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(57)  Embodiments provide a method and system for
using a reconstructed or virtual reference point for elec-
trocardiogram (ECG) measurements, allowing for the re-
moval of the common reference point required in con-
ventional ECG systems. Embodiments allow for either
referencing measurements back to a reference previous-
ly digitized and reconstructed in the analog domain or to
compare the measurements to a virtual reference. These
calculations can be performed at the measurement site
or remotely. Vector calculations can be made in either
the analog or digital domains. A secondary means of
measuring common mode noise (or rejection) injected
into the ECG may be provided to ensure proper function-
ing in the presence of large common mode noise. These
secondary measurements may be used to phase-align
segments of the ECG vectors or as means to improve
the common mode noise capabilities.

REFERENCE METHODOLOGY FOR ECG VECTOR RECONSTRUCTION
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Description
BACKGROUND

[0001] Conventional electrocardiogram (ECG) sys-
tems require acommon reference point (such as a Wilson
Central Terminal (WCT)) to properly calculate ECG vec-
tors. This common reference point on ECG and intra-
cardiac ECG (IECG) requires a hard-wired reference
connection between measurement points and measure-
ment equipment. The hard-wired reference connection
canbeinconvenientand bothersome to both medical per-
sonnel and patients.

SUMMARY

[0002] Embodiments of the present invention provide
a method and system for using a reconstructed or virtual
reference point for electrocardiogram (ECG) measure-
ments, allowing for the removal of the common reference
point required in conventional ECG systems.

[0003] In an embodiment, a method for electrocardio-
gram (ECG) vector reconstruction is provided, the meth-
od comprising: obtaining ECG measurements at a plu-
rality of points on a patient with respective electrodes;
calculating, by a processor in communication with the
electrodes, a central terminal (CT) value based on the
ECG measurements; and transmitting, by the processor,
the CT value to a second device to be utilized as a ref-
erence point by the second device.

[0004] In an embodiment, the second device compris-
es a site electrode at a site of the patient, wherein the
site electrode is connected to a monitoring device. The
site electrode may be connected via a second wire or
wirelessly to a monitoring device.

[0005] In an embodiment, the CT value creates a
closed feedback loop.

[0006] Inanembodiment, the transmitting is done wire-
lessly.

[0007] According to an embodiment, calculating the
CT value comprises sampling the ECG measurements
by an analog to digital converter to calculate the CT value
in a digital domain. The second device may recreate the
CT value in an analog domain for the second device to
use as the reference point.

[0008] In an embodiment, the method for ECG vector
reconstruction further comprises: obtaining, by the proc-
essor, secondary measurements relating to common
mode noise of the ECG measurements; and utilizing, by
the processor, the secondary measurements to phase-
align segments of the reference point. Inan embodiment,
the secondary measurements are obtained by the proc-
essor through one or more of a low frequency radio-fre-
quency (RF) antenna, direct electrical measurement of
noise at the ECG measurement sites, and a separate
device to measure phase of possible noise generators.
[0009] In an additional embodiment, a system for elec-
trocardiogram (ECG) vector reconstruction is provided.
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The system comprises a processor configured to: re-
ceive, from a plurality of electrodes, ECG measurements
at respective points on a patient; calculate a central ter-
minal (CT) value based on the ECG measurements; and
transmit the CT value to a second device to be utilized
as a reference point by the second device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The foregoing and other aspects of the present
invention are best understood from the following detailed
description when read in connection with the accompa-
nying drawings. For the purpose of illustrating the inven-
tion, there is shown in the drawings embodiments that
are presently preferred, it being understood, however,
that the invention is not limited to the specific instrumen-
talities disclosed. Included in the drawings are the follow-
ing Figures:

FIG. 1 is a diagram providing an example of using a
reconstructed or virtual reference point for ECG
measurements, according to embodiments;

FIG. 2 is a diagram providing another example of
using a reconstructed or virtual reference point for
ECG measurements, according to embodiments;
FIG. 3is adiagramillustrating use of a reconstructed
orvirtual reference point for ECG measurements ap-
plied to electrophysiology applications, according to
an embodiment;

FIG. 4 is a diagramillustrating use of a reconstructed
or virtual reference point for ECG measurements for
joining two surface electrodes not connected, ac-
cording to an embodiment;

FIG. 5 is a concept diagram illustrating applications
for use of reconstructed or virtual reference point for
ECG measurements, according to an embodiment;
FIG. 6 is a flow chart illustrating a method of using
a reconstructed or virtual reference point for ECG
measurements, according to an embodiment; and
FIG. 7 is an exemplary computing environment in
which embodiments disclosed herein may be imple-
mented.

DETAILED DESCRIPTION

[0011] Embodiments of the present invention relate to
a method and system for using a reconstructed or virtual
reference point for electrocardiogram (ECG) measure-
ments. The virtual reference point conveniently allows
for the removal of the common reference point required
in conventional ECG systems.

[0012] Embodiments described herein allow for either
referencing measurements back to a reference previous-
ly digitized and reconstructed in the analog domain or to
compare the measurements to a virtual reference. These
calculations can be performed at the measurement site
or remotely. Vector calculations can be made in either
the analog or digital domains.
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[0013] With reference to FIG. 1, a diagram 100 pro-
vides an example of using a reconstructed or virtual ref-
erence point for ECG measurements. Measurements at
lead R (right arm) 102, L (left arm) 104, and F (foot or left
leg) 106 are, according to an embodiment, averaged to
determine the physiological value CT (central terminal)
108. The central terminal is of physiological significance
for a number of reasons. One use of the CT 108 value
is the RL (right leg) signal 110. CT 108 may be amplified,
inverted, and driven back to RL 110 to create a closed
feedback loop to eliminate common mode noise from the
ECG. Reconstruction of CT 108 at RL 110, according to
embodiments herein, allows for an electrode at RL 110
to be connected via a different mechanism than R 102,
L 104, or F 106, such as through a second wire or wire-
lessly via telemetry, for example.

[0014] With reference to FIG. 2, a diagram 200 pro-
vides an additional example of using a reconstructed or
virtual reference point for ECG measurements. Shown
in FIG. 2 are clavicula 202, mid-clavicular line 204, and
mid-axillary line 206. CT may be used as a reference to
ECG precordial leads V1-V6 (210, 212, 214, 216, 218,
and 220) as shown in FIG. 2. Monitoring of R, L, and F,
as described with reference to FIG. 1, and sending CT
to the V4R site 230 via telemetry allows for monitoring
of the precordial lead sites without having a shared wired
connection. The reference is sent back to the electrode
site of V1-V6 (210, 212, 214, 216, 218, and 220). This is
beneficial as wired connections to lead sites V1 to V6 in
the angiography lab have been found to interfere with
image quality as the wires will appear on the X-ray im-
ages.

[0015] In yet another example, with reference to FIG.
3, a reconstructed or virtual reference point for ECG
measurements may be applied to electrophysiology ap-
plications. A catheter 300 may be inserted into the heart
to invasively measure electrical conduction pathways.
The CT signal, according to embodiments herein, is used
as a reference for these catheter connections. An exam-
ple of this vector calculation is a measurement at distal
electrode 302 subtracted from CT. This vector calculation
is conventionally predicated on the catheter 300 and sur-
face ECG connections P1-P3 (304, 306, and 308) shar-
ing a common reference, requiring a wired connection
between the two points. If CT is reconstructed in the cir-
cuitry monitoring the catheter connections, there is no
need for a physical wired connection between the two
points.

[0016] With reference to diagram 400 of FIG. 4, the
reconstructed or virtual reference point for ECG meas-
urements, according to embodiments herein, may be
used to join two surface electrodes not connected via
any other means. If R 402, L 404, and F 406 are floating
with respect to one another, a wireless telemetry system
may be created using an arbitrary reference locally at
each site 402, 404, and 406. The vector calculation is:
(F - Arbitrary Reference) - (R - Arbitrary Reference) = (F
- R), allowing for the correct vector (F-R) = Lead 1l 410
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to be created. Thus, two point sources may allow for a
wireless reconstruction of Lead Il 410 via telemetry at a
remote patient monitor.

[0017] WithreferencetoFIG.5,aconceptdiagram 500
illustrates possible applications for use of reconstructed
or virtual reference point for ECG measurements, ac-
cording to an embodiment. RA 502, LA 504, and LL 506
are sampled by an analog to digital converter (ADC) 510.
The ADC 510 calculates the WCT 520 in the digital do-
main. In an embodiment, the value of the WCT 520 is
sent wirelessly to a digital to analog converter (DAC) 530.
The DAC 530 recreates the WCT in the analog domain
for a second device 540 to use as a reference.

[0018] The second device 540, according to an em-
bodiment, uses the reference as part of its ECG vector
reconstruction and is sampled by another ADC 550. The
second device 540 may be the V-leads that require the
WCT as a reference or a uni-polar catheter signal, for
example. Similarly, RA 502 and LA 504 may be splitusing
an arbitrary but fixed reference.

[0019] A secondary means of measuring common
mode noise (or rejection) injected into the ECG may be
needed to ensure proper functioning in the presence of
large common mode noise. According to another embod-
iment, this secondary means may include, but is not lim-
ited to, a low frequency radio-frequency (RF) antenna,
direct electrical measurement of noise atthe ECG meas-
urement site, or a separate device to measure phase of
possible noise generators at the source. These second-
ary measurements may be used to phase-align seg-
ments of the ECG vectors or as means to improve the
common mode noise capabilities.

[0020] With reference to the flowchart 600 of FIG. 6,
method of using a reconstructed or virtual reference point
for ECG measurements, according to an embodiment,
is illustrated. At 610, ECG measurements at a plurality
of points on a patient with respective electrodes are ob-
tained. At 620, a CT value based on the ECG measure-
ments is calculated. At 630, the CT value is transmitted
to a second device to be utilized as a reference point by
the second device.

[0021] Inanadditional embodiment, at 640, secondary
measurements relating to common mode noise of the
ECG measurements are obtained. At 650, the secondary
measurements are utilized to phase-align segments of
the reference point.

[0022] FIG. 7 illustrates an exemplary computing en-
vironment 700 within which embodiments of the invention
may be implemented. Computing environment 700 may
include computer system 710, which is one example of
a computing system upon which embodiments of the in-
vention may be implemented. Computers and computing
environments, such as computer 710 and computing en-
vironment 700, are known to those of skill in the art and
thus are described briefly here.

[0023] As shown in FIG. 7, the computer system 710
may include a communication mechanism such as a bus
721 or other communication mechanism for communi-
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cating information within the computer system 710. The
system 710 further includes one or more processors 720
coupled with the bus 721 for processing the information.
The processors 720 may include one or more central
processing units (CPUs), graphical processing units
(GPUs), or any other processor known in the art.
[0024] The computer system 710 also includes a sys-
tem memory 730 coupled to the bus 721 for storing in-
formation and instructions to be executed by processors
720. The system memory 730 may include computer
readable storage media in the form of volatile and/or non-
volatile memory, such as read only memory (ROM) 731
and/or random access memory (RAM) 732. The system
memory RAM 732 may include other dynamic storage
device(s) (e.g., dynamic RAM, static RAM, and synchro-
nous DRAM). The system memory ROM 731 may include
other static storage device(s) (e.g., programmable ROM,
erasable PROM, and electrically erasable PROM). In ad-
dition, the system memory 730 may be used for storing
temporary variables or other intermediate information
during the execution of instructions by the processors
720. A basic input/output system 733 (BIOS) containing
the basic routines that help to transfer information be-
tween elements within computer system 710, such as
during start-up, may be stored in ROM 731. RAM 732
may contain data and/or program modules that are im-
mediately accessible to and/or presently being operated
on by the processors 720. System memory 730 may ad-
ditionally include, for example, operating system 734, ap-
plication programs 735, other program modules 736 and
program data 737.

[0025] The computer system 710 also includes a disk
controller 740 coupled to the bus 721 to control one or
more storage devices for storing information and instruc-
tions, such as a magnetic hard disk 741 and a removable
media drive 742 (e.g., floppy disk drive, compact disc
drive, tape drive, and/or solid state drive). The storage
devices may be added to the computer system 710 using
an appropriate device interface (e.g., a small computer
system interface (SCSI), integrated device electronics
(IDE), Universal Serial Bus (USB), or FireWire).

[0026] The computer system 710 may also include a
display controller 765 coupled to the bus 721 to control
a display or monitor 766, such as a cathode ray tube
(CRT) or liquid crystal display (LCD), for displaying infor-
mation to a computer user. The computer system 710
includes an input interface 760 and one or more input
devices, such as a keyboard 762 and a pointing device
761, for interacting with a computer user and providing
information to the processors 720. The pointing device
761, for example, may be a mouse, a trackball, or a point-
ing stick for communicating direction information and
command selections to the processors 720 and for con-
trolling cursor movement on the display 766. The display
766 may provide a touch screen interface which allows
input to supplement or replace the communication of di-
rectioninformation and command selections by the point-
ing device 761.
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[0027] The computer system 710 may perform a por-
tion or all of the processing steps of embodiments of the
invention in response to the processors 720 executing
one or more sequences of one or more instructions con-
tained in a memory, such as the system memory 730.
Such instructions may be read into the system memory
730 from another computer readable medium, such as
a hard disk 741 or a removable media drive 742. The
hard disk 741 may contain one or more datastores and
data files used by embodiments of the present invention.
Datastore contents and data files may be encrypted to
improve security. The processors 720 may also be em-
ployed in a multi-processing arrangement to execute the
one or more sequences of instructions contained in sys-
tem memory 730. In alternative embodiments, hard-
wired circuitry may be used in place of or in combination
with software instructions. Thus, embodiments are not
limited to any specific combination of hardware circuitry
and software.

[0028] As stated above, the computer system 710 may
include atleast one computer readable medium or mem-
ory for holding instructions programmed according to em-
bodiments provided herein and for containing data struc-
tures, tables, records, or other data described herein.
The term "computer readable medium" as used herein
refers to any medium that participates in providing in-
structions to the processors 720 for execution. A com-
puter readable medium may take many forms including,
but not limited to, non-volatile media, volatile media, and
transmission media. Non-limiting examples of non-vola-
tile media include optical disks, solid state drives, mag-
netic disks, and magneto-optical disks, such as hard disk
741 or removable media drive 742. Non-limiting exam-
ples of volatile media include dynamic memory, such as
system memory 730. Non-limiting examples of transmis-
sion media include coaxial cables, copper wire, and fiber
optics, including the wires that make up the bus 721.
Transmission media may also take the form of acoustic
or light waves, such as those generated during radio
wave and infrared data communications.

[0029] The computing environment 700 may furtherin-
clude the computer system 710 operating in a networked
environment using logical connections to one or more
remote computers, such as remote computer 780. Re-
mote computer 780 may be a personal computer (laptop
or desktop), a mobile device, a server, arouter, a network
PC, a peer device or other common network node, and
typically includes many or all of the elements described
above relative to computer system 710. When used in a
networking environment, computer system 710 may in-
clude modem 772 for establishing communications over
a network 771, such as the Internet. Modem 772 may be
connected to system bus 721 via user network interface
770, or via another appropriate mechanism.

[0030] Network 771 may be any network or system
generally known in the art, including the Internet, an in-
tranet, a local area network (LAN), a wide area network
(WAN), a metropolitan area network (MAN), a direct con-
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nection or series of connections, a cellular telephone net-
work, or any other network or medium capable of facili-
tating communication between computer system 710
and other computers (e.g., remote computing system
780). The network 771 may be wired, wireless or a com-
bination thereof. Wired connections may be implemented
using Ethernet, Universal Serial Bus (USB), RJ-11 orany
other wired connection generally known in the art. Wire-
less connections may be implemented using Wi-Fi,
WiMAX, and Bluetooth, infrared, cellular networks, sat-
ellite or any other wireless connection methodology gen-
erally known in the art. Additionally, several networks
may work alone or in communication with each other to
facilitate communication in the network 771.

[0031] As described herein, the various systems, sub-
systems, agents, managers and processes can be im-
plemented using hardware components, software com-
ponents and/or combinations thereof.

[0032] Although the present invention has been de-
scribed with reference to exemplary embodiments, it is
not limited thereto. Those skilled in the art will appreciate
that numerous changes and modifications may be made
to the preferred embodiments of the invention and that
such changes and modifications may be made without
departing from the true spirit of the invention. It is there-
fore intended that the appended claims be construed to
cover all such equivalent variations as fall within the true
spirit and scope of the invention.

Claims

1.  Amethod for electrocardiogram (ECG) vector recon-
struction, the method comprising:

obtaining ECG measurements at a plurality of
points on a patient with respective electrodes;
calculating, by a processor in communication
with the electrodes, a central terminal (CT) value
based on the ECG measurements; and
transmitting, by the processor, the CT value to
a second device to be utilized as a reference
point by the second device.

2. The method according to claim 1, wherein the sec-
ond device comprises a site electrode at a site of the
patient, wherein the site electrode is connected to a
monitoring device.

3. The method according to claim 2, wherein the site
electrode is connected via a second wire or wireless-
ly to a monitoring device.

4. The method according to any of the preceding
claims, wherein the CT value creates a closed feed-

back loop.

5. The method according to any of the preceding
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10.

1.

12.

13.

14.

claims, wherein the transmitting is done wirelessly.

The method of the preceding claims, wherein calcu-
lating the CT value comprises sampling the ECG
measurements by an analog to digital converter to
calculate the CT value in a digital domain.

The method according to claim 6, wherein the sec-
ond device recreates the CT value in an analog do-
main for the second device to use as the reference
point.

The method according to any of the preceding
claims, further comprising:

obtaining, by the processor, secondary meas-
urements relating to common mode noise of the
ECG measurements; and

utilizing, by the processor, the secondary meas-
urements to phase-align segments of the refer-
ence point.

The method according to of claim 8, wherein the sec-
ondary measurements are obtained by the proces-
sor through one or more of a low frequency radio-
frequency (RF) antenna, direct electrical measure-
ment of noise at the ECG measurement sites, and
a separate device to measure phase of possible
noise generators.

A system for electrocardiogram (ECG) vector recon-
struction, the system comprising:
a processor configured to:

receive, from a plurality of electrodes, ECG
measurements at respective points on a patient;
calculate a central terminal (CT) value based on
the ECG measurements; and

transmit the CT value to a second device to be
utilized as a reference point by the second de-
vice.

The system according to claim 10, wherein the sec-
ond device comprises a site electrode at a site of the
patient, wherein the site electrode is connected to a
monitoring device.

The system according to claim 11, wherein the site
electrode is connected via a second wire or wireless-
ly to a monitoring device.

The system according to any of the preceding claims
10to 12, whereinthe CT value creates a closed feed-
back loop.

The system according to any of the preceding claims
10 to 13, wherein the transmitting is done wirelessly.
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The system according to any of the preceding claims
10to 14, wherein calculating the CT value comprises
sampling the ECG measurements by an analog to
digital converter to calculate the CT value in a digital
domain.

The system according to claim 15, wherein the sec-
ond device recreates the CT value in an analog do-
main for the second device to use as the reference
point.

The system according to any of the preceding claims
10to 16, wherein the processor is further configured
to:

obtain secondary measurements relating to
common mode noise of the ECG measure-
ments; and

utilize the secondary measurements to phase-
align segments of the reference point.

The system according to claims 17, wherein the sec-
ondary measurements are obtained through one or
more of a low frequency radio-frequency (RF) an-
tenna, direct electrical measurement of noise at the
ECG measurement sites, and a separate device to
measure phase of possible noise generators.
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