programmable sensor patch for
the non-invasive detection of cardiac risk patterns according to programmable criteria. The
smart patch monitors surface electrocardiogram (ECG) and selectively records cardiac events
and ECG risk patterns according to the programmed parameters. The self-adhered patch is
placed on the torso and preferably the chest area near the heart for sensing and analyzing the
ECG.

[0020] The patch comprises a microprocessor, battery, two or more ECG
electrodes, ECG amplifier, and analog-to-digital converter for converting ECG signals to
digital data for numeric computations by the microprocessor. The patch also incorporates a
wireless receiver for receiving wireless programming signals from an external programming
device. An alarm is optionally incorporated to alert the user or others nearby when a risk
condition is detected. The patch is programmed to detect a specific risk pattern in the ECG of

an individual.

[0021] In one application, the patch detects subtle changes in the ECG pattern
due to a cardioactive drug being evaluated. The medication dosage can then be verified,
modified, or an alternate medication is suggested. In another application, alarm parameters
are selected and programmed by a physician to trigger the built-in alarm during a stress
condition such as exercise. Yet another application is monitoring non-invasively the function

of an implant cardiac control device.

[0022] The programmable parameters include heart rate limits, ST segment
position and shift, QT and QRS intervals, and pacing. Risk patterns generally relate to
arrhythmia, syncope, myocardial infarction and transient ischemic attack. Once a risk pattern
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is detected, the corresponding ECG is automatically recorded for subsequent wireless transfer
to a reporting device or the external programming device. A unique application of the
invented patch is the ability to evaluate new and experimental drugs with convenience and
minimal cost to the patient, the pharmaceutical company and the healthcare system. The duty
cycle of the monitoring operation can be programmed from continuous mode to periodic
monitoring to reduce power consumption and achieve extended monitoring. The software-
based programmer, which may be a hand-held device or PC-based instrument, comprises a
display panel for showing the programmable options and the estimated life of the patch based

on the selected parameters.

Brief Description of the Drawines

[0023] The above and other aims, objectives, aspects, features and advantages
of the invention will be better understood from a consideration of the following detailed
description of the best mode contemplated for practicing the invention, taken with reference

to certain preferred embodiments and methods, and the accompanying drawings in which:

[0024] FIG. 1 is a view of the cardiac test patch programmed wirelessly by a

hand-held programming device;

[0025] FIG. 2 is a view of the cardiac test patch programmed wirelessly by a

PC-based programming device;

[0026] FIG. 3 is a top view of the cardiac test patch having 3 electrodes,

flexible circuit, battery, and recording switch;
[0027] FIG. 4 shows a two-electrode band-shaped embodiment;

[0028] FIG. 5 shows an embodiment of the ECG patch with 4 electrodes and

an LCD indicator; and

[0029] FIG. 6 shows optical transmission of a preformatted ECG report to a

printer device.
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Detailed Description of the Presently Contemplated Best Mode of Practicing Invention

[0030] The invention, shown in various embodiments of FIGS. 1-6 is a
disposable programmable patch for non-invasive detection of ECGrrisk patterns according to
programmed criteria. The patch 10 is thin, flat, and flexible for placement on the upper body
of a person whose heart is being examined. The sensor paich relies on surface
electrocardiogram (ECG) for detecting changes and trends in the ECG according to the
programmed monitoring parameters. An application of particular interest is monitoring the
performance of cardioactive drugs and assessing the regimen or safety of the medication.
These drugs can be targeted for cardiac disease or non-cardiac ailments with possible cardiac
risks. A related application is for obtaining safety and efficacy data for pharmaceutical firms
seeking regulatory approvals for their new or experimental drugs. Another application is
programming heart rate limits for a cardiac patient during stress or exercise. For example, a
cardiac patient can be given the invented patch programmed to alert for the occurrence of risk
patterns in the ECG. An alarm transducer, integrated within the patch, may be of any suitable
form for perception by the cardiac patient including a buzzer, visible light indicator or

vibratory transducer.

[0031] The smart patch of the present invention is fully self-contained and
self-powered. In the application of drug monitoring, the patch analyzes the ECG for an
extended period of time spanning one or more weeks. The physician, clinician or medical
researcher selects monitoring and detection parameters, referred to here generally as
parameters, which are programmed into the patch according to the individual being evaluated
or the individual group being studied. For example, a patient at risk of certain type of
arrhythmia may be monitored specifically to detect premature atrial contractions (PAC).
Others may be monitored for changes, in absolute or relative terms, in ECG segments such as

ST segment shifts or QT interval.

[0032] Referring to the embodiment of FIG. 1, the programmable sensor
patch 10 is programmed by an external handheld programmer S, which communicates
wirelessly and sends wireless commands via wireless signals 6. The sensor patch 10
comprises wireless sensor element shown as an infrared transceiver 37 which receives
wireless signals 6 sent by wireless transmitter 7 shown as light emitting diode (LED)
incorporated in programmer 5. The programming parameters are selected by keypad 9 and
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displayed on the display unit 8 of the programiner 5. For bi-directional wireless transmission,
wireless signals are transmitted from infrared transceiver 37 within patch 10 to optical

detector 4 within hand held programmer 5.

[0033] Referring to an alternate embodiment of FIG. 2, the patch programmer
45 is a personal computer (PC) communicating wirelessly via radio frequency (RF ) signals 48
to send programmable parameters to programmable patch 10. The patch incorporates an RF
wireless antenna 49 and receiver circuit (not shown) for achieving wireless communications
to and from PC programmer 45 via its RF transceiver port 44. The transceiver port 44 is
alternatively provided in plug-in interface device (not shown). Similarly, monitoring and

detection parameters are selected using keypad 47 and display 46.

[0034] Referring to the embociiment of FIG. 3, the programmable sensor
patch 10 comprises three ECG electrodes 21, 22, and 23, an ECG amplifier 31, a processor
33, and a battery 35. The processor 33 is typically a microprocessor or a digital signal
processor for performing numerical computation on data obtained from an analog-to-digital
converter 32. The sensor patch 10 also incorporates a memory 34, referring generally here to
all types of solid-state memory for storage of program data, acquired ECG data and
programmable parameters. A record switch 50 allows the user to manually record a cardiac

event whenever felt.

[0035] The electronic assembly of the patch is formed of a flexible circuit
substrate 20 with trace extensions to the electrodes 21, 22, 23, and to the battery 35.
Conductive gel (not shown) covers the electrodes to conduct surface ECG potentials from the
skin to the electrodes and subsequently t\o the ECG amplifier 31. The electrodes may be pre-
gelled or alternately made for dry metal contact with electrodes directly contacting the skin. A
non-conductive adhesive, i.e. Hydrogel, is preferably provided (not shown) at the skin contact
surface for enhancing adhesion of the patch 10 to the skin. The patch 10 also comprises a thin
substrate 28 for providing structural support. The substrate 28 is preferably made of soft
flexible sheath material, such as polyurethane or cotton. The thickness of the patch device 10
(shown not to scale for clarity) is preferably in the range of 1.5 and 2.5 mm, but preferably no

more than 3 mm for providing extremely low profile unobtrusive wear.
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[0036] Non-conductive waterproof adhesive 39 present at the perimeter of the
interior side of the patch prevents water entry and provides long term adhesion to the skin.
The waterproof skin adhesive 39 prevents contamination of electrodes medially positioned
thus maintaining long-term integrity of the skin-electrode electrical conductivity. This is
important for providing Iong term function of the programmable patch while allowing the
user to be exposed to water such as during bathing and swimming. The substrate 28, adhesive
39 and other materials used in the design of the patch are preferably air permeable in order to
provide healthy air circulation to the skin and prevent moisture accumulation and
contamination due to perspiration. Anti-microbial agents are preferably incorporated in the
design of the invented patch, particularly in skin contact materials to prevent contamination
of the patch and infection of the skin during an extended wear of the device. In the preferred
embodiments, the patch is self-adhered. A porous and/or air permeable waterproof cover 29
protects the outer surface of the patch from external water exposure while allowing drying of

the skin during perspiration.

[0037] In the embodiments of FIG. 3, the programmable heart monitor patch
10 comprises three ECG electrodes for placement on the heart area 3 as shown in FIG. 1. The
electrodes are arranged to provide a modified three-lead configuration with the electrodes 21,
22, 23 representing right arm (RA), left arm (LA) and left leg (LL) leads as in standard ECG
instrumentation. This configuration results in lead measurements Lead-I, Lead-II, Lead-II1.
FIG. 4 shows a band-shaped patch 11 with a two-electrode embodiment, E; and E,, for
sensing the surface ECG. A wireless receiver 40 is provided to receive wireless commands

from an external programmer as discussed above.

[0038] The invented patch is particularly suited to automatically detect cardiacA
events or subtle changes in the ECG waveform as per the criteria programmed into the patch.
These risk patterns often elude conventional ECG instruments and monitoring methods
spanning only a few minutes. Since the invented patch is waterproof and designed for
continuous wear, even during showering and swimming, ECG changes and cardiac events are
readily detected and recorded for documentation. Automatic detection and recording occurs
by continuously monitoring and analyzing ECG data by the processor 33. Manual recording
is optionally provided by a record switch 50 (FIG. 3), which is activated when the patient

becomes aware of a cardiac episode. The activation of the switch 50 triggers a recording
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session of a predetermined length, for example 3 minutes prior to activation (pre-activation)
plus 2 minutes post-activation. This method ensures detection and recording of even the

most transient episodes.

[0039] Real-time ECG analysis provided by the invented patch allows for
automatic detection of risk patterns that can lead to increased risk of a heart attack. These risk
patterns are detected by comparing the characteristics of current ECG with prior ECG data
according to the programmed limits. For example, shifts in certain segments of the ECG,
such as the ST-segment, QT interval or QRS width, can be detected and recorded if any
exceed the programmed limit. By recording mostly the risk patterns, rather than continuous
ECG data, memory size requirement is minimal for a smaller more wearable patch device

than conventional ambulatory monitors.

[0040] The detection of risk patterns and cardiac events can be indicated by an
optional indicator. In the embodiment shown in FIGS. 1 and 3, a light emitting diode (LED)
indicator 36 is provided. The indicator may be multi-colored to indicate different levels of
risks. For example, a blinking green LED light can indicate a normal heart function while a
red LED light indicates a risk condition. The LED can also be used to indicate proper patch

operation.

[0041] Other possible forms of the indicator includes audible transducer such
as a buzzer (not shown) or a speaker (not shown) and other visual types, such as a liquid
crystal display (LCD) 38 as shown in FIG. 5. The advantage of an LCD indicator is to
communicate more clearly the operation of the patch and condition detected. A key feature
of the invention in all of its embodiments is integrating in a single low cost patch the
combination of ECG analysis and risk detection. FIG. 5 shows a 4-electrode embodiment of
the patch with fourth electrode 24 included. This and other electrode configurations are
possible, as will become obvious to those skilled in the art of ECG measurements. Because
the electrodes are integrated within the patch of the invention, motion artifact is significantly
reduced when compared to standard ECG with separate electrodes and cabling. F urthermore,

the integrated patch allows for inconspicuous, convenient long-term ambulatory applications.
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[0042] Long-term signal processing by processor 33 is particularly suited for

performing long term signal processing techniques such as signal averaging to enhance the

details of the sensed ECG. Signal-averaged ECG involves the averaging of a large number of

ECG periods, particularly for QRS, ST or QT segments, to remove noise artifacts and

enhance the detection of small fluctuations over time.

[0043] The duty cycle and profile of the monitoring operation can be
programmed from continuous monitoring to periodic sensing for prolonging battery life and
extending patch operation. For example, the physician may program the patch to monitor the
QT segment for only 3 minutes every hour and to record daily averages and limits. A
summary report is then downloaded wirelessly. The operational life of the invented patch can
be estimated and displayed by the programmer instrument based on programmed options

selected, particularly the duty cycle profile, which largely determines the consumption rate.

[0044] Another application of the present invention is for monitoring the
performance of implanted pacemakers and defibrillators. The invented patch can be
programmed to monitor the proper activity of these implants to ensure correct device function
and proper lead attachment. The patch can also be programmed to set off its alarm according
to the alarm criteria programmed by the physician. This can be particularly beneficial for

new implant users.

[0045] A unique feature of the present invention is the wireless transmission
of a preformatted report to a generic reporting device such as a printer or a wireless network.
This allows for generation of a cardiac test report 53 without resorting to specialized
instruments. FIG. 6 shows the invented patch 10 having an infrared transceiver 37 for
sending infrared signal 52 to a printer 51 for printing a cardiac report 53. Many standard
printers are equipped with wireless sensors and respond to standard wireless protocols, such
as IrDA (Infrared Data Association). An optocoupler transceiver 37, incorporating an infrared
LED and an optocoupler sensor, allows for bi-directional wireless communication with a

reporting device. Similarly, using radio frequency (RF) transmitter (not shown), a report can
be sent to a wireless printer or wireless network using standard RF protocols such as
Bluetooth® and IEEE802®. With this method, the user or a clinician can place the patch in
proximity to a wireless reporting device for obtaining a cardiac report 53. This report is
generated internally by the processor 33 and sent wirelessly, either automatically when in
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proximity to a reporting device, or manually by activating a switch. For example by
incorporating a reed-switch in the patch (not shown), which can be activated by a magnet

placed in proximity to the patch when printing or reporting is desired.

[0046] The invented patch performs the analysis and formatting of results
internally and sends the report directly to a generic printer or a generic network application
such as Microsoft® Internet Explorer (Internet browser). In the later case, a report is
wirelessly transmitted to the browser application by the invented patch. Once the report is
loaded, it is then printed or relayed to a remote monitoring station via the Internet. An

authentication screen is optionally transmitted prior to loading the personal data.

[0047] The ability to generate a cardiac report wirelessly and directly to a
generic reporting device, as provided by the present invention, simplifies the delivery of
cardiac monitoring information. For example, an individual under clinical investigation can
wear the invented disposable programmable ECG patch and generate a daily report using a
standard printer or standard wireless network. To ensure privacy and authentication of data,
an access code can be provided with each patch for entering into an authentication screen
prior to viewing or forwarding to a remote monitoring station. The present invention in this
embodiment simplifies cardiac monitoring by eliminating the need for specialized

instruments or training.

[0048] ECG data can also be sent to a remote location via standard trans-
telephonic methods (not shown) whereby a telephone line adapter device can be used to
translate ECG reports from the patch to the telephone line. The adapter unit can communicate
wirelessly to the patch via infrared or RF signals and subsequently dial the reporting center
and transmit the cardiac report to the monitoring station. The wireless transmission of cardiac
data may be accomplished in numerous ways and methods known in the field of medical
devices and wireless data transmission. This includes optical and RF means as shown above,
magnetic, ultrasonic, and acoustic transmission. Inductive coupling through a coil (not
shown) can also be used to transmit data, as well as for powering the patch externally during

the transmission after depletion of battery power.
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Claims:

1. A disposable programmable cardiac test patch for non-invasive monitoring of a
person’s ECG, comprising:

a self adhering surface of said patch for securing said patch to a selected location on
the body of said person;

a battery;

at least two electrodes for contacting the patient’s skin at said location to receive
sutface ECG signals, when said patch is secured at said location;

an amplifier electrically coupled to said electrodes for amplifying said received ECG
signals;

a processor responsive to the amplified ECG signals for detecting a risk pattern in
the ECG according to at least one programmable monitoring parameter;

a memory coupled to said processor for storing said at least one programmable
monitoring parameter; and

means for receiving a wireless programming signal, representing said at least one
programmable monitoring parameter, from an external programming device and loading

thereof into said memory.

2. The programmable patch of claim 1 further comprising an indicator for

indicating the occurrence of a detected risk pattern.

3. The programmable patch of claim 1 further comprising means for wirelessly

transmitting cardiac data to an external reporting device via wireless signal.

4, The programmable patch of claim 3, wherein said reporting device is a printer.

5. The programmable patch of claim 3, wherein said wireless signal includes any

of infrared signal or radio frequency signal.
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6. The programmable patch of claim 1 wherein said monitoring parameter
represents any of heart rate, heart rate variability, arrhythmia, syncope episode, block, ECG

segment position, ECG segment interval and monitoring duty cycle profile.

7. The programmable patch of claim 1 further comprising a switch for recording a

cardiac event felt by said person wearing said patch.

8. The programmable patch of claim 1, wherein said detection of a risk pattern
includes means selected from any of:

a) measurement of ECG segment baseline and comparison with a prior ECG
segment baseline; and

b) signal averaging of periodic ECG segment.

9. The programmable patch of claim 1, wherein said patch is utilized for

monitoring the cardiac effect of a cardioactive medication. -

10.  The programmable patch of claim 1, wherein said patch is waterproof and air-

permeable for extended wear exceeding 7 days.

11.  The programmable patch of claim 1, wherein said patch is utilized to alert a

cardiac patient of a cardiac risk during physical activity including exercise

12.  The programmable patch of claim 1, wherein said patch is utilized for

monitoring the performance of an implanted cardiac control device.

13. A disposable cardiac test patch for continuous wear on a selected location on
the body of a person taking a cardioactive drug for non-invasive monitoring of ECG and
evaluating the cardiac effect of said cardioactive drug, said patch comprising:

a self adhering surface of said patch for securing said patch to a selected location on
the body of said person;

a battery;
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at least two electrodes for contacting the patient’s skin at said location o receive
surface ECG signals, when said patch is secured at said location;

an amplifier electrically coupled to said electrodes for amplifying said received ECG
signals;

a processor responsive to the amplified ECG signals for detecting changes in ECG
patterns according to at least one monitoring parameter; and

means for detecting changes in ECG patterns by said processor, said changes resulting

from taking said cardioactive drug.
14.  The test patch of claim 13, further comprising means for receiving a wireless
programming signal from an external programming device to configure said at least one

monitoring parameter for detecting changes in ECG patterns.

15.  The test patch of claim 13 further comprising an indicator transducer for

alerting to a detected risk pattern in the ECG.

16.  The test patch of claim 13 further comprising means for recording the ECG

within memory integrated within said patch and wireless playback of recorded ECG.

17.  Thetest patch of claim 13, wherein said patch is programmable to operate at a

selected duty cycle profile.

18. A disposable programmable cardiac test patch for non-invasive ECG
monitoring of a person implanted with a cardiac implant device, said patch comprising:

a self adhering surface of said patch for securing said patch to the chest area of said
person;

a battery;

at least two electrodes for contacting the patient’s skin at said chest area to receive
surface ECG signals, when said patch is secured atgsaid location;

an amplifier electrically coupled to said electrodes for amplifying said received ECG

signals;
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a processor responsive to the amplified ECG signals for detecting a risk pattern
according to at least one programmable monitoring parameter;

a memory coupled to said processor for storing said at least one programmable
monitoring parameter; and

means for receiving a wireless programming signal, representing said at least one
programmable monitoring parameter, from an external programming device and loading

thereof into said memory.

19.  Amethod of non-invasive cardiac monitoring of a subject taking a cardioactive
drug comprising the steps of:

a) applying a self-adhered cardiac patch comprising; two or more electrodes for
contacting a person’s skin surface and receiving a surface ECG signal; an amplifier for
amplifying said ECG signals from said electrodes; a processor for performing analysis of said
amplified ECG signals; memory for holding at least one monitoring parameter;

b) monitoring the ECG by said processor according to said at least one monitoring
parameter while subject is undertaking said cardioactive drug;

c) detecting a risk pattern of the ECG by said processor according to said at least

one monitoring parameter.

20.  The method of claim 19 further comprising the step of receiving a wireless
programming signal, representing said at least one monitoring parameter, from an external

programming device and loading thereof into said memory.

21.  The method of claim 19 further comprising the step of indicating a detected

risk condition through an indicator integrated within said patch.

22. A method of non-invasive cardiac monitoring of a subject implanted with a
cardiac control device comprising the steps of?

a) applying a self-adhered cardiac patch comprising; two or more electrodes for
contacting a person’s skin surface and receiving a surface ECG signal; én amplifier for

amplifying said ECG signals from said electrodes; a processor for performing analysis of said
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amplified ECG signals; memory for holding at least one monitoring parameter;

b) sending a wireless programming signal, representing any of said at least one
monitoring parameter, from an external programming device and loading thereof into said
memory;

c) monitoring the ECG by said processor according to said at least one monitoring
parameter;

d) detecting a risk pattern of the ECG according to said at least one monitoring

parameter.

23.  The method of claim 22 further comprising the step of indicating a detected

risk condition through an indicator integrated within said patch.

24.  Aselfadhering, disposable cardiac test patch for non-invasively monitoring the
ECG of a wearer of the patch, comprising:

a minjaturized, battery-powered electronic system for performing differential
measurements of the ECG, when said patch is adhered to said wearer’s body at a location
suitable for monitoring said ECG; said electronic system including

programmable means for programming said system to detect from said
differential measurements the occurrence of a predetermined risk pattern in the ECG
according to at least one stored ECG parameter; and

processor means responsive to said differential measurements for detecting said

risk pattern according to said at least one stored parameter.

25. A device-implemented method of non-invasively monitoring the ECG of a
subject with a device comprising a patch adhered to the subject’s body at a location suitable
for said monitoring, comprising the steps of:

a) storing at least one ECG parameter in programmable patch memory
representative of a predetermined risk pattern in an ECG;

b) performing differential measurements of the ECG in said patch; and

c) detecting from said differential ECG measuremerits the occurrence of said

predetermined risk pattern, according to said at least one stored ECG parameter.
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1 26.  The device-implemented method of claim 25, further including the step of
2 indicating the occurrence of said detected risk pattern to at least one of said subject, a remote

3  observer, and a remote recorder.
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