5/089643 A1 | IV VY0 A0 0 A

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

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
29 September 2005 (29.09.2005)

(10) International Publication Number

WO 2005/089643 A1l

(51) International Patent Classification’: A61B 5/0402
(21) International Application Number:
PCT/US2005/006984

(22) International Filing Date: 3 March 2005 (03.03.2005)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

10/795,126 5 March 2004 (05.03.2004) US

(71) Applicant (for all designated States except US): CAR-
DIAC PACEMAKERS, INC. [US/US]; 4100 Hamline
Avenue North, St. Paul, MN 55112-5798 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): MCCABE, Aaron
[US/US]; 1901 Emerson Avenue South #108, Minneapolis,
MN 55403 (US). SCHEINER, Avram [US/US]; 4403
Meadowood Circle, Vadnais Heights, MN 55127 (US).
ZHANG, Geng [US/US]; 792 Alderdale Ct., Newbury
Park, CA 91320 (US). NI, Quan [CN/US]; 5812 Prairie

(74)

(81

(84)

Ridge Dr., Shoreview, MN 55126 (US). DAUM, Douglas,
R. [US/US]; 7050 - 23rd Street North, Oakdale, MN
55128 (US). ZHANG, Yi [CN/US]; 11871 Isanti Street
NE, Blaine, MN 55449 (US).

Agents: STEFFEY, Charles, E. et al.; Schwegman, Lund-
berg, Woessner & Klut, P.A., P.O. Box 2938, Minneapolis,
MN 55402 (US).

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, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SM, SY, TJ,
™™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA,
ZM, ZW.

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,

[Continued on next page]

(54) Title: WIRELESS ECG IN IMPLANTABLE DEVICES

2A0A

J2AN)

ELECTRODE

22

A

PROGRAMMABLE
SENSE
INTERFACE

ELECTRODE

2011
FLECTRODE

WEEN

203

i

INPUT

()

PROGRAUMABLE
SENSING
CIRCUIT

A

INPUT

2N

| )

E_ECTRODE

ADDITIONAL

234

COMMAND
RECEMER

PROCESSOR

ELECTRODES

IMPLANTABLE MEDICAL DEVICE

SIGNAL
APPRCXIMATING
SURFACE ECG

& (57) Abstract: An implantable medical device (220A) such as an implantable pacemaker or implantable cardioverter/defibrillator
& includes a programmable sensing circuit (222) providing for sensing of a signal approximating a surface electrocardiogram (ECG)
through implanted electrodes (210A, 210B). With various electrode configurations, signals approximating various standard surface
ECG signals are acquired without the need for attaching electrodes with cables onto the skin. The various electrode configurations
include, but are not limited to various combinations of intracardiac pacing electrodes, portions of the implantable medical device
contacting tissue, and electrodes incorporated onto the surface of the implantable medical device.

e
=



WO 2005/089643 A1 1IN} A000H0 AT 000 00 00

FR, GB, GR, HU, IE, IS, IT, LT, LU, MC, NL, PL, PT, RO, —  before the expiration of the time limit for amending the
SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, claims and to be republished in the event of receipt of
GQ, GW, ML, MR, NE, SN, TD, TG). amendments

For two-letter codes and other abbreviations, refer to the "Guid-
Published: ance Notes on Codes and Abbreviations" appearing at the begin-
—  with international search report ning of each regular issue of the PCT Gazette.



WO 2005/089643

10

15

25

30

WIRELESS ECG IN IMPLANTABLE DEVICES

Claim of Priority

Benefit of priority is hereby claimed to U.S. Patent Application Serial
Number 10/795,126, filed on March 05, 2004, which application is herein

incorporated by reference.

Field of the Invention

This document generally relates to cardiac rhythm management (CRM)
systems and particularly, but not by way of limitation, to such systems using an
implantable medical device to sense a signal that approximates a surface

electrocardiogram (ECG).

Background

The heart is the center of a person’s circulatory system. It includes a
complex electro-mechanical system that draws oxygenated blood from the lungs
and pumps it to the organs of the body to provide the organs with their metabolic
needs for oxygen, and draws deoxygenated blood from the organs and pumps it
into the lungs where the blood gets oxygenated. In a heart having a normal
electrical system, the sinoatrial node, the heart’s natural pacemaker, generates
electrical signals, called action potentials, that propagate through an electrical
conduction system to various regions of the heart to excite myocardial tissues in
these regions. Coordinated delays in the propagations of the action potentials in
anormal electrical conduction system cause the various regions of the heart to
contract in synchrony such that the pumping functions are performed efficiently.
The function of the electrical system is indicated by a biopotential signal sensed
with at least two electrodes attached on the skin or implanted in the body. When
the electrical system functions abnormally, the biopotential signal shows that
contractions at one or more cardiac regions are chaotic and asynchronized. Such
conditions are known as cardiac arrhythmias. Timing and morphological
information contained in the biopotential signal is used to diagnose the type of

arrhythmia and/or determine an appropriate therapy.

PCT/US2005/006984



WO 2005/089643

10

15

20

30

When the biopotential signal is sensed with electrodes attached onto the
skin, the sensed signal is commonly referred to as surface electrocardiogram
(ECG), or simply ECG. Various standard ECG signals (vectors) are recorded for
diagnostic purposes with different combinations of electrode locations. When
the electrodes are implanted underneath the skin, the sensed signal is referred to
as subcutaneous ECG or far-field electrogram. When at least one electrode is
placed in or on the heart, the sensed signal is referred to as electrogram or
intracardiac electrogram. Surface ECG is widely used for diagnostic purposes
and provides for information on the global electrical performance of the heart.
Subcutaneous ECG is known to closely approximate the surface ECG. In
contrast, intracardiac electrogram indicates localized electrical performance and
may not contain sufficient information for general diagnostic purposes.
Implantable medical devices such as cardiac pacemakers and
cardioverter/defibrillators sense intracardiac electrograms for timing the delivery
of therapeutic electrical energy. Though such an implantable medical device is
capable of acquiring intracardiac electrograms and transmitting the electrograms
for display in an external device, physicians may still need the surface ECG for
diagnostic and therapeutic purposes. The skin contact electrodes and the cables
connecting the electrodes to an ECG recorder, as required for recording the
surface ECG, may become cumbersome, for example, during an operation such
as the implantation of the implantable medical device or during a patient
examination where ECG is recorded during exercise. Regular in-home ECG
monitoring may be impractical in the absence of a physician or other trained
caregiver.

While studies have shown that signals acquired with implanted electrodes
of certain configurations approximate surface ECG signals, there is a need to
implement a system to acquire a signal substituting for various standard surface

ECG signals using an implantable medical device.

Summary
A CRM system includes an implantable medical device such as an

implantable pacemaker or implantable cardioverter/defibrillator. The
implantable medical device includes a programmable sensing circuit providing

2
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for sensing of a signal approximating a surface ECG through implanted
electrodes. With various electrode configurations, signals approximating various
standard surface ECG signals are acquired without the need for attaching
electrodes with cables onto the skin.

In one embodiment, a CRM system includes a plurality of implantable
electrodes and an implantable device. The implantable electrodes include at
least a first electrode and a second electrode selectable for sensing a cardiac
signal approximating a surface ECG. The implantable medical device includes a
sensing circuit, a processor, and a programmable sense interface. The sensing
circuit includes a first sense input and a second sense input being a pair of
differential inputs for sensing the cardiac signal approximating the surface ECG.
The gain of the sensing circuit is programmable for at least a surface ECG gain
selectable for sensing the cardiac signal approximating the surface ECG and an
electrogram gain selectable for sensing an intracardiac electrogram. The
frequency response of the sensing circuit is programmable for at least a surface
ECG pass band selectable for sensing the cardiac signal approximating the
surface ECG and an intracardiac electrogram pass band selectable for sensing an
intracardiac electrogram. The processor controls the operation of the sensing
circuit. It includes a command receiver to receive an ECG acquisition
command. The programmable sense interface provides at least a first electrical
connection and a second electrical connection in response to the ECG acquisition
command. The first electrical connection connects the first electrode to the first
sense input. The second electrical connection connects the second electrode to
the second sense input.

In one embodiment, a CRM system includes a plurality of implantable
electrodes and an implantable medical device. The plurality of implantable
electrodes are incorporated onto the implantable medical device and configured
for sensing cardiac signals each approximating a surface ECG vector. The
implantable medical device includes a sensing circuit, a processor, and a
programmable sense interface. The sensing circuit includes a plurality of
sensing channels providing for simultaneous sensing of the cardiac signals. The
processor controls the operation of the sensing circuit. It includes a command
receiver to receive an ECG acquisition command. The programmable sense
interface provides a plurality of pairs of electrical connections. Each pair

3
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connects between one of the plurality of sensing channels and two electrodes
selected from the plurality of implantable electrodes.

In one embodiment, an implantable medical device includes a sensing
circuit, a hermetically sealed can, and at least two concentric electrodes. The
sensing circuit is programmable for a frequency response suitable for sensing a
surface ECG, and includes a first sense input and a second sense input being a
pair of differential inputs for sensing a cardiac signal. The hermetically sealed
can houses a circuit including at least portions of the sensing circuit. The can
has an outer surface subject to contact with body tissue. The concentric
electrodes are incorporated onto the outer surface of the can. These concentric
electrodes include at least an inner electrode and an outer electrode. The inner is
coupled to the first sense input. The outer electrode is coupled to the second
sense input.

In one embodiment, a method provides for acquisition of a signal
approximating a surface ECG using an implantable medical device. The
acquisition starts in response to receiving an ECG acquisition command. A pass
band of a sensing circuit of the implantable medical device is programmed for a
surface ECG pass band. A sense interface of the implantable medical device is
programmed to electrically connect at least two electrodes to the sensing circuit.
A cardiac signal is sensed after the sensing circuit and the sense interface are
programmed.

This Summary is an overview of some of the teachings of the present
application and not intended to be an exclusive or exhaustive treatment of the
present subject matter. Further details about the present subject matter are found
in the detailed description and appended claims. Other aspects of the invention
will be apparent to persons skilled in the art upon reading and understanding the
following detailed description and viewing the drawings that form a part thereof,
each of which are not to be taken in a limiting sense. The scope of the present

mvention is defined by the appended claims and their equivalents.

Brief Description of the Drawings

In the drawings, which are not necessarily drawn to scale, like numerals
describe similar components throughout the several views. The drawings
illustrate generally, by way of example, but not by way of limitation, various

4
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embodiments discussed in the present document. The drawing are for
illustrative purposes only and not to scale nor anatomically accurate.

FIG. 1 is an illustration of an embodiment of a CRM system, including
an implantable medical device and an external system, and portions of an

5  environment in which it is used.

FIG. 2A is a block diagram illustrating one embodiment of portions of
the circuit of the implantable medical device providing for wireless ECG
sensing.

FIG. 2B is a block diagram illustrating another embodiment of portions

10  ofthe circuit of the implantable medical device providing for the wireless ECG
sensing.

FIG. 3A is an illustration of one exemplary electrode system for the
wireless ECG sensing.

FIG. 3B is an illustration of another exemplary electrode system for the

15  wireless ECG sensing.

FIG. 3C is an illustration of another exemplary electrode system for the
wireless ECG sensing.

FIG. 3D is an illustration of another exemplary electrode system for the
wireless ECG sensing.

20 FIG. 3E is an illustration of another exemplary electrode system for the
wireless ECG sensing.

FIG. 3F is an illustration of another exemplary electrode system for the
wireless ECG sensing.

FIG. 3G is an illustration of an exemplary electrode system for multiple

25  vector wireless ECG sensing.

FIG. 4 is a block diagram showing one embodiment of portions of the
circuit of the implantable medical device.

FIG. 5 is a block diagram showing one embodiment of portions of the
CRM system including the implantable medical device and the external system.

30 FIG. 6 is a flow chart illustrating one embodiment of a method for a

wireless ECG sensing using an implantable medical device.
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Detailed Description

In the following detailed description, reference is made to the
accompanying drawings which form a part hereof, and in which is shown by
way of illustration specific embodiments in which the invention may be
practiced. These embodiments are described in sufficient detail to enable those
skilled in the art to practice the invention, and it is to be understood that the
embodiments may be combined, or that other embodiments may be utilized and
that structural, logical and electrical changes may be made without departing
from the spirit and scope of the present invention. The following detailed
description provides examples, and the scope of the present invention is defined
by the appended claims and their equivalents.

EE N 13

It should be noted that references to “an”, “one”, or “various”
embodiments in this disclosure are not necessarily to the same embodiment, and
such references contemplate more than one embodiment.

This document discusses a cardiac rhythm management (CRM) system
that provides for sensing of a signal approximating the surface ECG using an
implantable medical device, thus eliminating the need of attaching skin contact
electrodes and the wires/cables connecting the electrodes and an ECG recorder.
Studies have shown signals sensed using electrodes implanted in certain
locations within a body approximate the surface ECG, i.e., contain some or all of
the information extractable from the surface ECG. Such signals are usable for
diagnostic and other purposes as a substitute for the surface ECG.

In this document, a “user” includes a physician or other caregiver using
the CRM system to treat a patient. “Surface ECG” includes a cardiac electrical
signal sensed though electrodes attached to the skin surface. “Subcutaneous
ECG” includes a cardiac electrical signal sensed though implantable electrodes
placed under the skin and is similar to the surface ECG in terms of
characteristics and diagnostic information contained. “Electrogram” includes a
cardiac electrical signal sensed though implantable electrodes placed in or on the
heart. “Wireless ECG” includes a signal approximating the surface ECG,
acquired without using surface (skin contact) electrodes.

FIG. 1 is an illustration of an embodiment of portions of a CRM system
100 and portions of the environment in which system 100 is used. CRM system

100 includes an implantable system 115, an external system 155, and a telemetry
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link 145 providing for bidirectional communication between implantable system
115 and external system 155. Implantable system 115 includes an implantable
medical device 120 and a lead system 108. Implantable medical device 120 is
implanted within a body 102 and coupled to a heart 105 via lead system 108.
Examples of implantable medical device 120 include, but are not limited to,
pacemakers, pacemaker/defibrillators, cardiac resynchronization devices, cardiac
remodeling control devices, and cardiac monitors. In one embodiment, lead
system 108 includes multiple atrial and ventricular leads. In one embodiment,
external system 155 includes a programmer. In another embodiment, external
system 155 is a patient management system including an external device 150 in
proximity of implantable device 140, a remote device 170 in a relatively distant
location, and a telecommunication network 160 linking external device 150 and
remote device 170. The patient management system allows access to
implantable system 115 from a remote location, for purposes such as monitoring
patient status and adjusting therapies. In one embodiment, telemetry link 145 is
an inductive telemetry link. In an alternative embodiment, telemetry link 145 is
a far-field radio-frequency telemetry link. In one embodiment, telemetry link
145 provides for data transmission from implantable medical device 120 to
external system 155. This may include, for example, transmitting real-time
physiological data acquired by implantable medical device 120, extracting
physiological data acquired by and stored in implantable medical device 120,
extracting therapy history data stored in implantable medical device 120, and
extracting data indicating an operational status of implantable medical device
120 (e.g., battery status and lead impedance). In a further embodiment,
telemetry link 145 provides for data transmission from external system 155 to
implantable medical device 120. This may include, for example, programming
implantable medical device 120 to acquire physiological data, programming
implantable medical device 120 to perform at least one self-diagnostic test (such
as for a device operational status), and programming implantable medical device
120 to deliver at least one therapy.

FIG. 2A is a block diagram illustrating one embodiment of portions of
the circuit of an implantable medical device 220A providing for wireless ECG
sensing. Implantable medical device 220A is a specific embodiment of

implantable medical device 120 and includes, among other components, a
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programmable sensing circuit 222 to sense a cardiac signal. Programmable
sensing circuit 222 includes a pair of differential inputs, sense inputs 223 and
224, to sense the cardiac signal through electrodes 210A and 210B. Electrodes
210A and 210B are configured and placed in locations selected for sensing a
signal approximating the surface ECG in body 102. In one embodiment,
programmable sensing circuit 222 is programmable for a frequency response
suitable for sensing the wireless ECG. In one embodiment, programmable
sensing circuit 222 is programmable for at least a frequency response suitable for
sensing the wireless ECG and another frequency response suitable for sensing an
intracardiac electrogram.

FIG. 2B is a block diagram illustrating another embodiment of portions
of the circuit of an implantable medical device 220B providing for the wireless
ECG sensing. Implantable medical device 220B is another specific embodiment
of implantable medical device 120 and further includes a programmable sense
interface 230. Programmable sense interface 230 includes a plurality of sense
interface inputs and one output connected to sense input 223 and another output
connected to sense input 224. The sense interface inputs connect to a plurality of
electrodes including electrodes 210A and 210B. Programmable sense interface
230 provides for selective connections between any two of the plurality of
electrodes to sense inputs 223 and 224. For example, during one period of time,
programmable sense interface 230 is programmed to connect electrode 210A to
sense input 223 and electrode 210B to sense input 224; during another period of
time, programmable sense interface 230 is programmed to connect electrode
210M to sense input 223 and electrode 210N to sense input 224. In general,
electrodes 210A, 210B, 210M, and 210N each refer to any one of a plurality of
electrodes available in implantable system 115 for use for the wireless ECG
sensing. Programmable sense interface 230 is programmable to connect a first
pair of electrodes to programmable sensing circuit 222 at one time, a second pair
of electrodes to programmable sensing circuit 222 at another time, and so forth.
If implantable medical device 220B includes a multi-channel sensing circuit,
such as multiple units of programmable sensing circuit 222 in parallel,
programmable sense interface 230 is programmable to connect multiple pairs of
electrodes each to one sensing channel to allow simultaneous sensing of multiple
signals each approximating one surface ECG vector.

8
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Implantable medical device 220B further includes a processor 232 to
control its operation. Processor 232 includes a command receiver 234 to receive
an ECG acquisition command and produces an ECG acquisition signal to start
sensing the cardiac signal. The cardiac signal, i.e., the signal approximating the
surface ECG, is being sensed while the ECG acquisition signal is present in
implantable medical device 220B. If the ECG acquisition signal is present,
programmable sensing circuit 222 and programmable sense interface 230 are
both programmed for sensing the signal approximating the surface ECG. The
ECG acquisition command is generated either from external system 155 or from
within implantable medical device 220B. In one embodiment, a user causes the
ECG acquisition command to be transmitted to implantable medical device 220B
when the surface ECG is needed. In another embodiment, processor 232
includes a detector to detect a predetermined condition and produces the ECG
acquisition command when the predetermined condition is detected. In one
specific embodiment, the detector includes an arrhythmia detector that detects an
arrhythmic episode from an electrogram. In another specific embodiment, the
detector includes an activity sensor such as an accelerometer sensing the body’s
gross physical movements and a respiratory sensor sensing minute ventilation.
In one specific embodiment, to acquire the signal approximating the surface
ECG during exercise, the detector produces the ECG acquisition command when
the sensed activity level exceeds a predetermined threshold. Thus, the ECG
acquisition is activated during exercise. In another embodiment, the activity
level is used to stop the acquisition of the signal approximating the surface ECG
when motion artifact on that signal becomes a concern. In one specific
embodiment, the detector detects the predetermined condition and produces the
ECG acquisition command on a continuous basis. In another specific
embodiment, the detector detects the predetermined condition and produces the
ECG acquisition command according to a built-in or user-programmable
schedule, such as on an hourly, daily, weekly, or other periodic basis. In this
embodiment, processor 232 includes a detection timer to activate and time the
detection of the predetermined condition according to the built-in or user-
programmable schedule.

In FIGS. 3A-F, various embodiments of electrodes 210A-B (or 210M-N)
are referenced as 210AA-BA, 210AB-BB, 210AC-BC, 210AD-BD, 210AE-BE,
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and 210AF-BF. In one embodiment, to sense the signal approximating the
surface ECG, electrode 210A is electrically connected to sense input 223, and
electrode 210B is electrically connected to sense input 224, where electrodes
210A-B include one of electrode pairs 210AA-BA, 210AB-BB, 210AC-BC,
210AD-BD, 210AE-BE, and 210AF-BF. In another embodiment, to sense the
signal approximating the surface ECG, programmable sense interface 230 is
programmed to provide an electrical connection between electrode 210A and
sense input 223 and another electrical connection between electrode 210B and
sense input 224, where electrodes 210A-210B include one of electrode pairs
210AA-BA, 210AB-BB, 210AC-BC, 210AD-BD, 210AE-BE, and 210AF-BF.
FIG. 3G illustrates an electrode system allowing multiple signals each
approximating one surface ECG vector.

FIG. 3A is an illustration of one exemplary electrode system for the
wireless ECG sensing. An implantable medical device 320A, which is a specific
embodiment of implantable medical device 120, is electrically connected to heart
105 through a lead system including, but not being limited to, leads 308 A and
308B. Electrodes used for the wireless ECG sensing are selected from pacing
electrodes of the lead system.

Implantable medical device 320A includes a hermetically sealed can 341
to house its circuit. The circuit housed in can 341 includes at least portions of
programmable sensing circuit 222. Can 341 has an outer surface subject to
contact with body tissue. Can 341 includes or provides for a base of a can
electrode 340. At least a portion of the outer surface of can 341 is made of
electrically conductive material. In one embodiment, can 341 is used as can
electrode 340. In one specific embodiment, can electrode 340 includes at least
one conductive portion of can 341. In another embodiment, can electrode 340 is
incorporated onto the outer surface of can 341. Can electrode 340 is electrically
insulated from any conductive portion of can 341 using a non-conductive layer.
In one specific embodiment, a hermetically sealed feedthrough including a
conductor provides for an electrical connection between can electrode 340 and
the circuit housed in can 341. A header 342 is attached to can 341 and includes
connectors 343A-B providing for electrical access to the circuit housed in can
341.

10
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As illustrated in FIG. 3 A, the lead system includes an atrial pacing lead
308A and a ventricular pacing lead 308B. Atrial pacing lead 308A has a
proximal end 314A and a distal end 313A. Proximal end 314A connects to
connector 343A. A tip electrode 312A is located in distal end 313A. A ring
electrode 210AA is located near distal end 313 A, at a predetermined distance
from tip electrode 312A. Ventricular pacing lead 308B has a proximal end 314B
and a distal end 313B. Proximal end 314B connects to connector 343B. A tip
electrode 312B is located in distal end 313B. A ring electrode 210BA is located
near distal end 313B, at a predetermined distance from tip electrode 312B. In
one specific embodiment, as illustrated in FIG. 3A, atrial pacing lead 308A is an
RA lead, and ventricular pacing lead 308B is an RV lead. In another specific
embodiment, atrial pacing lead 308A is an RA lead, and ventricular pacing lead
308B is an LV lead.

In one embodiment, to sense the signal approximating the surface ECG,
the ring electrode of the RA lead (electrode 210AA) is electrically connected to
sense input 223, and the ring electrode of the RV (or LV) lead (electrode
210BA) is electrically connected to sense input 224. In another embodiment, to
sense the signal approximating the surface ECG, programmable sense interface
230 is programmed to provide an electrical connection between the ring
electrode of the RA lead (electrode 210AA) and sense input 223 and another
electrical connection between the ring electrode of the RV (or LV) lead
(electrode 210BA) and sense input 224.

FIG. 3B is an illustration of another exemplary electrode system for the
wireless ECG sensing. An implantable medical device 320B, which is another
specific embodiment of implantable medical device 120, is electrically
connected to heart 105 through the lead system including leads 308A and 308B.
The ring electrode of ventricular pacing lead 308B is used as electrode 210AB,
and can electrode 340 is used as electrode 210BB, for sensing a signal
approximating the surface ECG. In one specific embodiment, as illustrated in
FIG. 3B, ventricular pacing lead 308B is an RV lead. In another specific
embodiment, ventricular pacing lead 308B is an LV lead.

In one embodiment, to sense the signal approximating the surface ECG,
the ring electrode of the RV (or LV) lead (electrode 210AA) is electrically
connected to sense input 223, and can electrode 340 (electrode 210BA) is

11
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electrically connected to sense input 224. In another embodiment, to sense the
signal approximating the surface ECG, programmable sense interface 230 is
programmed to provide an electrical connection between the ring of the RV (or
LV) lead (electrode 210AA) and sense input 223 and another electrical
connection between can electrode 340 (electrode 210BA) and sense input 224.

FIG. 3C is an illustration of another exemplary electrode system for the
wireless ECG sensing. Implantable medical device 320C is another specific
embodiment of implantable medical device 120. An electrode 210AC is
incorporated onto header 342. In one specific embodiment, implantable medical
device 320C includes an impedance sensor functioning as a respiratory sensor
sensing an impedance signal indicative of minute ventilation. Electrode 210AC
is an indifferent electrode of the impedance sensor. Can electrode 340 is used as
electrode 210BC.

In one embodiment, to sense the signal approximating the surface ECG,
electrode 210AC (e.g., the indifferent electrode of the impedance sensor) is
electrically connected to sense input 223, and electrode 210BC (can electrode
340) is electrically connected to sense input 224. In another embodiment, to
sense the signal approximating the surface ECG, programmable sense interface
230 is programmed to provide an electrical connection between electrode 210AC
(e.g., the indifferent electrode of the impedance sensor) and sense input 223 and
another electrical connection between electrode 210BC (can electrode 340) and
sense input 224.

In another embodiment, multiple electrodes are incorporated onto header
342. Any of electrodes are either dedicated for sensing the signal approximating
the surface ECG or also used for other purposes. Any of such electrodes can
function as electrode 210AC.

FIG. 3D is an illustration of another exemplary electrode system for the
wireless ECG sensing. Implantable medical device 320D is another specific
embodiment of implantable medical device 120. Concentric electrodes are
incorporated onto the outer surface of can 341. The concentric electrodes are
insulated from the conductive portion of can 341 with a non-conductive layer.
As shown in FIG. 3D, the pair of concentric electrodes include an inner electrode
210AD and an outer electrode 210BD. Inner electrode 210AD has a circular
shape. Outer electrode 210BD has a ring shape. In one embodiment, inner
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electrode 210AD has a surface area of about 15 to 50 mmz, and the outer
electrode has a surface area of about 50 to 150 mm”. In one specific
embodiment, inner electrode 210AD has a surface area of about 31.7 mm?, and
the outer electrode has a surface area of about 87.1 mm?. In one embodiment, a
hermetically sealed feedthrough including a conductor provides for an electrical
connection between inner electrode 210AD and the circuit housed in can 341,
and another hermetically sealed feedthrough including a conductor provides for
another electrical connection between outer electrode 210BD and the circuit
housed in can 341. In another embodiment, a hermetically sealed feedthrough
including two conductors provides for electrical access to the circuit housed in
can 341 for both inner electrode 210AD and outer electrode 210BD.

In one embodiment, to sense the signal approximating the surface ECG,
inner electrode 210AD is electrically connected to sense input 223, and outer
electrode 210BD is electrically connected to sense input 224. In another
embodiment, to sense the signal approximating the surface ECG, programmable
sense interface 230 is programmed to provide an electrical connection between
the inner electrode 210AD and sense input 223 and another electrical connection
between outer electrode 210BD and sense input 224.

FIG. 3E is an illustration of another exemplary electrode system for the
wireless ECG sensing. Implantable medical device 320E is another specific
embodiment of implantable medical device 120. A pair of concentric electrodes
1s incorporated (attached) onto the outer surface of can 341. The concentric
electrodes are electrically insulated from the conductive portion of can 341 using
a non-conductive layer. As shown in FIG. 3E, the pair of concentric electrodes
includes an inner electrode 210AE and an outer electrode 210BE. Inner
electrode 210AE has a circular shape. Outer electrode 210BE has a shape
approximating the contour of can 341. In one embodiment, inner electrode
210AE has a surface area of about 3 to 12 mmz, and the outer electrode has a
surface area of about 100 to 250 mm?. In one specific embodiment, inner
electrode 210AE has a surface area of about 7.9 mm?, and the outer electrode has
a surface area of about 170 mm?. In one embodiment, a hermetically sealed
feedthrough including a conductor provides for an electrical connection between
inner electrode 210AE and the circuit housed in can 341, and another
hermetically sealed feedthrough including a conductor provides for another
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electrical connection between outer electrode 210BE and the circuit housed in
can 341. In another embodiment, a hermetically sealed feedthrough including
two conductors provides for electrical access to the circuit housed in can 341 for
both inner electrode 210AE and outer electrode 210BE.

In one embodiment, to sense the signal approximating the surface ECG,
inner electrode 210AE is electrically connected to sense input 223, and outer
electrode 210BE is electrically connected to sense input 224. In another
embodiment, to sense the signal approximating the surface ECG, programmable
sense interface 230 is programmed to provide an electrical connection between
inner electrode 210AE and sense input 223 and another electrical connection
between outer electrode 210BE and sense input 224.

FIG. 3F is an illustration of another exemplary electrode system for the
wireless ECG sensing. Implantable medical device 320F is another specific
embodiment of implantable medical device 120. Implantable medical device
320F includes an antenna 344 for radio-frequency telemetry. Antenna 344 is
electrically connected to the circuit housed in can 341. In one embodiment, as
illustrated in FIG. 3F, antenna 344 projects from header 342 and extends along
one side of can 341. In one embodiment, antenna 344 includes a metal
conductor with a distal portion exposed for functioning as an antenna electrode
210AF. Can electrode 340 is used as electrode 210BF.

In one embodiment, to sense the signal approximating the surface ECG,
antenna 344/electrode 210AF is electrically connected to sense input 223, and
can electrode 340 is electrically connected to sense input 224. In another
embodiment, to sense the signal approximating the surface ECG, programmable
sense interface 230 is programmed to provide an electrical connection between
antenna 344/electrode 210AF and sense input 223 and another electrical
connection between can electrode 340 and sense input 224,

It is to be understood that the embodiments discussed with reference to
FIGS. 3A-E are intended to be examples but not limitations. Other electrode
configurations and selections are usable as long as they provide for sensing of
signals that approximates the surface ECG or otherwise contains valuable
information for diagnostic and/or therapeutic purposes. In various embodiments
in which multiple ECG vectors are needed, multiple pairs of electrodes are
selected, simultaneously or one at a time, for a multi-channel wireless ECG
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sensing. In one specific embodiment, multiple signals are sensed to approximate
a standard multi-lead surface ECG recording. In another specific embodiment,
multiple signals are sensed based on needs of specific information for particular
diagnostic purposes. The signals do not necessarily approximate standard
surface ECG vectors.

FIG. 3G is an illustration of an exemplary electrode system allowing
such multiple vector wireless ECG sensing. As illustrated in FIG. 3G, the
electrode system includes all the electrodes discussed above with reference to
FIGS. 3A-F. That is, the electrode system includes the tip and ring electrodes of
an atrial lead (A-TIP and A-RING), the tip and ring electrodes of one or more
ventricular leads (V-TIP and V-RING), the can of the implantable medical
device (can electrode), one or more electrodes incorporated onto the header of
the implantable medical device (header electrodes), two or more concentric
electrodes, and the antenna electrode. In one embodiment, to sense the signal
approximating the surface ECG, programmable sense interface 230 is
programmable to provide an electrical connection between one of these
electrodes and sense input 223 and another electrical connection between
another one of these electrodes and sense input 224. In other words,
programmable sense interface 230 is programmable to provide electrode
connection between programmable sensing circuit 222 and one pair of electrode
selected from any two electrodes available in implantable system 115. In one
embodiment, programmable sense interface 230 is programmed to connect
several pairs of electrodes to programmable sensing circuit 222, one at a time, to
obtain multiple signals (vectors). In another embodiment, programmable sense
interface 230 is programmed to connect several pairs of electrodes each to one
channel of a multi-channel sensing circuit (such as multiple units of
programmable sensing circuit 222 in parallel), to obtain multiple signals
(vectors) simultaneously. In these embodiments, the pair or pairs of electrodes
each include any combination of the electrodes for sensing the signal
approximating the surface ECG, including electrodes 210AA-AF, electrodes
210BA-BF, and any other electrodes in implantable system 115. In one specific
embodiment, the implantable medical device includes the two (first and second)
header electrodes and the can electrode for the wireless ECG sensing. ECG
vectors are sensed between (1) the first and second header electrodes, (2) the
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first header electrode and the can electrode, and (3) the second header electrode
and the can electrode. In another specific embodiment, the implantable medical
device includes one of the header electrodes, the antenna electrode, and the can
electrode for the wireless ECG sensing. ECG vectors are sensed between (1) the
header electrode and the antenna electrode, (2) the header electrode and the can
electrode, and (3) the antenna electrode and the can electrode. In another
specific embodiment, the implantable medical device includes the two (first and
second) header electrodes, the antenna electrode, and the can electrode for the
wireless ECG sensing. ECG vectors are sensed between (1) the first and second
header electrodes, (2) the first header electrode and the antenna electrode, (3) the
first header electrode and the can electrode, (4) the second header electrode and
the antenna electrode, (5) the second header electrode and the can electrode, and
(6) the antenna electrode and the can electrode. Other specific embodiments
involving any electrode combinations for the wireless ECG sensing will be
employed based on possible diagnostic and other medical needs and
considerations.

FIG. 4 is a block diagram showing one embodiment of portions of the
circuit of implantable medical device 120, including a programmable sense
circuit 422, processor 232, an implant telemetry module 436, and a memory
circuit 438.

Programmable sensing circuit 422, which is a specific embodiment of
programmable sensing circuit 222 includes inputs 223 and 224, a preamplifier
circuit 425, a decimator 426, an analog-to-digital converter (ADC) 427, and a
digital band-pass filter 428. In one embodiment, preamplifier circuit 425
includes an analog amplifier and an analog filter. In another embodiment,
programmable sense interface 230 includes the analog filter. Programmable
sensing circuit 422 has a gain and a frequency response determined by the
characteristics of preamplifier circuit 425 and digital band-pass filter 428. In one
embodiment, the gain and the frequency response of programmable sensing
circuit 422 are each programmable. The gain includes a gain programmable for
at least a gain selectable for being suitable for sensing a signal approximating the
surface ECG and a gain selectable for being suitable for sensing intracardiac
electrogram. The frequency response includes a pass band programmable for at
least a surface ECG pass band selectable for being suitable for sensing a signal

16



WO 2005/089643 PCT/US2005/006984

10

15

20

25

30

approximating the surface ECG and an intracardiac electrogram pass band
selectable for being suitable for sensing intracardiac electrogram. Each pass
band is defined by a low cutoff frequency and a high cutoff frequency. At least
one of the low cutoff frequency and the high cutoff frequency is programmable.
The low cutoff frequency and/or the high cutoff frequency are programmed by
programming one or both of preamplifier circuit 425 and digital band-pass filter
428. The surface ECG pass band includes a low cutoff frequency chosen to
ensure that the interested low-frequency components are included in the sensed
signal approximating the surface ECG. In one embodiment, the low cutoff
frequency of the surface ECG pass band is programmable for 4 Hz or less. In
another embodiment, the low cutoff frequency of the surface ECG pass band is
programmable to 0.5 Hz or less. In one embodiment, the low cutoff frequency
for programmable sensing circuit 422 is programmable in a range of 0.1 Hz to 30
Hz, and the high cut-off frequency for programmable sensing circuit 422 is
programmable in a range of 30 Hz to 150 Hz. When the pass band is
programmed to the surface ECG pass band, the low cutoff frequency is
programmed to a value between 0.1 Hz to 4 Hz, and the high cut-off frequency is
programmed to a value between 30 Hz to 100 Hz. When the pass band is
programmed to the intracardiac electrogram pass band, the low cutoff frequency
1s programmed to a value between 10 Hz to 30 Hz, and the high cut-off
frequency is programmed to a value between 60 Hz to 150 Hz.

Implant telemetry module 436 transmits the sensed signal approximating
the surface ECG to external system 155 via telemetry link 145. In one
embodiment, command receiver 234 receives the ECG acquisition command
from external system 155 through implant telemetry module 436.

Memory circuit 438 includes an ECG storage to store the sensed signal
approximating the surface ECG. In one embodiment, upon receiving the ECG
acquisition command, implantable medical device 120 senses the signal
approximating the surface ECG and transmits the sensed signal to external
system 155 in substantially real time. In another embodiment, upon receiving
the ECG acquisition command, implantable medical device 120 senses the signal
approximating the surface ECG and stores the sensed signal in the ECG storage

to be transmitted at a later time.
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FIG. 5 is a block diagram showing portions of CRM system 100
including electrodes 210A and 210B, implantable medical device 120, and
external system 155. External system 155 includes, among other components,
an external telemetry module 552, a user input device 554, and a display 556.
External telemetry module 552 receives the signal approximating the surface
ECG via telemetry link 145 from implantable medical device 120, and transmits
the ECG acquisition command to implantable medical device 120. User input
device 554 receives the ECG acquisition command entered by the user. Display
556 visually presents the signal approximating the surface ECG. In one
embodiment, the signal approximating the surface ECG is presented in
substantially real time as it is being sensed by implantable medical device 120.
In another embodiment, the signal approximating the surface ECG is displayed
as it is extracted from the ECG storage of memory circuit 438 in implantable
medical device 120.

In one embodiment, external system 155 includes a programmer. In
another embodiment, external system 155 is a patient management system
including external device 150, network 160, and remote device 170, as
illustrated in FIG. 1. In one specific embodiment, remote device 170 includes
user input 554 and display 556. This allows the user to view either real time or
stored ECG of a patient from a remote facility.

FIG. 6 is a flow chart illustrating one embodiment of a method for a
wireless ECG sensing using a system such as CRM system 100 discussed above.
The method allows sensing of a signal substituting for a surface ECG using an
implantable medical device, eliminating the need for skin contact electrodes and
wires/cables connecting the electrodes and an ECG recording device.

An ECG acquisition command is received by the implantable medical
device at 600. In one embodiment, the ECG acquisition command is received
from an external device via telemetry. In another embodiment, one or more
predetermined cardiac conditions are detected by the implantable medical
device, and the ECG acquisition command is generated within the implantable
medical device in response to a detection of the one or more predetermined
cardiac conditions.

In response to the ECG acquisition command, a sensing circuit of the
implantable medical device is programmed for surface ECG monitoring at 610.
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This includes programming a band-pass filtering circuit with cutoff frequencies
suitable for the surface ECG monitoring. In one embodiment, the low cutoff
frequency is programmed to a value between about 0.1 Hz and 10 Hz, and the
high cutoff frequency is programmed to a value between about 30 Hz and 100
Hz. In one specific embodiment, where maximum amount of information is
desired, the low cutoff frequency is programmed to approximately 0.1 Hz, and
the high cutoff frequency is programmed to approximately 100 Hz. In another
specific embodiment, where the noise level is to be minimized, the low cutoff
frequency is programmed to approximately 0.5 Hz, and the high cutoff
frequency is programmed to approximately 50 Hz or less.

In response to the ECG acquisition command, a sense interface of the
implantable medical device is programmed to electrically connect a pair of
electrodes to the sensing circuit at 620. The pair of electrodes is suitable for
sensing a cardiac signal approximating the surface ECG. In one embodiment,
the sense interface is programmed for an electrical connection between the
sensing circuit and a ring electrode of an RA pacing lead and another electrical
connection between the sensing circuit and a ring electrode of an RV pacing
lead. In another embodiment, the sense interface is programmed for an electrical
connection between the sensing circuit and the ring electrode of the RV pacing
lead and another electrical connection between the sensing circuit and a housing
of the implantable medical device. In another embodiment, the sense interface is
programmed for an electrical connection between the sensing circuit and an
indifferent electrode of an impedance sensor included in the implantable medical
device and another electrical connection between the sensing circuit and the
housing of the implantable medical device. In another embodiment, the sense
interface is programmed for connections between the sensing circuit and a pair
of concentric electrodes incorporated onto the housing of the implantable
medical device. In one specific embodiment, the concentric electrodes include
an inner electrode and an outer electrode, and the sense interface is programmed
for an electrical connection between the sensing circuit and the inner electrode
and another electrical connection between the sensing circuit and the outer
electrode.

After the sensing circuit and the sense interface are programmed, the
cardiac signal approximating the surface ECG is sensed at 630. In one
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embodiment, the sensed cardiac signal is transmitted to the external device for a
substantially real time display. In another embodﬁnent, the sensed cardiac signal
is stored in the implantable medical device and transmitted to the external device
for display at a later time.

In one embodiment, the sensed cardiac signal approximating the surface
ECG is displayed for measurements related to fiducial points including, but are
not limited to, P wave, QRS onset, R wave, QRS offset, and T wave. In one
embodiment, the sensed cardiac signal approximating the surface ECG is
simultaneously displayed with the signals acquired by the implantable medical
device and/or derived from these acquired signals, such as sense markers
indicative of intrinsic cardiac depolarizations, pace markers indicative of pacing
pulse deliveries, a minute ventilation signal, heart sounds, and markers indicative
of respiratory and other mechanical events. In one embodiment, sensing the
cardiac signal approximating the surface ECG enhances an overall sensing
scheme for pacing and/or defibrillation therapies. In one specific embodiment,
the cardiac signal approximating the surface ECG provides an independent
verification of events detected from an electrogram. In another specific
embodiment, the cardiac signal approximating the surface ECG provides a
substitute for an electrogram in the event that the sensing system for that
electrogram dysfunctions. In one embodiment, where a patient management
system is used, the cardiac signal approximating the surface ECG is displayed in
real time for circadian events such as nocturnal atrial fibrillation or apnea. In
one specific embodiment, these events are stored for trending purposes. The
trending is used to determine and display shifts in signal morphology over time.

It is to be understood that the above detailed description is intended to be
illustrative, and not restrictive. For example, the wireless ECG sensing system
discussed above can be implemented in any implantable medical device that
includes a sensing circuit and electrodes suitable for sensing a signal
approximating the surface ECG. Other embodiments, including any possible
permutation of the system components discussed in this document, will be
apparent to those of skill in the art upon reading and understanding the above
description. The scope of the invention should, therefore, be determined with
reference to the appended claims, along with the full scope of equivalents to
which such claims are entitled.
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Claims

What is claimed is:

5 1 A cardiac rhythm management system comprising:
a plurality of implantable electrodes including at least a first electrode
and a second electrode selectable for sensing a cardiac signal approximating a
surface electrocardiogram (ECG); and
an implantable medical device including:
10 a sensing circuit including:

a first sense input and a second sense input being a pair of
differential inputs for sensing the cardiac signal approximating
the surface ECG;

a gain programmable for at least a surface ECG gain
15 selectable for sensing the cardiac signal approximating the
surface ECG and an electrogram gain selectable for sensing an
intracardiac electrogram; and

a frequency response programmable for at least a surface
ECG pass band selectable for sensing the cardiac signal
20 approximating the surface ECG and an intracardiac electrogram

pass band selectable for sensing an intracardiac electrogram;

a processor to control the operation of the sensing circuit, the
processor including a command receiver to receive an ECG acquisition
command; and
25 a programmable sense interface providing at least a first electrical
connection and a second electrical connection in response to the ECG
acquisition command, the first electrical connection connecting the first
electrode to the first sense input, the second electrical connection

connecting the second electrode to the second sense input.

30

2. The system according to claim 1, wherein the surface ECG pass band

comprises a low cutoff frequency programmable for 4 Hz or less.
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3. The system according to claim 2, wherein the low cutoff frequency of the
surface ECG pass band is programmable for a value between about 0.1 Hz to 0.5
Hz.

4. The system according to any of the preceding claims, wherein the surface
ECG pass band comprises a high cutoff frequency programmable for 50 Hz or

less.

5. The system according to claim 1, wherein the frequency response
comprises a low cutoff frequency and a high cutoff frequency, wherein at least

one of the low cutoff frequency and the high cutoff frequency is programmable.

6. The system according to claim 5, wherein the low cutoff frequency is

programmable in a range of about 0.1 Hz to 30 Hz.

7. The system according to any of claims 5 and 6, wherein the high cutoff

frequency is programmable in a range of 30 Hz to 150 Hz.

8. The system according to any of the preceding claims, further comprising:
a first pacing lead including a first proximal end and a first distal end;
and
a second pacing lead having a second proximal end and a second distal
end, wherein the first electrode is at or near the first distal end and the second

electrode is at or near the second distal end.

9. The system according to claim 8, wherein:
the first pacing lead is an atrial pacing lead; and

the second pacing lead is a ventricular pacing lead.

10.  The system according to claim 9, wherein the ventricular pacing lead

comprises a right ventricular lead.

11, The system according to claim 9, wherein the ventricular pacing lead
comprises a left ventricular lead.
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12. The system according to any of claims 8 to 11, wherein:

the first pacing lead includes at least a first tip electrode and a first ring
electrode, the first tip electrode located at the first distal end, the first ring
electrode located near the first distal end at a predetermined distance from the
first tip electrode; and

the second pacing lead includes at least a second tip electrode and a
second ring electrode, the second tip electrode located at the second distal end,
the second ring electrode located near the second distal end at a predetermined
distance from the second tip electrode,

wherein the first electrode is the first ring electrode and the second

electrode is the second ring electrode.

13.  The system according to any of claims 1 to 7, further comprising:

a pacing lead including a proximal end and a distal end;

a hermetically sealed can to house a circuit including at least portions of
the sensing circuit; and

a can electrode including one of at least a portion of the can and an
electrode incorporated onto, and electrically insulated from, the can,

wherein the first electrode is at or near the distal end of the pacing lead

and the second electrode is the can electrode.

14.  The system according to claim 13, wherein the pacing lead is a

ventricular pacing lead.

15.  The system according to any of claims 13 and 14, wherein the pacing
lead includes at least one tip electrode and one ring electrode, the tip electrode
located at the distal end, the ring electrode located near the distal end at a
predetermined distance from the tip electrode, wherein the first electrode is the

ring electrode.

16.  The system according to any of the preceding claims, wherein the
implantable medical device comprises a hermetically sealed can to house an

implant circuit including at least portions of the sensing circuit.
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17. The system according to claim 16, wherein the implantable medical
device comprises a header attached to the can, the header including connectors

providing for electrical access to the implant circuit.

18. The system according to claim 17, wherein the implantable medical
device comprises:

at least one header electrode being an electrode incorporated onto the
header; and

a can electrode including one of at least a portion of the can and an
electrode incorporated onto, and electrically insulated from, the can,

wherein the first electrode is the at least one header electrode and the

second electrode is the can electrode.

19.  The system according to claim 18, wherein the implantable medical
device comprises an impedance sensor, and wherein the at least one header

electrode comprises an indifferent electrode of the impedance sensor.

20. The system according to claim 19, wherein the impedance sensor is a

respiratory sensor sensing a minute ventilation.

21. The system according to any of claims 18 to 20, wherein the implantable
medical device comprises a telemetry antenna, wherein the first electrode
includes at least a portion of the telemetry antenna functions as an electrode and

the second electrode is the can electrode.

22, The system according to claim 21, wherein the telemetry antenna projects

from the header and extends along a portion of the can.

23. The system according to any of claims 17 to 22, wherein the can
comprises an outer surface, and wherein the first electrode and the second
electrode comprise two concentric electrodes incorporated onto the outer surface

of the can.
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24.  The system according to claim 23, wherein the at least two concentric
electrodes comprise an inner electrode and an outer electrode, wherein the first

electrode is the inner electrode and the second electrode is the outer electrode.

25. The system according to claim 24, wherein the inner electrode includes a

circular shaped electrode, and outer electrode includes a ring shaped electrode.

26. The system according to claim 24, wherein the inner electrode includes a
circular shaped electrode, and outer electrode includes an electrode

approximating a contour of the can.

27.  The system according to any of the preceding claims, wherein the
processor comprises a detector to detect a predetermined condition and produces

the ECG acquisition command when the predetermined condition is detected.

28. The system according to claim 27, wherein the processor further
comprises a detection timer coupled to the detector, the detection timer
activating and timing the detection of the predetermined condition based on a

built-in or programmable schedule.

29.  The system according to any of the preceding claims, further comprising
an external system communicatively coupled to the implantable medical device
via telemetry, the external system including a user input device to receive the

ECG acquisition command.

30.  The system according to claim 29, wherein the implantable medical
device comprises an implant telemetry module to transmit the sensed cardiac
signal out of the implantable medical device and a memory circuit including an
ECQG storage to store the sensed cardiac signal, and wherein the external system
comprises an external telemetry module to receive the sensed cardiac signal and

a display to visually present the sensed cardiac signal.

31.  The system according to any of claims 29 and 30, wherein the external
system comprises a programmer.
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32.  The system according to any of claims 29 and 30, wherein the external
system comprises a patient management system including:

an external device communicatively coupled to the implantable medical
device via telemetry;

a network coupled to the external device; and

a remote device coupled to the network.

33. The system according to claim 32, wherein the remote device comprises

the user input device and the display.

34.  Animplantable medical device comprising:

a sensing circuit programmable for a frequency response suitable for
sensing a surface electrocardiogram (ECG), the sensing circuit including a first
sense input and a second sense input being a pair of differential inputs for
sensing a cardiac signal;

a hermetically sealed can to house an implant circuit including at least
portions of the sensing circuit, the can having an outer surface subject to contact
with body tissue; and

at least two concentric electrodes incorporated onto the outer surface of
the can, the at least two concentric electrodes including an inner electrode and an
outer electrode,

wherein the inner electrode is coupled to the first sense input, and the

outer electrode is coupled to the second sense input.

35.  The implantable medical device according to claim 34, further
comprising a processor to control the operation of the sensing circuit, the
processor including a command receiver to receiver an ECG acquisition

command and produces an ECG acquisition signal to start sensing the cardiac

signal.

36. The implantable medical device according to any of claims 34 and 35,
further comprising a programmable sense interface providing electrical
connections between the inner electrode and the first sense input and between
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the outer electrode and the second sense input when the ECG acquisition signal

is present.

37. The implantable medical device according to any of claims 34 to 36,
wherein the inner electrode includes a circular shaped electrode, and outer

electrode includes a ring shaped electrode.

38. The implantable medical device according to claim 37, wherein the inner
electrode has a surface area of about 15 to 50 squared millimeters, and the outer

electrode has a surface area of about 50 to 150 squared millimeters.

39.  The implantable medical device according to any of claims 34 to 36,
wherein the inner electrode includes a circular shaped electrode, and outer

electrode includes an electrode approximating a contour of the can.

40. The implantable medical device according to claim 39, wherein the inner
electrode has a surface area of about 3 to 12 squared millimeters, and the outer

electrode has a surface area of about 100 to 250 squared millimeters.

41. The implantable medical device according to any of claims 34 to 40,
wherein the sensing circuit comprises a band-pass filter having a surface ECG
pass band having a programmable low cutoff frequency and a programmable

high cutoff frequency.

42.  The implantable medical device according to claim 41, wherein the low
cutoff frequency of the surface ECG pass band is programmable to a value

between about 0.1 Hz to 0.5 Hz.
43. The implantable medical device according to any of claims 41 and 42,

wherein the high cutoff frequency of the surface ECG pass band is

programmable to 50 Hz or less.
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44. A cardiac rhythm management system comprising:
a plurality of implantable electrodes configured for sensing cardiac
signals each approximating a surface electrocardiogram (ECG) vector; and
an implantable medical device including:

a sensing circuit including a plurality of sensing channels
providing for simultaneous sensing of the cardiac signals;

a processor to control the operation of the sensing circuit, the
processor including a command receiver to receive an ECG acquisition
command; and

a programmable sense interface providing a plurality of pairs of
electrical connections, each pair between one of the plurality of sensing
channels and two electrodes selected from the plurality of implantable
electrodes,
wherein the plurality of implantable electrodes are incorporated onto the

implantable medical device.

45.  The system according to claim 44, wherein the implantable medical
device comprises:

a hermetically sealed can to house an implant circuit including at least
portions of the sensing circuit; and

a can electrode including one of at least a portion of the can and an

electrode incorporated onto, and electrically insulated from, the can.

46.  The system according to claim 45, wherein the implantable medical
device comprises a header attached to the can, the header including connectors

providing for electrical access to the circuit.

47.  The system according to claim 46, wherein the implantable medical
device further comprises at least a first header electrode being a first electrode

incorporated onto the header.

48.  The system according to claim 47, wherein the implantable medical
device further comprises a second header electrode being a second electrode
incorporated onto the header.
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49.  The system according to claim 48, wherein the programmable sensing
circuit includes two or more of first, second, and third sensing channels, and
wherein the programmable sense interface is adapted to provide for two or more
of a first pair of electrical connections connecting the first and second header
electrodes to the first sensing channel, a second pair of electrical connections
connecting the first header electrode and the can electrode to the second sensing
channel, and a third pair of electrical connections connecting the second header

electrode and the can electrode to the third sensing channel.

50.  The system according to claim 47, wherein the implantable medical
device further comprises a telemetry antenna, and wherein at least a portion of

the telemetry antenna functions as an antenna electrode.

51.  The system according to claim 50, wherein the telemetry antenna projects

from the header and extends along a portion of the can.

52. The system according to any of claims 50 and 51, wherein the
programmable sensing circuit includes two or more of first, second, and third
sensing channels, and wherein the programmable sense interface is adapted to
provide for two or more of a first pair of electrical connections connecting the
first header electrode and the antenna electrode to the first sensing channel, a
second pair of electrical connections connecting the first header electrode and
the can electrode to the second sensing channel, and a third pair of electrical
connections connecting the antenna electrode and the can electrode to the third

sensing channel.

53.  The system according to any of claims 50 and 51, wherein the
implantable medical device further comprises a second header electrode being a
second electrode incorporated onto the header, and wherein the programmable
sensing circuit includes two of more of first, second, third, fourth, fifth, and sixth
sensing channels, and wherein the programmable sense interface is adapted to
provide for two or more pairs of a first pair of electrical connections connecting

the first header electrode and the second header electrode to the first sensing
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channel, a second pair of electrical connections connecting the first header
electrode and the antenna electrode to the second sensing channel, a third pair of
electrical connections connecting the first header electrode and the can electrode
to the third sensiﬁg channel, a fourth pair of electrical connections connecting
the second header electrode and the antenna electrode to the fourth sensing
channel, a fifth pair of electrical connections connecting the second header
electrode and the can electrode to the fifth sensing channel, and a sixth pair of
electrical connections connecting the antenna electrode and the can electrode to

the sixth sensing channel.

54.  The system according to any of claims 44 to 53, wherein the sensing
channels each comprises a band-pass filter having a surface ECG pass band

having a low cutoff frequency and a high cutoff frequency.

55.  The system according to claim 54, wherein the low cutoff frequency of
the surface ECG pass band is programmable to a value between about 0.1 Hz to
0.5 Hz.

56.  The system according to claim 54, wherein the high cutoff frequency of
the surface ECG pass band is programmable to 50 Hz or less.

57. A method for acquiring a signal approximating a surface
electrocardiogram (ECG) using an implantable medical device, the method
comprising:

receiving an ECG acquisition command,;

programming a pass band of a sensing circuit of the implantable device
after receiving the ECG acquisition command, the sensing circuit programmable
for at least a surface ECG pass band and an intracardiac electrogram pass band,
the programming including programming the pass band to the surface ECG pass
band;

programming a sense interface of the implantable device to electrically
connect at least two implantable electrodes to the sensing circuit after receiving

the ECG acquisition command; and
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sensing a cardiac signal after the programming the pass band and the

programming the sense interface.

58.  The method according to claim 57, wherein receiving the ECG
acquisition command comprises receiving the ECG acquisition command from

an external device via telemetry.

59. The method according to claim 57, wherein receiving the ECG
acquisition command comprises:

detecting a predetermined condition; and

generating the ECG acquisition command in response to a detection of

the predetermined condition.

60.  The method according to claim 59, wherein detecting the predetermined

condition comprises detecting an arrhythmia.

61.  The method according to claim 59, wherein detecting the predetermined

condition comprises sensing an activity level.

62.  The method according to any of claims 59 to 61, wherein detecting the
predetermined condition comprises detecting the predetermined condition

according to a predetermined schedule.

63.  The method according to claim 62, wherein detecting the predetermined
condition comprises detecting the predetermined condition on a predetermined

periodic basis.
64.  The method according to any of claims 57 to 63, wherein programming
the pass band comprises programming a band-pass filter providing for the pass

band.

65.  The method according to any of claims 57 to 64, wherein programming

the pass band comprises programming a low cutoff frequency to about 0.1 Hz.
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66.  The method according to any of claims 57 to 64, wherein programming

the pass band comprises programming a low cutoff frequency to about 0.5 Hz.

67.  The method according to any of claims 57 to 66, wherein programming

the pass band comprises programming a high cutoff frequency to about 100 Hz.

68.  The method according to any of claims 57 to 66, wherein programming
the pass band comprises programming a high cutoff frequency to about 50 Hz or

less.

69.  The method according to any of claims 57 to 68, further comprising
programming a gain of the sensing circuit after receiving the ECG acquisition
command, the sensing circuit programmable for at least a surface ECG gain and
an intracardiac electrogram gain, the programming including programming the

gain to the surface ECG gain.

70.  The method according to any of claims 57 to 69, wherein programming
the sense interface comprises programming the sense interface to electrically
connect at least two electrodes selected from a plurality of implantable
electrodes to the sensing circuit, the plurality of electrodes including at least two
or more of:

a ring electrode of an atrial pacing lead;

a ring electrode of an ventricular pacing lead;

one or more electrodes incorporated into a header of the implantable
medical device;

a can electrode including one of at least a portion of a conductive can
housing electronics of the implantable medical device and an electrode
incorporated onto, and electrically insulated from, the conductive can;

a portion of an antenna providing for radio-frequency telemetry for the
implantable medical device;

an inner electrode of a plurality of concentric electrodes incorporated
onto the conductive can; and

one or more outer electrodes of the plurality of concentric electrodes

incorporated onto the conductive can.
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71.  The method according to any of claims 57 to 69, wherein:

programming the pass band comprises programming a plufality of
sensing channels each programmable for at least the surface ECG pass band and
the intracardiac electrogram pass band, the programming including programming
the pass band of each of the plurality of sensing channels to the surface ECG
pass band; and

programming the sense interface comprises programming the sense
interface to electrically connect a plurality of electrode pairs each to one of the
plurality of sensing channels after receiving the ECG acquisition command, and

further comprising sensing the cardiac signal and one or more additional
cardiac signals each approximating a vector of the surface ECG after the

programming the pass band and the programming the sense interface.

72.  The method according to claim 71, wherein programming the sense
interface comprises programming the sense interface to electrically connect the
plurality of electrode pairs each to one of the plurality of sensing channels, the
plurality of electrode pairs selected from plurality of electrodes including at least
three or more of:

one or more electrodes incorporated into a header of the implantable
medical device;

a can electrode including one of at least a portion of a conductive can
housing electronics of the implantable medical device and an electrode
incorporated onto, and electrically insulated from, the conductive can; and

a portion of an antenna providing for radio-frequency telemetry for the

implantable medical device.

73.  The method according to claim 72, wherein programming the sense
interface comprises programming the sense interface to electrically connect the
plurality of electrode pairs each to one of the plurality of sensing channels, the
plurality of electrode pairs selected from plurality of electrodes including at least
three or more of:

aring electrode of an atrial pacing lead,

aring electrode of an ventricular pacing lead;
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one or more electrodes incorporated into a header of the implantable
medical device;

a can electrode including one of at least a portion of a conductive can
housing electronics of the implantable medical device and an electrode
incorporated onto, and electrically insulated from, the conductive can;

a portion of an antenna providing for radio-frequency telemetry for the
implantable medical device;

an inner electrode of a plurality of concentric electrodes incorporated
onto the conductive can; and

one or more outer electrodes of the plurality of concentric electrodes

incorporated onto the conductive can.

74.  The method according to any of claims 57 to 73, further comprising

storing the sensed cardiac signal in the implantable medical device.

75.  The method according to any of claims 57 to 73, further comprising:
transmitting the sensed cardiac signal to an external system for real time
display; and

displaying the sensed cardiac signal in real time.
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