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(7) ABSTRACT

An integrated vectorcardiogram (VCG) device having 3 pairs
of electrodes placed in three orthogonal directions with the
capability to continuously measure the electrical activity of
the heart. All of the electrode pairs may be contained within a
single miniaturized housing thereby eliminating the need for
cumbersome wires required with current 12-lead ECG sys-
tems, while providing the same amount and quality of infor-
mation as the 12-lead ECG system. The integrated VCG
device also includes a communications function to allow the
data collected by the electrodes to be transmitted wirelessly to
a remote device, such as a pacemaker, to control its function
or to a remote monitoring station for continuous real-time
patient monitoring.




Patent Application Publication  Jan. 21,2016 Sheet 1 of 19 US 2016/0015286 A1

SAGITTAL FRONTAL

o
Lo

A

TRANSVER SE



Patent Application Publication  Jan. 21,2016 Sheet 2 of 19 US 2016/0015286 A1

FIG. 2



Patent Application Publication  Jan. 21,2016 Sheet 3 of 19 US 2016/0015286 A1

200 ; r T

........... d=12.6 cm

150k

s

o]

o
T

Amplitude (mV)

-400 ‘ i i ;
0 0.1 02 0.3 04 05 08

Time (s)
FIG. 34

oy
i
<

100

re
<

<

Amplitude (mV)

; L | ;
¢ 0.05 0.1 0.15 6.2 0.28 03 0.3

Time (s)

; i
0.4 0.45 0.8

23 :

FiG. 3B



Patent Application Publication  Jan. 21,2016 Sheet 4 of 19 US 2016/0015286 A1

- wfo ground

L T w/ ground

<
o

=
3
o

<~

-0.0%

Amplitude (V)

0.1

DAS poe




Patent Application Publication  Jan. 21,2016 Sheet 5 of 19 US 2016/0015286 A1

HOUSING

|  BACK FACE
1o / DISPLAY
\ 30 (ONFRONT FACE)

FRONT FACE

FIG. 54



Patent Application Publication  Jan. 21,2016 Sheet 6 o

140
HO

f19

USING

100

_— BACK FACE

DISPLAY
ON FRONT FACE

135

120

HOUSING)

FiG, 58

US 2016/0015286 A1



Patent Application Publication  Jan. 21,2016 Sheet 7 of 19 US 2016/0015286 A1

7

g
v

!

External

200




Patent Application Publication  Jan. 21,2016 Sheet 8 of 19 US 2016/0015286 A1

FiG, 7




Patent Application Publication  Jan. 21,2016 Sheet 9 of 19 US 2016/0015286 A1

395

330

Wirsless ECG
Acguisition from
Tigsie through
Capacitive Coupling

FIG. &



Patent Application Publication  Jan. 21,2016 Sheet 100f19  US 2016/0015286 A1

480

S
85

S

// 475

FiG. 9

4440

403

400 z
445



Patent Application Publication  Jan. 21,2016 Sheet 110f19  US 2016/0015286 A1

400 >

430

425

FiG. 19



Patent Application Publication  Jan. 21,2016 Sheet 120f19  US 2016/0015286 A1

35 ¢ g : : : 1
' : e Before Nofse Removal
------------ After Noise Removal
gk : s e
o 250
£
L
Q
©
3w
[ ]
L ]
g 5 E-.
< 0
S
A0 ‘ ‘ : , : ‘
1} 0.2 0.4 0.8 0.8 1 12 1.4 18
Time (s)
FIG. 114
250 y Y
vvvvvvvvvvv Shortest Distance in X-gxis
. : - -~ Bhottest Distance in Y-axis
200 i . , S Shortest Distance in Z-axis

g

g

<

n
=]
T

Amplitude (mV)

0.2 0.4 0.6 0.8 1

“Time (s)

FiG. 118



Patent Application Publication  Jan. 21,2016 Sheet 130f19  US 2016/0015286 A1

Xaxisat{cm

' ‘ I ! T ! : i

401 = I \ | 1 | | . | i
1 e 18 i 1B 18 i 2 i i ke

Time (sec)
Yaxisatcm

T R O O R - SR
Time {sec}

FIG. 12



US 2016/0015286 A1

Jan. 21,2016 Sheet 14 of 19

Patent Application Publication

HEL ODFA

FEL DA

VEI DA




Patent Application Publication  Jan. 21,2016 Sheet 150f19  US 2016/0015286 A1

VCG plot in 3 Dimesions

004 1

0.02-

Z axis

-0.02.

-0.04.

-0.05.
63

T o o - . 2

Y axis A1 005

FiIG, 14



Patent Application Publication

.81

6005

£3.008

Jan. 21,2016 Sheet 16 of 19

801 L

po- T R i £
«£.02
528

.03

£.0538 ¢

-$.04

.................... Be fi’VE‘d E{:G
s Mleas ured ECG

560 1860 1500 2008 2560 3000 3508 4080

Time samples

FIG. IS

US 2016/0015286 A1



US 2016/0015286 A1

Jan. 21,2016 Sheet 17 of 19

Patent Application Publication

91 "ODid VoF kA
mmm & m mw § v X gy g S X

%éé aﬁm ] ?3 PRS0 %%%ﬁ -

Hoioa(] SR Sifion Gy e PORIOY N m
VORI I ™ Y s N
, -0 <
i
f e
H / £
i H :
d i A,.v...,‘
: mﬁaﬁ» Y9285 SRi BT BORI0I B0 HESIEIOHIEY ~ H v\,x »
W2 SR 29 KO- R £
......................................................... : ¥



Patent Application Publication  Jan. 21,2016 Sheet 180f19  US 2016/0015286 A1

0025 s X hadd iy tsi{;rmai Qdm&aﬁm}% 3 T TI {}rimaﬁm%@
T e Rucovered X lead :

0015}

a0t ’ ' ” B b & T S (S .

Q,@Qs ::, .............. LB ............... .............. ‘E {}.ﬁgﬁ H

4808

401+

b A0 400 shb &0 1080 ¢ 206 4B B0 SO0 1000
Time Samples Tinwe Samples

FiG. 174



Patent Application Publication  Jan. 21,2016 Sheet 190f19  US 2016/0015286 A1

X lgad in Nomal Orientation, Y lead in Normal Orientation
o Ropovered X lead 0.3 o Recovered Y load "

&62 .A & 3,825 ................ % ............. SO |

0.025

§.015

{}(81 """""""" "E eﬁ’; ................ B T INE ,;:

os T S | e —

L0085+

201 ~ s -
0 500 o 0 500 1000

Time Samples Time Samples

FiG, 178



US 2016/0015286 A1l

INTEGRATED VECTORCARDIOGRAM
SYSTEM AND METHOD OF USE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This patent application claims priority to U.S. Pro-
visional Patent Application No. 62/025,308, entitled, “Vec-
torcardiogram (VCG) System and Method,” filed on Jul. 16,
2014, the contents of which are hereby incorporated by ref-
erence.

FIELD OF THE INVENTION

[0002] Embodiments of the invention relate, generally, to
cardiac monitoring. Certain embodiments of the present
invention relate more specifically to an integrated vectorcar-
diogram device and method for advanced, portable, long term
and/or continuous monitoring of a patient’s electrical heart
activity.

BACKGROUND OF THE INVENTION

[0003] Vectorcardiography is a method to calculate, for
each time instant, the magnitude and direction of electrical
forces generated by the heart, commonly referred to as the
resultant cardiac, or heart, vector, as sensed by electrical leads
mounted on the skin surface of a patient. A vectorcardiogram
(VCG) presents a compact three-dimensional (3D) view of
the depolarization, or depolarization cycle, of the heart. The
resultant cardiac vector may be viewed as three (3) projec-
tions of the polarization event of the heart on the coronal
(frontal), transverse (horizontal) and sagittal (vertical) plane
or directly as a vector. Vectorcardiography is presently used
mostly for didactic purposes to teach students of biomedical
sciences, physiological aspects of electrocardiography. The
3-lead VCG and the 12-lead ECG (electrocardiogram)
present the same comprehensive diagnostic information con-
cerning the electrical activity of the heart, albeit in different
formats.

[0004] To the trained clinician, an ECG conveys a large
amount of information about the structure of the heart and the
function of its electrical conduction system. Among other
things, an ECG can be used to measure the rate and rhythm of
heartbeats, the size and position of the heart chambers, the
presence of any damage to the heart’s muscle cells or con-
duction system, the effects of cardiac drugs and the function
of implanted pacemakers.

[0005] Current ambulatory monitoring systems have lim-
ited monitoring capability\ and do not have the diagnostic-
quality monitoring fidelity of the 12-lead ECG, sometimes
referred to as the “gold standard” for electrocardiography in
the medical industry. Additionally, 12-lead ECG machines
contain wires that connect the leads to the ECG machine,
thereby restricting patient mobility and rendering the ECG
machines nearly impossible to be used by the patient outside
the clinic or hospital.

[0006] Accordingly, what is needed in the art is an
improved integrated vectorcardiogram system and method-
ology that facilitates continuous, real-time, comprehensive,
unobtrusive, remote, diagnostic-quality cardiac monitoring.
However, in view of the art considered as a whole at the time
the present invention was made, it was not obvious to those of
ordinary skill in the field of this invention how the shortcom-
ings of the prior art could be overcome.
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SUMMARY OF THE INVENTION

[0007] According to certain embodiments of the present
invention, an integrated vectorcardiogram system may be
provided, where either all or substantially all of the leads
(e.g., all but a single lead externally connected to the inte-
grated VCG device) are completely contained within the inte-
grated vectorcardiogram system, thereby at least substan-
tially, if not completely, eliminating external wires.

[0008] Inoneembodiment, an integrated vectorcardiogram
(VCQG) device for measuring cardiac electrical activity of a
patient is provided. The integrated VCG device includes a
pair of substantially orthogonal X-axis electrodes, a pair of
substantially orthogonal Y-axis electrodes and a first Z-axis
electrode of a pair of substantially orthogonal Z-axis elec-
trodes, the electrodes contained within a housing adapted to
be in contact with a patient in a vectorcardiogram measure-
ment position to sense cardiac electrical signals of the patient.
The integrated VCG device further includes, analog process-
ing circuitry contained within the housing, the analog pro-
cessing circuitry coupled to receive the cardiac electrical
signals sensed by the pair of substantially orthogonal X-axis
electrodes, the pair of substantially orthogonal Y-axis elec-
trodes and the first Z-axis electrode of the pair of substantially
orthogonal Z-axis electrodes. The integrated VCG device
additionally includes, a second Z-axis electrode of the pair of
substantially orthogonal Z-axis electrodes adapted to be in
contact with the patient in a vectorcardiogram measurement
position and coupled to the analog processing circuitry, the
second Z-axis electrode to sense cardiac electrical signals of
the patient and the analog processing circuitry to receive the
cardiac electrical signals from the second Z-axis electrode.
The VCG device further includes, an analog-to-digital con-
verter contained within the housing, the analog-to-digital
converter coupled to the analog processing circuitry to con-
vert the cardiac electrical signals to digital vectorcardiogram
data, a digital signal processor contained within the housing,
the digital signal processor coupled to receive the digital
vectorcardiogram data from the analog-to-digital converter to
generate processed digital vectorcardiogram data and telem-
etry circuitry contained within the housing, the telemetry
circuitry coupled to receive the processed digital vectorcar-
diogram data from the digital signal processor and to transmit
the data to a remote device.

[0009] In one embodiment of the integrated VCG device,
the second Z-axis electrode of the pair of substantially
orthogonal Z-axis electrodes may be contained within the
housing. In an additional embodiment, the second Z-axis
electrode of the pair of substantially orthogonal Z-axis elec-
trodes may be coupled to the analog processing circuitry by
an external lead and adapted to contact the patient in a mea-
surement position.

[0010] Inan additional embodiment, a method for measur-
ing cardiac electrical activity of a patient includes, position-
ing a vectorcardiogram device in a measurement position
relative to a patient, wherein the vectorcardiogram device
includes a pair of substantially orthogonal X-axis electrodes,
a pair of substantially orthogonal Y-axis electrodes and a first
Z-axis electrode of a pair of substantially orthogonal Z-axis
electrodes, the electrodes contained within a housing adapted
to be in contact with a patient in a vectorcardiogram measure-
ment position to sense cardiac electrical signals of the patient.
The integrated VCG device further includes, analog process-
ing circuitry contained within the housing, the analog pro-
cessing circuitry coupled to receive the cardiac electrical
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signals sensed by the pair of substantially orthogonal X-axis
electrodes, the pair of substantially orthogonal Y-axis elec-
trodes and the first Z-axis electrode of the pair of substantially
orthogonal Z-axis electrodes. The integrated VCG device
additionally includes, a second Z-axis electrode of the pair of
substantially orthogonal Z-axi.s electrodes adapted to be in
contact with the patient in a vectorcardiogram measurement
position and coupled to the analog processing circuitry, the
second Z-axis electrode to sense cardiac electrical signals of
the patient and the analog processing circuitry to receive the
cardiac electrical signals from the second Z-axis electrode.
The integrated VCG device further includes, an analog-to-
digital converter contained within the housing, the analog-to-
digital converter coupled to the analog processing circuitry to
convert the cardiac electrical signals to digital vectorcardio-
gram data, a digital signal processor contained within the
housing, the digital signal processor coupled to receive the
digital vectorcardiogram data from the analog-to-digital con-
verter to generate processed digital vectorcardiogram data
and telemetry circuitry contained within the housing, the
telemetry circuitry coupled to the receive the processed digi-
tal vectorcardiogram data from the digital signal processor
and to transmit the data to a remote device.

[0011] In the method of the present invention, the second
7-axis electrode may be internal or external to the housing of
the integrated VCG device. Additionally, the measurement
position of the integrated VCG device may be external to the
patient, wherein the device is in contact with the skin of the
patient, or alternatively the measurement position of the inte-
grated VCG device may be internal to the patient, wherein the
device is implanted within the body of the patient.

[0012] In various embodiments, the present invention pro-
vides an improved integrated vectorcardiogram system and
methodology that facilitates continuous, real-time, compre-
hensive, unobtrusive, remote, diagnostic-quality cardiac
monitoring.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] For a fuller understanding of the invention, refer-
ence should be made to the following detailed description
(noted thatif “ground” is not mentioned in the measurements
figures, there was no ground reference used when taking
those measurements), taken in connection with the accompa-
nying drawings, in which:

[0014] FIG. 1illustrates the VCG in three Cartesian planes
with VCG loops indicated, in accordance with an embodi-
ment of the present invention.

[0015] FIG. 2 is illustration of the integrated vectorcardio-
gram system in accordance with an embodiment of the
present invention.

[0016] FIG. 3A shows the measured signals for different
distances for a pair of electrodes in the X-axis, in accordance
with an embodiment of the present invention.

[0017] FIG. 3B shows the measured signals for different
distances for a pair of electrodes in the X-axis (with a shorter
time interval shown for clarity), in accordance with an
embodiment of the present invention,

[0018] FIG. 4 shows the measured signals between a pair of
electrodes in the Z-axis, in accordance with an embodiment
of the present invention.

[0019] FIG.5A is perspective view of a single lead external
integrated VCG showing the front and back faces of the
device, in accordance with an embodiment of the present
invention.
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[0020] FIG. 5B is perspective view of an optimized external
integrated VCG with a capacitively coupled Z-lead showing
the front and back faces of the device, in accordance with an
embodiment of the present invention.

[0021] FIG. 6isa functional block diagram of an integrated
VCG with external Z lead, in accordance with an embodiment
of the present invention.

[0022] FIG. 7isa functional block diagram of an optimized
external integrated VCG with a capacitively coupled Z-lead,
in accordance with an embodiment of the present invention.
[0023] FIG. 8 is a side view of an optimized external inte-
grated VCG showing the Z-lead acquiring the cardiac signals
wirelessly through capacitive coupling in accordance with an
embodiment of the present invention.

[0024] FIG. 9 is a functional block diagram of an internal
integrated VCG, in accordance with an embodiment of the
present invention.

[0025] FIG. 10 s a side view of an internal integrated VCG
showing the Z-leads separated by the indicated depth, in
accordance with an embodiment of the present invention.
[0026] FIG. 11A shows the measured and noise filtered
signal in the X-axis for the measured distance between a pair
of electrodes, X=1.8 cm, in accordance with an embodiment
of the present invention.

[0027] FIG. 11B shows filtered signals for the measured
distances of 1.8 cm in X axis and 2.2 em inY axis and Z axis,
in accordance with an embodiment of the present invention.
[0028] FIG. 12 shows the X, Y and Z tracing acquired
simultaneously with an experimental multi-lead external
integrated VCG at a distance of 1 cm between electrodes in
both X and Y directions, in accordance with an embodiment
of the present invention.

[0029] FIG. 13A shows the integrated VCG loops plotted in
coronal (X-Y) plane, in accordance with an embodiment of
the present invention.

[0030] FIG. 13B shows the integrated VCG loops plotted in
sagittal (Y-7) plane, in accordance with an embodiment of the
present invention.

[0031] FIG. 13C shows the integrated VCG loops plotted in
transverse (X-7) plane, in accordance with an embodiment of
the present invention.

[0032] FIG. 14 shows the integrated VCG loops plotted in
three dimensions as the cardiac vector trajectory, in accor-
dance with an embodiment of the present invention.

[0033] FIG. 15 shows measured lead aVF compared with
aVF lead derived from integrated VCG leads, in accordance
with an embodiment of the present invention.

[0034] FIG. 16A shows the cardiac vector projected in the
coronal (XY) Plane with integrated VCG device in normal
orientation (blue), 45 degree anti-clockwise rotation (red),
and de-rotated in software (black) , in accordance with an
embodiment of the present invention.

[0035] FIG. 16B shows the cardiac vector projected in the
coronal (XY) Plane with integrated VCG device in normal
orientation (blue), 45 degree clockwise rotation (red), and
de-rotated in software (black) , in accordance with an
embodiment of the present invention.

[0036] FIG. 17A shows the comparison of X and Y Leads
recorded with normal electrode placement and software-re-
covered leads (electrodes were rotated in the anti-clockwise
direction), in accordance with an embodiment of the present
invention.

[0037] FIG. 17B shows the comparison of X and Y Leads
recorded with normal electrode placement and software-re-
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covered leads (electrodes were rotated in the clockwise direc-
tion), in accordance with an embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF THE INVENTION

[0038] In the following detailed description of the inven-
tion, reference is made to the accompanying drawings, which
form a part thereof, and within which are shown by way of
illustration specific embodiments by which the invention may
be practiced. It is to be understood that other embodiments
may be utilized and structural changes may be made without
departing from the scope of the invention.

[0039] As used in this specification and the appended
claims, the singular forms *“a”, “an”, and “the” include plural
referents unless the content clearly dictates otherwise. As
used in this specification and the appended claims, the term
“or” is generally employed in its sense including “and/or”
unless the context clearly dictates otherwise.

[0040] Generally, theintegrated vectorcardiogram method-
ology is discussed herein to enable comprehensive, continu-
ous, real-time monitoring of the cardiac electrical activity of
a patient utilizing a small form-factor device that can be worn
on the body of the patient. The principal advantage of the
integrated vectorcardiogram is that it provides the same infor-
mation as the 12-lead ECG but with fewer leads. This is
achieved by manipulating the cardiac vector to yield a con-
ventional ECG signal.

[0041] In one embodiment, the invention comprises a sys-
tem and method based on a vectorcardiogram that can con-
tinuously monitor, in three dimensions, the electrical activity
of the heart with a miniaturized, portable device that enables
secure continuous recording of an individual’s heart activity.
The integrated vectorcardiogram described herein provides
the same amount of information as the 12-lead ECG (which is
known as the “gold standard” in the field of cardiology), but
requires less data (typically only V4 of the data as the ECG) to
be transmitted. For every time sample, a three-element vector,
comprised of the X, Y and Z voltage amplitudes, is transmit-
ted. The very small integrated vectorcardiogram device of the
present invention is ideally similar in size to a small adhesive
bandage, although other sizes are contemplated, which can be
placed on-body or can be implanted in the human body. The
invention provides long term and continuous remote, wired or
wireless, monitoring of a patient’s electrical heart activity.
The present invention provides a small, portable integrated
vectorcardiogram device that can be worn on-body or
implanted within a patient, enabling comprehensive and con-
tinuous data collection having a quality at least equal to that
available from a 12-lead ECG without requiring wires asso-
ciated with the current 12-lead ECG machines.

[0042] In one embodiment, the integrated vectorcardio-
gram of the present invention provides a cost effective, com-
pact, portable and wirelessly communicating VCG-based
device. Through this inventive technology, continuous real-
time remote telemonitoring of a patient’s heart activity
becomes possible. The Holter monitor system, which is cur-
rently the standard for ambulatory monitoring of the electri-
cal activity of the heart, is limited in the sense that it can sense
only 1-2 dimensions of the heart’s electrical activity with 1-3
leads, and is obtrusive due to electrical wires crowding the
chest area. Moreover, the Holter monitor can be used for only
a limited period of time. The Holter monitor system can be
replaced by the integrated VCG system of the present inven-
tion for improved cardiac monitoring. Moreover, the inte-
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grated VCG of the present invention can reduce the complex-
ity and the cost of intensive care unit (ICU) cardiac
monitoring. In addition, physicians can potentially send
patients home earlier because the doctors can have continu-
ous remote monitoring of the patients, thereby reducing the
overall medical expenses.

[0043] Furthermore, continuous remote monitoring of a
patient may assist in the prediction of a cardiac event, which
may allow physicians to provide preventative health care for
the patient, allowing improved patient care and reduced over-
all medical costs. Research shows that predictive pre-cursor’s
can be found in the 12-lead ECG in the case of certain heart-
related abnormalities. For example, life threatening coronary
morbidity and mortality was linked to non-specific ST-T
wave changes in an ECG. It was concluded that patients who
develop non-specific ST-T wave changes without explanation
require rigorous preventative management against coronary
heart disease.

[0044] FIG. 1 illustrates a view of the VCG signal from
three Cartesian planes (X-Y, Y-Z and X-7). The integrated
VCG uses three orthogonal systems of leads to obtain the 3D
electrical representation of the heart. The integrated VCG and
ECG are both reflections of the electrical cardiac activity of
the heart, however, they differ in the recording methodology
employed. The quality and the quantity of information in the
integrated VCG 1s at least as comprehensive as the 12-lead
ECG and may contain more information that is useful in
certain circumstances.

[0045] In particular, from FIG. 2, the direction of the car-
diac, or heart, vector can be computed from the VCG loops
(dashed green curves in FIG. 2). Each VCG loop 1s a projec-
tion of the cardiac vector on the three Cartesian planes.
[0046] In accordance with an embodiment of the present
invention, an integrated vectorcardiogram device, having a
small form factor, is presented herein, wherein the integrated
VCG device may be part of an integrated vectorcardiogram
system. The integrated VCG device of the present invention
has a very small form factor, such that it can be an ambulatory
device and can continuously monitor the electrical activity of
the heart of a patient in three dimensions.

[0047] The integrated VCG device of the present invention
contains three pairs of orthogonal leads that are integrated
into a small, wearable, device that is designed to be unobtru-
sive to daily patient activity. Due to the small size of the
device, a greatly reduced inter-electrode distance (as com-
pared to the classic VCG system) is required. In the develop-
ment of the integrated VCG device, the main challenge is to
construct a small device, wherein the pairs of electrodes used
to capture the electrical activity of the heart in the X, Y and Z
dimensions are separated by small inter-electrode distances.
[0048] The miniaturized integrated VCG device of the
present invention may also incorporate artificial intelligence
(machine learning) technology, security and device authenti-
cation, and wireless communication capabilities. The inte-
grated vectorcardiogram system may be comprised of a min-
iaturized wireless integrated VCG device 20, a mobile data
system 25 such as, but not limited to, a smart phone and an
associated server 30, as shown with reference to FIG. 2. FIG.
2 also illustrates an optional Pacemaker 40 (Cardiac Resyn-
chronization Therapy Device/Implantable Cardioverter
Defibrillator) that may be a part of the integrated vectorcar-
diogram system, which can be controlled by the integrated
vectorcardiogram device to regulate the signals to the
patient’s heart 45.
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[0049] The integrated vectorcardiogram system enables
continuous, comprehensive, long-term, information collec-
tion from an outpatient, or in an in-hospital patient, that is
identical in content to the data available from the office-based
12-lead ECG. This capability has never been available before.
[0050] In one embodiment, the integrated vectorcardio-
gram device of the present invention is designed to be posi-
tioned on the body of a patient, wherein the electrodes are
integrated into the housing of the device, or are alternatively
adhered to the outer surface of the housing, and are positioned
to be in contact with the skin surface of the patient to collect
the cardiac electrical signals of the patient’s heart. In order to
integrate the electrodes within the housing of the device, a
minimum allowable distance between the electrodes needs to
be determined. To determine the minimum allowable distance
between the electrodes, two pairs of electrodes may be placed
on the body of the patient, wherein one pair of electrodes is
positioned in the X-axis and another pair of electrodes is
positioned in the Y-axis, at various distances. In this embodi-
ment, for the Z-axis, one Z-axis electrode may be placed on
the chest of the patient and the other Z-axis electrode may be
placed on the back of the patient. It was determined that
positioning electrodes along all three axes, centered on the
heart and two inches above the xiphoid allows for optimiza-
tion of lead placements for orthogonality and maximum sig-
nal fidelity.

[0051] As the distance between the leads in the X and Y
axes 1s decreased, the amplitude and wave shape of the signals
will, at some point, suffer loss of amplitude and become
distorted, as a result of a loss of orthogonality. As such, the
3-lead VCG signal will be degraded relative to that of a
12-lead ECG.

[0052] With reference to FIG. 3A and FIG. 3B, electrical
activity of the heart for different distances between the elec-
trodes was measured and data was obtained for distances
between about 12.6 cm and about 1.8 cm for electrode leads
in the X-axes and for distances between about 8.0 cm and
about 2.2 cm for electrode leads in the Y-axes. As illustrated,
the measured signals suffer loss of amplitude and become
distorted as the distance between the electrodes is decreased.
FIG. 4 illustrates the signal data obtained in the Z-axis,
wherein a first Z-axis electrode was placed on the chest (Z+),
and the other electrode was place on the back (Z-) and mea-
surements were taken with and without a ground lead. The
information provide in FIG. 3A, FI1G. 3B and FIG. 4 is useful
to determine the minimum distance required between the
electrodes pairs to provide a satisfactory and accurate diag-
nostic VCG signal. The effect of a ground lead in the X-axis
and Y-axis electrodes may also be considered by incorporat-
ing a ground lead into the measurements.

[0053] As can be seen in FIG. 3A, FIG. 3B and FIG. 4, the
closer the distance between the leads, the smaller the ampli-
tude of the signal and the smaller the signal-to-noise ratio,
since the noise power remains the same. These signals illus-
trated in FIG. 3A, FIG. 3B and FIG. 4 are presented in scalar
form and will be subsequently transmitted in vector form [X,
Y, 7].

[0054] The results provided in F1G. 3A, FIG. 3B and FIG.
4 show that an acceptable 3-lead VCG signal can be obtained
from three pairs of orthogonal electrodes that are separated by
a minimum distance. Incorporating signal processing that
allows the electrodes to be separated by a minimum distance
provides fbr an integrated VCG device having a compact form
factor that can be used to collect the cardiac electrical signals
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of a patient. As shown with reference to FIG. 5A, in one
embodiment of the present invention, the VCG device 140
comprises a pair of substantially orthogonal X-axis elec-
trodes 100, 105 and a pair of substantially orthogonal Y-axis
electrodes 110, 115 contained within a housing 130 or posi-
tioned on a substantially planar back surface of the housing
130. In this embodiment, a first Z-axis electrode 120 is con-
tained within the housing 130 and a second Z-axis electrode
125 is connected to the device 140 by a lead. In operation, the
integrated VCG device 140 is placed in contact with the chest
of the patient at a proper measurement position such that the
X-axis electrodes 100, 105, the Y-axis electrodes 110,115 and
the first Z-axis electrode 120 are in contact with the skin of the
patient. The second Z-axis electrode 125 is then placed on the
back of the patient to form a pair of Z-axis orthogonal leads.
The placement of the electrodes in contact with the skin of the
patient and in an appropriate measurement positon on the
chest of the patient is effective in collecting the cardiac elec-
trical signals of the patient. The housing 130 may further
include a display 135 on a substantially planar front surface of
the device 130.

[0055] Inanadditional embodiment, with reference to FIG.
5B, the second Z-axis electrode 125 may also be incorporated
into the housing 130 and separated from the first Z-axis elec-
trode to provide a pair of substantially orthogonal Z-axis
electrodes utilizing capacitive coupling. In this embodiment,
the integrated VCG device 140 comprises a pair of substan-
tially orthogonal X-axis electrodes 100, 105, and a pair of
substantially orthogonal Y-axis electrodes 110, 115 contained
within a housing 130 and positioned on a substantially planar
back surface of the housing 130. In this embodiment, a first
Z-axis electrode 120 and the second Z-axis electrode 125 are
both contained within the housing 130, wherein the first
7-axis electrode 120 is positioned on the back surface of the
housing 130 and the second Z-axis electrode 125 is posi-
tioned within the interior of the housing 130, or alternatively,
on the front surface of the housing 130, and separated from
the first Z-axis electrode by a predetermined distance 145 to
establish capacitive coupling between the Z-axis electrodes
120, 125. In operation, the integrated VCG device 140 is
placed in contact with the chest of the patient at a proper
measurement position such that the X-axis electrodes 100,
105, the Y-axis electrodes 110, 115 and the first Z-axis elec-
trode 120 are in contact with the skin of the patient. The
placement of the X-axis electrodes and the Y-axis electrodes,
and the capacitive coupling of the Z-axis electrodes, is effec-
tive in collecting the cardiac electrical signals of the patient
when placed in a measurement position. The housing 130
may further include a display 135 on a substantially planar
front surface of the device 130.

[0056] The distance between the Z-axis electrodes may be
established by fabricating the integrated VCG device housing
130 to be slightly thicker than the integrated VCG device
illustrated in FIG. 5A, wherein the second Z-axis electrode
that is external to the device. By incorporating both Z-axis
electrodes into the slightly thicker housing 130 of the VCG
device 140, non-contact, capacitive coupling between the
second Z-axis electrode 125 and the first Z-axis electrode 120
that is in contact with the body tissue can be utilized to
measure the Z-axis of the VCG signal. The predetermined
distance 145 between the Z+ 120 and Z- 125 electrodes is
estimated to be in the range of about 5 ¢m to about 2 cm, to
provide the required signal through capacitive coupling. As
such, the first Z-axis electrode 125 in combination with the
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second Z-axis electrode 130 acquires the cardiac signal from
the body tissue without needing to establish contact between
the second Z-axis electrode 130 and the body tissue. The
advantage of this embodiment is that are no wired leads that
are required to be placed on the body tissue external to the
integrated VCG device 140, thereby allowing for a much less
obtrusive, fully integrated, portable integrated VCG device
140 that allows for continuous remote monitoring of the
patients ECG functions.

[0057] In a particular embodiment, the housing 130 of the
integrated VCG device 140 may be a shielded enclosure with
dimensions of approximately 9.65 cmx6.35 cm. However,
this is not intended to be limiting and smaller dimensions of
the housing are within the scope of the present invention.
[0058] With reference to FIG. 6, a functional block diagram
representation of an external integrated VCG device 200 is
illustrated. In this embodiment, “external” is used to refer to
an embodiment of the VCG device 200 that is adapted to be
positioned in a measurement position on the skin surface of a
patient. In this embodiment, the X-axis electrodes 205, 210,
the Y-axis electrodes 215, 220 and one of the Z-axis elec-
trodes 225 are integrated into the housing 140 and are posi-
tioned on a back surface of the housing 140 to establish
contact with the skin of a patient. The other Z-axis electrode
230 is connected to the device 200 by an external wire and is
placed on the back (or other suitable location) of the human
body, as previously described. This single external Z-axis
electrode 230 may be held in place using a bandage, strap or
any other device designed to hold the electrode 230 in place
on the patient’s back. In one embodiment of the invention, the
wire and single Z-axis electrode 230 may be integrated within
a strap, such as a single strap, that can be securely fastened
around the patient’s chest and back. Thus, the number of
wires required to monitor a patient’s individual cardiac
rhythm is significantly reduced over the current 12-lead ECG
machines. Using a strap to hold the electrode 230 for the
Z-axis in place can be used for ambulatory, in-patient and
out-patient monitoring allowing for greater comfort and
mobility for the patient.

[0059] Theintegrated VCG device 200 may further include
analog processing circuitry 245. The analog processing cit-
cuitry receives the signals on the six (6) X,Y and Z leads and
may pass the signals through a differential amplifier and
subsequently through a band-pass filter to remove high fre-
quency noise. The amplified and filtered signals may then be
passed through a buffer amplifier of the analog processing
circuitry 245 to optimally match impedance with an analog-
to-digital (A/D) converter 250. As such, the amplified, band-
pass signals are converted into high-resolution digital data at
the A/D converter 250. In this embodiment of FIG. 6, the
analog-to-digital converter 250 is integrated into the inte-
grated VCG device 240.

[0060] Following the conversion of the analog signals
acquired by the electrodes to digital data at the A/D converter
250, the digital data may be stored in a memory and/or trans-
mitted to a digital signal processor 255 for further processing.
The digital signal processor 255 may include hardware and
software for performing various signal processing functions,
such as removal of residual 60 Hz power-line noise, adaptive
filtering functions to recalibrate and re-orthogonalize the
electrodes and transformation of the 3-lead VCG signal data
to a 12-lead ECG.

[0061] Theintegrated VCG device 200 may further include
telemetry circuitry 260, which may be embodied as a wireless
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transmission protocol. The telemetry circuitry 260 may
receive the digital data from the digital signal processor 255
and may wirelessly transmit the digital data to a personal
device or to a server 280. In a particular embodiment, the
telemetry circuitry 260 may be a wireless communication
system using an appropriate protocol (e.g., BLUETOOTH,
BLUETOOTH low-energy, ZigBee, WiFi, etc.) that receives
the processed data from the digital signal processor 255 and
transmits the integrated VCG device 200 information, diag-
noses, data analysis reports, etc. through an internal antenna
290. Considering a sampling rate of 1 KHz, and a 12-bit
analog-to-digital converter, a nominal bit rate of 36 Kbps may
be suitable for transmitting the three VCG signals, although
other rates are within the scope of the present invention. Such
a data rate, along with the necessary protocol and control and
management overhead, can easily be accommodated by a
Bluetooth Low Energy wireless module that can support rates
up to 1 Mbps. In order to provide security between two
communicating entities, the protocol may be used to provide
encryption and authentication. The receiver of this data can be
any unit desired by the user, for example an electronic device
(e.g., computer, smartphone, tablet, hand-held device) con-
nected wirelessly, a hospital server connected through a Wire-
less Local Area Network (WLAN), a cellular network or a
combination of devices. Upon transfer of the integrated VCG
information to the electronic device, the electronic device can
monitor the information in real-time and/or use the infoma-
tion for further processing. In addition, the external integrated
VCG device 200 can also exchange intelligent information
with a pacemaker or other implantable Cardioverter/
Defibriliator device 285.

[0062] Theintegrated VCG device 200 may further include
amicrocontroller 270 in communication with the analog pro-
cessing circuitry, the A/D converter 250, the digital signal
processor and associated memory 255 and the telemetry cir-
cuitry 260. The microcontroller is in communication with the
digital signal processor 255 and may be configured to drive
the user interface/display 265 that can be used to query the
integrated VCG system for information/diagnoses, to adjust
settings, to reprogram the system and to toggle between vari-
ous modes (e.g., 6-lead mode, sleep mode, ICU mode, train-
ing mode, etc.). Additionally, the digital signal processor 255
and microcontroller 270, and/or associated circuitry, will also
contain a trainable learning system that analyzes the VCG
data, learns various VCG patterns, and outputs useful infor-
mation and diagnoses for the patient.

[0063] Withreference to FIG. 7, a functional block diagram
representation of an external integrated VCG device 300 hav-
ing an integrated second Z-axis electrode is illustrated. In this
embodiment, “external” is used to refer to an embodiment of
the integrated VCG device 300 that is adapted to be posi-
tioned in a measurement position on the skin surface of a
patient. In this embodiment, the X-axis electrodes 305, 310,
the Y-axis electrodes 315, 320 and both of the Z-axis elec-
trodes 325, 330 are integrated into the housing 340 and are
positioned on a back surface of the housing 340 to establish
contact with the skin of a patient. As shown with reference to
FIG. 8, in this embodiment, the positive Z-axis electrode 325
is separated from the negative Z-axis electrode 330, in the
Z-axis direction, by a predetermined distance that is estab-
lished within the housing 340. In one embodiment, one of the
Z-axis electrodes 325 may be positioned on a back surface of
the housing 340 and the other Z-axis electrode 330 may be
positioned on, or near, a front surface of the housing 340 to
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establish the predetermined distance between the Z-axis elec-
trodes 325, 330. In a particular embodiment, the inter-elec-
trode distance between the Z-axis electrodes 325, 330 may be
about 1 cm. The separation between the Z-axis electrodes
325, 330 allows for acquisition of the VCG signal from the
proximal body tissue 395 utilizing capacitive coupling. As
such, in this embodiment, all of the electrodes necessary to
acquire the VCG signal are contained within the housing 340.
Thus, all of the external wires required to monitor a patient’s
individual cardiac rhythm are eliminated, in comparison with
the 12 leads required in conventional 12-lead ECG machines.
A strap may be used to secure the device 300 to the body of the
patient, or alternatively, the back surface of the device 300
may include a substance that allows for removable adherence
to the surface of patient’s skin. The device 300 having inte-
grated electrodes is advantageous for use for ambulatory,
in-patient and out-patient monitoring allowing for greater
comfort and mobility for the patient.

[0064] Theintegrated VCG device 300 may further include
analog processing circuitry 345. The analog processing cit-
cuitry receives the signals on the six (6) X, Y and Z leads and
may pass the signals through a differential amplifier and
subsequently through a band-pass filter to remove high fre-
quency noise. The amplified and filtered signals may then be
passed through a buffer amplifier of the analog processing
circuitry 345 to optimally match impedance with an analog-
to-digital (A/D) converter 350. As such, the amplified, band-
pass signals are converted into high-resolution digital data at
the A/D converter 350. in this embodiment of FIG. 6, the
analog-to-digital converter 250 is integrated into the VCG
device 350.

[0065] Following the conversion of the analog signals
acquired by the electrodes to digital data at the A/D converter
350, the digital data may be stored in a memory and/or trans-
mitted to a digital signal processor 355 for further processing.
The digital signal processor 355 may include hardware and
software for performing various signal processing functions,
such as removal of residual 60 Hz power-line noise, adaptive
filtering functions to recalibrate and re-orthogonalize the
electrodes and transformation of the 3-lead VCG signal data
to a 12-lead ECG.

[0066] Theintegrated VCG device 300 may further include
telemetry circuitry 360, which may be embodied as a wireless
transmission protocol. The telemetry circuitry 360 may
receive the digital data from the digital signal processor 355
and may wirelessly transmit the digital data to a personal
device or to a server 380. In a particular embodiment, the
telemetry circuitry 360 may be wireless communication sys-
tem comprising an appropriate protocol (e.g. BLUETOOTH,
BLUETOOTH low-energy, ZigBee, WiF1i, etc. ) that receives
the processed data from the digital signal processor 355 and
transmits the integrated VCG device 300 information, diag-
noses, data analysis reports, etc. through an internal antenna
390. Considering a sampling rate of 1 KHz, and a 12-bit
analog-to-digital converter, a nominal bit rate of 36 Kbps may
be suitable for transmitting the three VCG signals, although
other rates are within the scope of the present invention. Such
a data rate, along with the necessary protocol and control and
management overhead, can easily be accommodated by a
Bluetooth Low Energy wireless module that can support rates
up to 1 Mbps. In order to provide security between two
communicating entities, the protocol may be used to provide
encryption and authentication. The receiver of this data can be
any unit desired by the user, for example an electronic device
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(e.g., computer, smartphone, tablet, hand-held device) con-
nected wirelessly, a hospital server connected through a Wire-
less Local Area Network (WLAN), a cellular network or a
combination of devices. Upon transfer of the integrated VCG
information to the electronic device, the electronic device can
monitor the information in real-time and/or use the informa-
tion for further processing. In addition, the external integrated
VCG device 300 can also exchange intelligent information
with a pacemaker or other implantable Cardioverter/Defibril-
lator device 385.

[0067] Theintegrated VCG device 300 may further include
amicrocontroller 370 in communication with the analog pro-
cessing circuitry, the A/D converter 350, the digital signal
processor and associated memory 355 and the telemetry cir-
cuitry 360. The microcontroller is in communication with the
digital signal processor 355 and may be configured to drive
the user interface/display 365 that can be used to query the
integrated VCG system for information/diagnoses, to adjust
settings, to reprogram the system and to toggle between vari-
ous modes (e.g., 6-lead mode, sleep mode, ICU mode, train-
ing mode, etc. ). Additionally, the digital signal processor 355
and microcontroller 370, and/or associated circuitry, will also
contain a trainable machine learning system that analyzes the
VCG data, learns various VCG patterns, and outputs useful
information and diagnoses concerning the patient.

[0068] Withreference to FIG. 9, a functional block diagram
representation of an internal integrated VCG device 400 hav-
ing an integrated second Z-axis electrode is illustrated. In this
embodiment, “internal” is used to refer to an embodiment of
the VCG device 400 that is adapted to be implanted in the
chest area of the patient. In this embodiment, the X-axis
electrodes 405, 410, the Y-axis electrodes 415, 420 and both
of the Z-axis electrodes 425, 430 are integrated into the hous-
ing 440 or adhered to the back surface of the housing 440. to
establish contact with the skin of a patient. As shown with
reference to FIG. 9, in this embodiment, the positive Z-axis
electrode 425 is separated from the negative Z-axis electrode
430, in the Z-axis direction, by a predetermined distance that
is established within the housing 440. In one embodiment,
one of the Z-axis electrodes 425 may be positioned on a back
surface of the housing 440 and the other Z-axis electrode 430
may be positioned on, or near, a front surface of the housing
440 to establish the predetermined distance between the
Z-axis electrodes 425, 430. In a particular embodiment, the
inter-electrode distance between the Z-axis electrodes 425,
430 may be about 1 cm. The separation between the Z-axis
electrodes 425, 430 allows fbr acquisition of the VCG signal
with direct contact with body tissue. As illustrated with ref-
erence to FIG. 10, in which a side view of the integrated VCG
device 400 is shown, the separation of the Z-axis leads 425,
430 in this embodiment allows the device to collect cardiac
signals from the nearby tissue when the vectorcardiogram
device 400 is implanted into the body of the patient. In one
such an embodiment, the tissue can be separated by a maxi-
mum distance equal to the thickness of the implanted VCG
device 400 and 1s sufficient to obtain a comprehensible signal
in the body environment. As such, in this embodiment, all of
the electrodes necessary to acquire the VCG signal are con-
tained within the housing 440. Thus, all of the external wires
required to monitor a patient’s individual cardiac rhythm are
eliminated, in comparison with the 12 leads required in con-
ventional 12-lead ECG machines. The implanted device 400
having integrated electrodes is advantageous for use in out-
patient monitoring of the patient.
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[0069] Theintegrated VCG device 400 may further include
analog processing circuitry 445. The analog processing cit-
cuitry receives the signals on the six (6) X, Y and 7 leads and
may pass the signals through a differential amplifier and
subsequently through a band-pass filter to remove high fre-
quency noise. The amplified and filtered signals may then be
passed through a buffer amplifier of the analog processing
circuitry 445 to optimally match impedance with an analog-
to-digital (A/D) converter 450. As such, the amplified, band-
pass signals are converted into high-resolution digital data at
the A/D converter 450. In this embodiment of FIG. 9, the
analog-to-digital converter 450 is integrated into the VCG
device 450

[0070] Following the conversion of the analog signals
acquired by the electrodes to digital data at the A/D converter
450, the digital data may be stored in a memory and/or trans-
mitted to a digital signal processor 455 for further processing.
The digital signal processor 455 may include hardware and
software for performing various signal processing functions,
such as removal of residual 60 Hz power-line noise, adaptive
filtering functions to recalibrate and re-orthogonal ize the
electrodes and transformation of the 3-lead VCG signal data
to a 12-lead ECG.

[0071] Theintegrated VCG device 400 may further include
telemetry circuitry 460, which may be embodied as a wireless
transmission protocol. The telemetry circuitry 460 may
receive the digital data from the digital signal processor 455
and may wirelessly transmit the digital data to a personal
device or to a server 480. In a particular embodiment, the
telemetry circuitry 460 may be wireless communication sys-
tem comprising an appropriate protocol (e.g., BLUETOOTH,
BLUETOOTH low-energy, ZigBee, WiFi, etc.) that receives
the processed data from the digital signal processor 455 and
transmits the integrated VCG device 400 information, diag-
noses, data analysis reports, etc. through an internal antenna
490. Considering a sampling rate of 1 KHz, and a 12-bit
analog-to-digital converter, a nominal bit rate of 36 Kbps may
be suitable for transmitting the three VCG signals, although
other rates are within the scope of the present invention. Such
a data rate, along with the necessary protocol and control and
management overhead, can easily be accommodated by a
Bluetooth Low Energy wireless module that can support rates
up to 1 Mbps. In order to provide security between two
communicating entities, the protocol may be used to provide
encryption and authentication. The receiver of this data can be
any unit desired by the user, for example an electronic device
(e.g., computer, smartphone, tablet, hand-held device) con-
nected wirelessly, a hospital server connected through a Wire-
less Local Area Network (WLAN), a cellular network or a
combination of devices. Upon transfer of the integrated VCG
information to the electronic device, the electronic device can
monitor the information in real-time and/or use the informa-
tion for further processing. In addition, the external integrated
VCG device 400 can also exchange intelligent information
with a pacemaker or other implantable Cardioverter/Defibril-
lator device 485.

[0072] Theintegrated VCG device 400 may further include
amicrocontroller 470 in communication with the analog pro-
cessing circuitry, the A/D converter 450, the digital signal
processor and associated memory 455 and the telemetry cir-
cuitry 460. In the present invention, digital signal processing
can be used to reduce or eliminate spurious effects via ampli-
fication of weak signals, filtering, and adaptive signal cancel-
lation. Additionally, post-reception signal processing tech-
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niques may be used to compensate for degradation or
distortion in the signal and to restore signal orthogonality.
Additionally, in this embodiment, the user interface/display is
removed from the device and the VCG device 400 may be
controlled by a remote device that wirelessly communicates
with the microcontroller 470 contained in the device 400. The
remote device can be used to query the integrated VCG sys-
tem for information/diagnoses, to adjust settings, to repro-
gram the system and to toggle between various modes (e.g.,
6-lead mode, sleep mode, mode, training mode, etc. ). Addi-
tionally, the digital signal processor 455 and microcontroller
470, and/or associated circuitry, can also optionally contain a
trainable learning system that analyzes the VCG data, learns
various VCG patterns, and outputs useful information and
diagnoses for the patient.

[0073] Inan additional embodiment of the integrated VCG
device of the invention, a 2-dimensional frontal plane VCG
may be utilized instead of a 3-dimensional VCG. In this
alternative embodiment, a pair of orthogonal X-axis elec-
trodes and a pair of Y-axis electrodes may be incorporated
into the housing and use to collect the electrical cardiac sig-
nals of the patient. In this embodiment, the Z-axis electrodes
are eliminated and the information provided by the 2-dimen-
sional frontal plane VCG is equivalent to atleast 6 leads of the
12-lead ECG.

[0074] Embodiments of a miniaturized integrated VCG
device, as described in the present invention, allows the nec-
essary electronics and associated electrodes to fit into a single
package that is small enough to be non-intrusive and that can
be worn by the patient. Both the external and internal embodi-
ments of the integrated VCG device may additionally include
a battery to reduce the power line noise. Utilizing battery
power for the device will eliminate the 60 Hz noise directly
from the power source and additional filtering may be used to
remove other 60 Hz noise resulting from electrical and mag-
netic coupling of the circuitry, as well as other noise, for
example. In one embodiment, differential amplifiers for each
dimension (X, Y and Z) may be incorporated in the analog
processing circuitry to eliminate common-mode noise and
the output of the amplifiers may be filtered using a 0.5-150 Hz
band-pass filter to reduce thermal noise bandwidth. The fil-
tered signals may then be passed through an oscilloscope with
a built-in analog-to-digital A/D) converter to provide digital
data representative of the collected VCG signals. During digi-
tal signal processing, the 60 Hz noise may be removed,
orthogonality may be restored, the stored data may be pro-
cessed, and the signal can be made available in real-time.
Signal processing techniques may further remove noise ele-
ments and restore the loss of amplitude and orthogonality as
sensors are moved closer together.

[0075] FIG. 11A illustrates the measured signal, before
noise removal, and the filtered signal, after noise removal, for
the X-axis at a distance between the pair of electrodes equal to
about 1.8 cm. In this embodiment, the circuit is battery pow-
ered, analog filtered and shielded to reduce a majority of the
noise, but noise filtering or cancellation is still typically nec-
essary. In an exemplary embodiment, MATL AB code may be
used to remove 60 Hz power line noise and other noise either
via filtering or adaptive filtering. As seen, the post-processing
block helps to remove the 60 Hz noise and other unwanted
signals, as the ECG measurements with 60 Hz noise is input
to the MATLAB-based filtering utilizing a second order IR
(infinite impulse response) notch filter. Thus, the noise can be
removed, as illustrated with reference to FIG. 11A. The algo-
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rithm used to filter the signal may be designed such that the
integrated VCG device will be sensitive to the specific spec-
tral content of the ECG signal around 60 Hz and may addi-
tionally be trained to adaptively learn and cancel “noise” at
other frequencies, or alternatively set to 50 Hz in certain
countries.

[0076] The filtered signals for the shortest distances in the
X-axis (1.8 cm), Y-axis (2.2 cm), and Z-axes are illustrated
with reference to FIG. 11B. As shown in FIG. 11B, the ampli-
tude of the signal in the Z-axis is larger than the X-axes and
Y-axes because the distance between the Z-axis leads is very
large compared to the inter-electrode distance in the X-axis
and the Y-axis, considering that one of the Z-axis electrodes
was placed on the back of the patient. FIG. 12 shows the plots
of the X and Y leads where the electrodes were placed 1 cm
apart.

[0077] FIG. 13A illustrates a plot of the VCG loops based
upon the acquired cardiac vector projected in the X-Y plane.
FIG. 13B illustrates a plot of the VCG loop based upon the
acquired cardiac vector projected in the Y-Z plane and FIG.
13C illustrates a plot of the VCG loop based upon the
acquired cardiac vector projected in the X-Z. FIG. 14 illus-
trates the VCG loops plotted in three dimensions based upon
the VCP loops shown in FIGS. 13A, 13B and 13C.

[0078] Post-reception signal processing techniques can
additionally be used to convert the 3-lead VCG signals to the
12-lead ECG that is more familiar to physicians. There is a
linear relationship between the 3-lead VCG signals and each
of the 12-lead ECG signals. Hence, there is a 12x3 transfor-
mation matrix that converts the 3-lead VCG vector to the
12-lead ECG. In one embodiment, the digital signal processor
of the integrated VCG device of the present invention may
implement adaptive filtering techniques, such as those
employing a least-squares algorithm, a least-mean-squares
(LMS) algorithm or a recursive least-squares algorithm
(RLS) to learn the 12x3 transformation matrix that is unique
to the specific patient.

[0079] Because the human chest is not truly planar in shape,
the X and Y axes may be inclined, thereby causing the VCG
leads to lose orthogonality. The angle of inclination depends
upon the body type of the patient and cannot be estimated
prior to installation of the integrated VCG device. By using
the 12-lead ECG the angles of inclination can be calculated
and orthogonality can be restored via software implemented
in the digital signal processor. In an exemplary embodiment,
at the time of fitting of the 3-lead VCG device, the patient may
also be fitted with a standard 12-lead ECG. The 3-lead VCG
device and the 12-lead ECG machine may be synchronized
and used to read the cardiac signals (VCG and ECG) of the
patient, substantially simultaneously. The ECG leads may
then be removed from the patient, leaving the integrated VCG
device in place. The cardiac signals read by the integrated
VCG and the ECG may then be transmitted to an external
server or device to perform the calibration. The 12-lead ECG
signals and a 3x12 inverse transformation matrix that is deter-
mined via research prior to the fitting of the VCG device, are
used to calibrate the integrated VCG device. It is envisioned
that the inverse transformation matrix will be applicable to all
body types and can therefore be employed for all patients.
However, in an alternative embodiment, it may be necessary
to determine multiple inverse transformation matrices that are
unique to specifically identified body types to allow for
adequate calibration of the integrated VCG device. The 3x12
inverse transformation matrix is applied to the 12-lead ECG
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signals to obtain a normal signal that is not distorted as aresult
of the curvature of the patient’s chest. This normal signal is
then compared with the signal measured from the integrated
VCG device. The integrated VCG device is then corrected by
rotating it by a quantity that minimizes the error between the
normal signal and the integrated VCG signal. Following the
calibration of the integrated VCG device, the corrected inte-
grated VCG signal may then be then recorded and stored on
the integrated VCG device as a reference cardiac vector.

[0080] Ifthe integrated VCG device is external and in con-
tact with the skin of the patient, the device can be removed by
the patient at any time, such as to replace the batteries in the
device. When the patient reattaches the device, it is likely that
the placement of the device will be at least slightly different
than the placement during the original fitting of the device
performed by the physician. Further correction for any incor-
rect placement (by the patient) or inadvertent disorientation
of the device can be performed to re-establish orthogonality
via signal processing that rotates and or translates the VCG
signal in software or by physically orienting the device. The
reference cardiac vector that is stored in the VCG device, as
previously described regarding the initial fitting of the inte-
grated VCG device, may additionally be used as a reference
for correcting distortion resulting from the subsequent mis-
placement of the device by the patient, principally in the form
of incorrect orientation in the XY plane. The signal fidelity
may suffer from incorrect placement of the VCG device. This
incorrect placement may be characterized as an inadvertent
rotation or translation from the correct orientation and loca-
tion. A method that corrects the effects of such an inadvertent
rotation in software, without requiring patient involvement, is
provided by the present invention. The method utilizes the
reference cardiac vector that was determined at the initial
fitting to correct for the subsequent misplacement of the
device. The cardiac vector from the rotated VCG recording is
iteratively rotated (in software) in small angles such that the
minimum mean square error (MMSE) between the disori-
ented cardiac vector and the reference cardiac vector is mini-
mized.

[0081] Incertain embodiments of the present invention, the
digital signal processor of the integrated VCG system may be
configured to adaptively learn the 12x3 matrix transformation
that converts the VCG signal to the “gold standard” 12-lead
ECG signal when the 3-lead VCG device is initially installed
on the patient. The 12-lead ECG contains 12 signals (leads)
commonly referred to as: I, 11, 1II, aVR, aVL, aVF, V1, V2,
V3,V4, V5, and V6. When the 12-lead ECG and the 3-lead
VCG devices that are attached to the patient are synchro-
nized, an adaptive signal processing technique may be used to
process the transformation coefficients that are used to con-
vert the 3-lead VCG signal to the 12-lead ECG. In one
embodiment, each of the 12 measured ECG signals may be
compared with each of the 3 measured VCG signals and the
coefficients in the matrix transformation may be computed to
achieve the best matching coefficients by minimizing the
mean-squared error between each of the measured 12 ECG
and the ECG signals derived from the 3-lead VCG signal.

[0082] The process required to obtain the transformation
coefficients involves measuring the ECG and VCG leads
simultaneously and obtaining the coefficients using a suitable
algorithm. In an exemplar embodiment, the ECG leads cor-
responding to I, aVF, and V2 were measured with the X, Y and
7 leads of the VCG device, substantially simultaneously. The
least-square method was then employed to determine the



US 2016/0015286 A1l

transformation coefficients. FIG. 15 illustrates the measured
ECG lead, aVF and the aVF lead derived from the VCG leads
using the calculated transformation coefficients.

[0083] FIG. 16A illustrates the projection of the cardiac
vector in the XY plane for a normal orientated VCG device,
the projection when the VCG device is rotated by 45° in the
clockwise direction, and the software-corrected cardiac vec-
tor projection. FIG. 16B shows a similar figure, wherein the
integrated VCG device was inadvertently rotated in the clock-
wise direction. FIG. 17A illustrates the X and Y leads when
recorded in the normal orientation and when recovered from
an VCG device rotated in a clockwise direction and FI1G. 17B
illustrates the X and Y leads when recorded in the normal
orientation and when recovered from an VCG device rotated
in and anti-clockwise direction. In an additional embodiment,
the angle of rotation to correct the effects of inadvertent
rotation of the device may be analytically computed as an
alternative to the iterative approach.

[0084] It is further contemplated herein that the battery in
the device can be designed to accommodate the long-life
requirements that are important for implanted devices. Simi-
larly, a low-power wireless protocol (e.g., BLUETOOTH
Low Energy) can be chosen in order to adhere to the SAR
(Specific Absorption Ratio) power limitation requirements in
the body.

[0085] To save power, the device does not necessarily con-
tinuously wirelessly communicate, but may have embedded
intelligence that determines and only communicates to report
cardiac events. This enables event-driven communications,
which is power conserving relative to continuous transmis-
sion.

[0086] Another optional feature is that the implanted VCG
device wirelessly communicates, with or forms a network
with other cardiac implanted devices within the patient (e.g.,
pacemaker, ICD, etc. ), or with other devices where the coor-
dinated information recorded and transmitted by the network
of devices is of medical benefit to the user, operator, medical
team, etc. For example, the implanted VCG device can com-
municate advanced/intelligent actuation decisions to a pace-
maker or train the pacemaker to make better decisions. It is
expected that the limited sensing capability and intelligence
present in the cardiac implant can benefit significantly from
the VCG device’s monitoring capability. As such, the number
of false positive shocks administered by these cardiac
implants, which is presently a problem, can be significantly
reduced by the cardiac implant being trained to make better
decisions.

[0087] Importantly, it has been shown herein that a VCG
device can be made with all five electrodes (X+/-, Y+/- and
7+)leads fully integrated into the device, thereby eliminating
any external leads or permitting only a single external elec-
trode (Z-). The Z-axis lead can also make electrical contact
with the skin or not make electrical contact with the skin, or be
incorporated into a main external integrated device by adding
depth between the two leads. Further, the devices may be
calibrated relative to a 12-lead ECG. The VCG devices may
also measure respiration via measured changes in bio-imped-
ance, along with controlling or training cardiac implants,
such as pacemakers.

[0088] The inventive integrated vectorcardiogram system
of the present invention allows long term and continuous
remote monitoring of a patient’s electrical heart activity. The
implications are potentially profound and include: (1) provid-
ing a less expensive, less obtrusive, device compared to the
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12-lead ECG system (the “gold standard™); (2) comprehen-
sive and continuous remote tele-monitoring of a patient; (3)
capable of replacing the current Holter monitor system; (4)
ICU cardiac monitoring becoming much less complex and
costly; (5) physicians potentially sending patients home ear-
lier because the doctors can have continuous remote moni-
toring of the patients; (6) Cardiac Implants benefitting from
intelligent monitoring information; and (7) predicting poten-
tially fatal cardiac events and alerting patients to seek medical
care to avert said event

[0089] Theprimary component of the Integrated Vectorcar-
diogram system of the present invention is the integrated
VCG device. Presented herein are proof-of-concept experi-
mental results that strongly support the above assertions.
Moreover, it is shown herein how to collect and process the
signals of the electrical activity of the heart using the inte-
grated VCG device. The learning system and communication
capabilities are part of the integrated VCG system, such that
it can learn the patterns of the collected data and make deci-
sions that are sent to the pacemaker (ICD/CRT) that control
actuation. As such, the VCG learning system of the present
invention may also be trained to not only recognize, but
predict cardiac abnormalities.

[0090] The vectorcardiogram system of the present inven-
tion captures the electrical condition of the heart by recording
the 3-D cardiac vector signal, using a minimal lead distance.
The captured signals are then filtered and converted to digital
data. The data is then processed using an algorithm fbr noise
removal and re-orthogonalization. The corrected VCG leads
are then either transmitted to the hospital/physician/im-
planted device, as-is or after conversion to a 12-lead ECG.
[0091] The present invention may be embodied on various
computing platforms that perform actions responsive to soft-
ware-based instructions. The following provides an anteced-
ent basis for the information technology that may be utilized
to enable the invention.

[0092] The computer readable medium described in the
claims below may be a computer readable signal medium or
a computer readable storage medium. A computer readable
storage medium may be, for example, but not limited to, an
electronic, magnetic, optical, electromagnetic, infrared, or
semiconductor system, apparatus, or device, or any suitable
combination of the foregoing. More specific examples (a
non-exhaustive list) of the computer readable storage
medium would include the following: an electrical connec-
tion having one or more wires, a portable computer diskette,
a hard disk, a random access memory (RAM), a read-only
memory (ROM), an erasable programmable read-only
memory (EPROM or Flash memory), an optical fiber, a por-
table compact disc read-only memory (CD-ROM ), an optical
storage device, a magnetic storage device, or any suitable
combination of the foregoing. In the context of this document,
a computer readable storage medium may be any tangible
medium that can contain, or store a program for use by or in
connection with an instruction execution system, apparatus,
or device.

[0093] A computer readable signal medium may include a
propagated data signal with computer readable program code
embodied therein, for example, in baseband or as part of a
carrier wave. Such a propagated signal may take any of a
variety of forms, including, but not limited to, electro-mag-
netic, optical, or any suitable combination thereof. A com-
puter readable signal medium may be any computer readable
medium that is not a computer readable storage medium and
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that can communicate, propagate, or transport a program for
use by or in connection with an instruction execution system,
apparatus, or device.

[0094] Program code embodied on a computer readable
medium may be transmitted using any appropriate medium,
including but not limited to wireless, wire-line, optical fiber
cable, radio frequency, etc., or any suitable combination of
the foregoing. Computer program code for carrying out
operations for aspects of the present invention may be written
in any combination of one or more programming languages,
including an object oriented programming language such as
Java, C#, C++ or the like and conventional procedural pro-
gramming languages, such as the “C” programming language
or similar programming languages.

[0095] Aspects of the present invention are described
below withreference to illustrations and/or block diagrams of
methods, apparatus (systems) and computer program prod-
ucts according to embodiments of the invention. It will be
understood that each element in the illustrations can be imple-
mented by computer program instructions. These computer
program instructions may be provided to a processor of a
general purpose computer, special purpose computer, or other
programmable data processing apparatus to produce a
machine, such that the instructions, which execute via the
processor of the computer or other programmable data pro-
cessing apparatus, create means for implementing the func-
tions/acts specified in the flowchart and/or block diagram
block or blocks.

[0096] These computer program instructions may also be
stored in a computer readable medium that can direct a com-
puter, other programmable data processing apparatus, or
other devices to function in a particular manner, such that the
instructions stored in the computer readable medium produce
an article of manufacture including instructions which imple-
ment the function/act specified in the flowchart and/or block
diagram block or blocks.

[0097] The computer program instructions may also be
loaded onto a computer, other programmable data processing
apparatus, or other devices to cause a series of operational
steps to be performed on the computer, other programmable
apparatus or other devices to produce a computer imple-
mented process such that the instructions which execute on
the computer or other programmable apparatus provide pro-
cesses for implementing the functions/acts specified in the
flowchart and/or block diagram block or blocks.

[0098] While certain aspects of conventional technologies
have been discussed to facilitate disclosure of the invention,
Applicants in no way disclaim these technical aspects, and it
is contemplated that the claimed invention may encompass
one or more of the conventional technical aspects discussed
herein.

[0099] The present invention may address one or more of
the problems and deficiencies of the prior art discussed above.
However, it is contemplated that the invention may prove
useful in addressing other problems and deficiencies in a
number of technical areas. Therefore, the claimed invention
should not necessarily be construed as limited to addressing
any of the particular problems or deficiencies discussed
herein.

[0100] In this specification, where a document, act or item
of knowledge is referred to or discussed, this reference or
discussion is not an admission that the document, act or item
of knowledge or any combination thereof was at the priority
date, publicly available, known to the public, part of common
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general knowledge, or otherwise constitutes prior art under
the applicable statutory provisions; or is known to be relevant
to an attempt to solve any problem with which this specifica-
tion is concerned.

[0101] The advantages set forth above, and those made
apparent from the foregoing description, are efficiently
attained. Since certain changes may be made in the above
construction without departing from the scope of the inven-
tion, it is intended that all matters contained in the foregoing
description or shown in the accompanying drawings shall be
interpreted as illustrative and not in a limiting sense.

[0102] Itis also to be understood that the following claims
are intended to cover all of the generic and specific features of
the invention herein described, and all statements of the scope
of the invention that, as a matter of language, might be said to
fall therebetween.

What is claimed is:

1. A vectorcardiograrn device fbr measuring cardiac elec-
trical activity of a patient, the device comprising:

a pair of substantially orthogonal X-axis electrodes and a
pair of substantially orthogonal Y-axis electrodes, the
electrodes contained within a housing adapted to be in
contact with a patient in a vectorcardiogram measure-
ment position to sense cardiac electrical signals of the
patient;

analog processing circuitry contained within the housing,
the analog processing circuitry coupled to receive the
cardiac electrical signals sensed by the pair of substan-
tially orthogonal X-axis electrodes and the pair of sub-
stantially orthogonal Y-axis electrodes;

an analog-to-digital converter contained within the hous-
ing, the analog-to-digital converter coupled to the ana-
log processing circuitry to convert the cardiac electrical
signals to digital vectorcardiogram data;

a digital signal processor contained within the housing, the
digital signal processor coupled to receive the digital
vectorcardiogram data from the analog-digital converter
to generate processed digital vectorcardiogram data; and

telemetry circuitry contained within the housing, the
telemetry circuitry coupled to the receive the processed
digital vectorcardiogram data from the digital signal
processor and to transmit the data to a remote device.

2. The vectorcardiogram device of claim 1, further com-
prising a first Z-axis electrode of a pair of substantially
orthogonal Z-axis electrodes, the first Z-axis electrode con-
tained within a housing adapted to be in contact with a patient
in a vectorcardiogram measurement position and coupled to
the analog processing circuitry, the first Z-axis electrode to
sense cardiac electrical signals of the patient and the analog
processing circuitry to receive the cardiac electrical signals
from the first Z-axis electrode.

3. The vectorcardiogram device of claim 2, further com-
prising a second Z-axis electrode of the pair of substantially
orthogonal Z-axis electrodes adapted to be in contact with the
patient in a vectorcardiogram measurement position and
coupled to the analog processing circuitry, the second Z-axis
electrode to sense cardiac electrical signals of the patient and
the analog processing circuitry to receive the cardiac electri-
cal signals from the second Z-axis electrode.

4. The vectorcardiogram device of claim 3, wherein the
second Z-axis electrode of the pair of substantially orthogo-
nal Z-axis electrodes is contained within the housing.

5. The vectorcardiogram device of claim 3, wherein the
first Z-axis electrode and the second Z-axis electrode of the



US 2016/0015286 A1l

pair of substantially orthogonal Z-axis electrodes are sepa-
rated by a predetermined distance within the housing.

6. The vectorcardiogram device of claim 3, wherein the
second Z-axis electrode of the pair of substantially orthogo-
nal Z-axis electrodes is coupled to the analog processing
circuitry by an external lead and is adapted to contact the
patient in a measurement position.

7. The vectorcardiogram device of claim 7, wherein the
analog processing circuitry comprises at least one amplifier.

8. The vectorcardiogram device of claim 7, wherein the
analog processing circuitry comprises at least one filter
coupled to the at least one amplifier.

9. The vectorcardiogram device of claim 8, wherein the
analog processing circuitry comprises at least one amplifier
buffer coupled between the at least one filter and the analog-
to-digital converter.

10. The vectorcardiogram device of claim 1, further com-
prising a microcontroller coupled to the analog processing
circuitry, the analog to digital converter, the digital signal
processor and the telemetry circuitry.

11. The vectorcardiogram device of claim 10, further com-
prising at least one of a user interface and a display coupled to
the microcontroller.

12. The vectorcardiogram device of claim 1, wherein the
digital signal processor further comprises a transformation
matrix to transform the digital vectorcardiogram (VCG) data
to electrocardiogram (ECG) data.

13. The vectorcardiogram device of claim 1, wherein the
digital signal processor further comprises a patient specific
ECG calibration transformation matrix to calibrate the digital
vectorcardiogram data.

14. The vectorcardiogram device of claim 1, wherein the
digital signal processor further comprises a reference cardiac
vector to correct the effect of inadvertent rotation of the VCG
device.

15. The vectorcardiogram device of claim 1 wherein the
telemetry circuitry is wireless telemetry circuitry.

16. The vectorcardiogram device of claim 1, wherein the
remote device is selected from the group consisting of a
computer, a smartphone, a native device, a tablet, a server, or
other electronic device.

17. A method for measuring cardiac electrical activity of a
patient, the method comprising:

positioning a vectorcardiogram device in a measurement

position relative to a patient, wherein the vectorcardio-

gram device comprises;

a pair of substantially orthogonal X-axis electrodes and
a pair of substantially orthogonal Y-axis electrodes,
the electrodes contained within a housing adapted to
be in contact with a patient in a measurement position
to sense cardiac electrical signals of the patient;

analog processing circuitry contained within the hous-
ing, the analog processing circuitry coupled to receive
the cardiac electrical signals sensed by the pair of
substantially orthogonal X-axis electrodes and the
pair of substantially orthogonal Y-axis electrodes;

an analog-to-digital converter contained within the
housing, the analog-to-digital converter coupled to
the analog processing circuitry to convert the cardiac
electrical signals to digital vectorcardiogram data;

a digital signal processor contained within the housing,
the digital signal processor coupled to receive the
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digital vectorcardiogram data from the analog-to-
digital converter to generate processed digital vector-
cardiogram data; and

telemetry circuitry contained within the housing, the
telemetry circuitry coupled to the receive the pro-
cessed digital vectorcardiogram data from the digital
signal processor and to transmit the data to a remote
device.

18. The method of claim 17, wherein the vectorcardiogram
device further comprises a first Z-axis electrode of a pair of
substantially orthogonal Z-axis electrodes, the first Z-axis
electrode contained within a housing adapted to be in contact
with a patient in a vectorcardiogram measurement position
and coupled to the analog processing circuitry, the first Z-axis
electrode to sense cardiac electrical signals of the patient and
the analog processing circuitry to receive the cardiac electri-
cal signals from the first Z-axis electrode.

19. The method of claim 18, wherein the vectorcardiogram
further comprises a second Z-axis electrode of the pair of
substantially orthogonal Z-axis electrodes adapted to be in
contact with the patient in a vectorcardiogram measurement
position and coupled to the analog processing circuitry, the
second Z-axis electrode to sense cardiac electrical signals of
the patient and the analog processing circuitry to receive the
cardiac electrical signals from the second Z-axis electrode.

20. The method of claim 19, wherein the second Z-axis
electrode of the pair of substantially orthogonal Z-axis elec-
trodes is contained within the housing.

21. The method of claim 19, wherein the second Z-axis
electrode of the pair of substantially orthogonal Z-axis elec-
trodes is coupled to the analog processing circuitry by an
external lead and is adapted to contact the patient in a mea-
surement position.

22. The method of claim 17, wherein the measurement
position is external to the patient.

23. The method of claim 17, wherein the measurement
position in internal to the patient.

24. The method of claim 17, further comprising transform-
ing the digital vectorcardiogram (VCG) data to electrocardio-
gram (ECG) data using a transformation matrix.

25. The method of claim 17, further comprising calibrating
the digital vectorcardiogram data using a patient specific
ECG calibration transformation matrix.

26. The method of claim 17, further comprising correcting
the effect of inadvertent rotation of the integrated VCG device
using a reference VCG signal.

27. A system for measuring the cardiac electrical activity of
a patient, the system comprising;

avectorcardiogram device fur measuring cardiac electrical

activity of a patient, the device comprising:

a pair of substantially orthogonal X-axis electrodes, a
pair of substantially orthogonal Y-axis electrodes and
a first Z-axis electrode of a pair of substantially
orthogonal Z-axis electrodes, the electrodes con-
tained within a housing adapted to be in contact with
apatientin a vectorcardiogram measurement position
to sense cardiac electrical signals of the patient;

analog processing circuitry contained within the hous-
ing, the analog processing circuitry coupled to receive
the cardiac electrical signals sensed by the pair of
substantially orthogonal X-axis electrodes, the pair of
substantially orthogonal Y-axis electrodes and the
first Z-axis electrode of the pair of substantially
orthogonal Z-axis electrodes;
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a second 7Z-axis electrode of the pair of substantially
orthogonal Z-axis electrodes adapted to be in contact
with the patient in a vectorcardiogram measurement
position and coupled to the analog processing cir-
cuitry, the second Z-axis electrode to sense cardiac
electrical signals of the patient and the analog pro-
cessing circuitry to receive the cardiac electrical sig-
nals from the second Z-axis electrode;

an analog-to-digital converter contained within the
housing, the analog-to-digital converter coupled to
the analog processing circuitry to convert the cardiac
electrical signals to digital vectorcardiogram data;

a digital signal processor contained within the housing,
the digital signal processor coupled to receive the
digital vectorcardiogram data from the analog-to-
digital converter to generate processed digital vector-
cardiogram data;

telemetry circuitry contained within the housing, the
telemetry circuitry coupled to the receive the pro-
cessed digital vectorcardiogram data from the digital
signal processor;

a remote device in communication with the telemetry cir-
cuitry of the vectocardiogram device; and

a cardiac resynchronization therapy (CRT) pacemaker in
communication with the telemetry circuitry of the vec-
torcardiogram device.

* % % k¥



patsnap

TRAFROE) SEXBELCBERREMFERST
NIF(2E)E US20160015286A1 K (2E)R 2016-01-21
HiES US14/801514 HiEA 2015-07-16

BRI E(ERR)AGE) HERIEH
arrobo N BB REELS
FABRI PETER JEFFREY
ketterl T & Hi 3% 4%
CALVIN PERUMALLA

BE (TR AGE) EREM, R
ARROBO , GABRIEL EDUARDO
FABRI , PETER JEFFREY
KETTERL , THOMAS PETTER
PERUMALLA , CALVIN

HARBEEAR)AGE) EHFZREKE

[FRIKBAA GITLIN RICHARD DENNIS
ARROBO GABRIEL EDUARDO
FABRI PETER JEFFREY
KETTERL THOMAS PETTER
PERUMALLA CALVIN

RAAN GITLIN, RICHARD DENNIS
ARROBO, GABRIEL EDUARDO
FABRI, PETER JEFFREY
KETTERL, THOMAS PETTER
PERUMALLA, CALVIN

IPCH %S AG61B5/04 A61B5/00 A61B5/0402 A61N1/365 A61N1/372

CPCHES A61B5/04011 A61B5/04028 A61N1/37235 A61B5/742 A61N1/36514 A61B5/0006 A61B2560/0468
A61N1/37288 AG61N1/3756

£ A 62/025308 2014-07-16 US
H A0 FF SRk US9451890

SNEBEEE Espacenet USPTO
WEGF)

—fERRECER (VCG ) (B , EA3NEN , HBE=AERAB L , B EENE VRN EES. FTEERNTUNEEE

BAPEYLATRN , NTEBR TN H B2 RRECCREMENEFESELNEE , ANEHS12SKECCRAHRBENRENE

B, ERNVCGIEZETIEBEEE , UATHERBENBIRET L EMEIZEIRE (HIEE:S ) LR HESRaE kiz
DA ATIELE R SERT B E Ml


https://share-analytics.zhihuiya.com/view/f6f6ef34-5ac5-41aa-9e55-a7495f752168
https://worldwide.espacenet.com/patent/search/family/055073531/publication/US2016015286A1?q=US2016015286A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220160015286%22.PGNR.&OS=DN/20160015286&RS=DN/20160015286

CRY
| cernn By



