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Description
BACKGROUND OF THE INVENTIVE CONCEPTS
1. Field of the Inventive Concepts

[0001] The presently claimed and disclosed inventive
concept(s) relates generally to heart monitoring devices
and methods and, more particularly, but not by way of
limitation, to devices, systems and software for generat-
ing and providing one or more 12-lead electrocardio-
grams utilizing only two electrodes.

2. Brief Description of Related Art

[0002] Electrocardiography has been used to study the
electrical activity of the heart. Electrocardiograms (ECG)
can be recorded or taken using electrodes placed on the
skin of a patient. The electrical signals recorded between
any two electrodes placed on the skin of the patient are
referred to as "leads." Varying numbers of electrodes and
leads can be used to take the ECG. Exemplary numbers
of leads used conventionally for taking ECGs are 3, 5,
and 12 leads. Forastandard 12-lead ECG, ten electrodes
are used with six electrodes positioned on the chest and
one electrode on each of the patient’s arms and legs.
[0003] US 2010/0069735 discloses a device, system
and method for obtaining a 12 lead electrocardiogram
(ECG) from measurements obtained with 3 electrodes in
some embodiments (it should be noted that some sepa-
rate embodiments relate to such measurements with 4
electrodes).

[0004] FIG. 1isapictorial representationofthe 10 elec-
trodes of a conventional electrocardiograph being placed
on the patient for obtaining a standard 12-lead ECG. The
electrode placed on the right arm is commonly referred
to as RA. The electrode placed on the left arm is referred
to as LA. The RA and LA electrodes are placed at the
same location on the left and right arms, preferably but
not necessarily near the wrist. The leg electrodes can be
referred to as RL for the right leg and LL for the left leg.
The RL and LL electrodes are placed on the same loca-
tion for the left and right legs, preferably but not neces-
sarily near the ankle.

[0005] FIG. 2 illustrates the placement of the six elec-
trodes on the chestin the prior art arrangement with such
electrodes being labeled V4, V,, V3, Vy, V5, and Vg. V4
is placed in the fourth intercostal space, for example be-
tween ribs 4 and 5, just to the right of the sternum. V, is
placed in the fourth intercostal space, for example be-
tween ribs 4 and 5, just to the left of the sternum. V5 is
placed in the fifth intercostal space midway between elec-
trodes V,and V,. V, is placed in the fifth intercostal space
between ribs 5 and 6 on the left mid-clavicular line. V5 is
placed horizontally even with V, on the left anterior axil-
lary line. Vg is placed horizontally even with V, and Vg
on the left mid-axillary line.

[0006] The electrocardiograph then calculates and
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outputs three limb lead waveforms. Limb leads I, I, and
Il are bipolarleads having one positive and one negative
pole. Lead | is the voltage between the left arm (LA) and
right arm (RA), e.g. | = LA - RA. Lead Il is the voltage
between the left leg (LL) and right arm (RA), e.g. Il = LL
- RA. Lead Ill is the voltage between the left leg (LL) and
left arm (LA), e.g. lll = LL - LA. Leads I, Il and Il are
commonly referred to as "limb leads."

[0007] Unipolar leads also have two poles; however,
the negative pole is a composite pole made up of signals
from multiple other electrodes. In a conventional cardio-
graph for obtaining a 12-lead ECG, all leads except the
limb leads are unipolar (aVR, aVL, aVF, V4, V5, V3, V,,
Vs, and Vg). Augmented limb leads (aVR, aVL, and aVF)
view the heart from different angles (or vectors) and are
determined from RA, RL, LL, and LA. For example, the
augmented vector right (aVR) positions the positive elec-
trode on the right arm, while the negative electrode is a
combination of the left arm electrode and the leftleg elec-
trode, which "augments" the signal strength of the posi-
tive electrode on the right arm. Thus the augmented vec-
tor right (aVR) is equal to RA-(LA+LL)/2 or - (I+1)/2. The
augmented vector left (aVL) is equal to LA-(RA+LL)/2 or
(I-y/2. The augmented vector foot (aVF) is equal to
LL-(RA+LA)/2 or (Il - 1)/2.

[0008] The six electrodes on the chest of the patient
are close enough to the heart that they do not require
augmentation. A composite pole called Wilson’s central
terminal (often symbolized as CTyy, V\y, or WCT) is used
as the negative terminal. Wilson’s central terminal is pro-
duced by connecting the electrodes RA, LA, and LL to-
gether, via a simple resistive network, to give an average
potential across the body, which approximates the po-
tential at an infinite distance (i.e. zero). Wilson’s central
terminal, WCT, is calculated as (RA + LA+ LL)/ 3.
[0009] FIG. 3 illustrates an example Lead | annotated
to show PQRST waves generated by a 12-lead electro-
cardiograph. The identification and measurement of the
PQRST waves based on the electrocardiogram is known
in the art. FIG. 4 illustrates an example of a 12-lead elec-
trocardiogram in a conventional format.

[0010] While a conventional 12-lead electrocardio-
gram gives very useful information concerning the health
and condition of an individual’s heart, the conventional
electrocardiograph equipment is expensive and the pro-
cedure is not normally available in areas other than hos-
pitals and medical doctors’ offices. Therefore monitoring
is not done frequently even in wealthy countries, and in
poorer areas of the world an electrocardiograph may not
even be available. To significantly reduce costs of ob-
taining an electrocardiogram, a 2-electrode electrocardi-
ograph device as described in U.S. Patent No. 8,301,232
was marketed. The 2-electrode electrocardiograph de-
vice utilizes a smart phone connected to and at least
partially surrounded by a phone protective case incorpo-
rating and supporting the two electrodes. Such devices
significantly simplify and reduce the cost of obtaining an
electrocardiogram, although such an electrocardiogram
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does not include as much information as a 12-lead elec-
trocardiogram produced by an electrocardiograph having
10 electrodes. The 12-lead electrocardiogram produced
by the 10-electrode electrocardiograph offers additional
and important heart-related information to the cardiolo-
gist, allowing the diagnosis of conditions like heart at-
tacks (myocardial infarctions) that a single-lead ECG
cannot do. It would be advantageous if a readily available
and inexpensive device could generate and produce an
electrocardiogram that substantially replicates the 12-
lead electrocardiogram produced by a 10-electrode elec-
trocardiograph.

SUMMARY OF THE DISCLOSURE

[0011] In general, described herein are apparatuses,
methods and systems for producing an electrocardio-
gram that substantially replicates the electrocardiogram
produced by a 10-electrode electrocardiograph but using
an electrocardiograph device having only two electrodes.
In one embodiment, the electrocardiograph device has
a first electrode assembly with a first electrode adapted
to measure an electrical signal on a patient’s body, and
a second electrode assembly with a second electrode
adapted to measure an electrical signal at another loca-
tion on the patient’s body. The electrocardiograph device
also includes control circuitry configured to measure
electrocardiogram signals between the first and second
electrodes, and a data transmission module configured
to transmit the measured electrocardiogram signals to a
portable computing device by a wired or wireless trans-
mission system and protocol such as, for example, those
known in the art as USB, WI-FI®, BLUETOOTH®, NFC,
or as audible or ultrasonic sound signals.

[0012] The electrocardiograph device can be used in
combination with a portable computing device to form an
electrocardiograph. The portable computing device is
provided with computer hardware including a processor
in communication with a non-transitory computer reada-
ble medium. The non-transitory computer readable me-
dium stores software that includes instructions that when
executed by the processor causes the processor to
record the electrocardiogram signals between the first
electrode and the second electrode while the first and
second electrodes are sequentially placed in predeter-
mined paired positions on a patient’s body that are known
by the processor. In one embodiment the processor is
caused to (a) calculate an average PQRST beat from the
measured electrocardiogram signals as the first and sec-
ond electrodes are sequentially placed in Limb Lead I,
I, and Ill positions on a patient’s body for a time required
to measure at least one heartbeat in each Limb Lead
position, the Limb Lead positions known by the proces-
sor; (b) use the relationship (Lead Ill = Lead Il - Lead I)
to time-align and display Limb Leads I, II, and IlI; and (c)
calculate and display augmented Leads aVR, aVL, and
aVF from the time-aligned Limb Leads I, Il, and Ill.
[0013] The software can further include instructions
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that when executed by the processor causes the proc-
essor to calculate and display average time-aligned
Leads V1, V2, and V3 from the measured electrocardi-
ogram signals obtained from sequentially placing one of
the first and second electrodes in a V1, V2, and V3 po-
sition while contacting the other of the first and second
electrodes with a left arm of the patient for a time required
to measure at least one heart beat (or more if an average
beat is to be calculated). The processor is further caused
to calculate and display average Leads V4, V5, and V6
from the measured electrocardiogram signals obtained
from sequentially placing one of the first and second elec-
trodes in a V4, V5, and V6 position while contacting the
other of the first and second electrodes with a right arm
of the patient for a time required to measure at least one
heartbeat. The resulting 12-lead display and report rep-
licated the 12-lead electrocardiogram produced by a 10-
electrode electrocardiograph.

[0014] Methods are provided for generating a 12-lead
electrocardiogram using an electrocardiograph compris-
ing an electrocardiograph device and a portable comput-
ing device. The electrocardiograph device has a first
electrode, a second electrode, control circuitry, and a da-
ta transmission module, the control circuitry configured
to measure electrocardiogram signals between the first
and second electrodes. In one embodiment, such a meth-
od includes directing, by the portable computing device,
a user to place the first electrode and the second elec-
trode at predetermined locations on a patient’s body. The
portable computing device receives and records location
data indicative of the predetermined location on which
the first electrode and the second electrode are placed.
The control circuitry of the electrocardiograph device re-
ceives electrocardiogram signals from the first electrode
and the second electrode, and the data transmission
module of the electrocardiograph device transmits the
electrocardiogram signals to the portable computing de-
vice. The portable computing device generates a 12-lead
electrocardiogram from the sequentially measured elec-
trocardiogram signals between the first and second elec-
trodes.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015]

FIG. 1 is a pictorial representation of a prior art elec-
trocardiograph having 10 electrodes positioned on
a patient’s body for taking a prior art 12-lead elec-
trocardiogram.

FIG.2is a pictorial representation of a chest showing
an example of electrode placement on the chest for
taking a prior art 12-lead electrocardiogram.

FIG. 3 illustrates an example Lead | annotated to
show PQRST waves generated by a 12-lead elec-
trocardiograph.

FIG. 4 shows an example 12-lead electrocardiogram
in a conventional format.
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FIG. 5A illustrates a front elevational view of one
embodiment of an electrocardiograph constructed in
accordance with the presently disclosed and claimed
inventive concepts in which the electrocardiograph
includes a two-electrode electrocardiograph device
and a portable computing device.

FIG. 5Biillustrates a rear elevational view of the elec-
trocardiograph depicted in FIG. 5A.

FIG. 5C is a front elevational view of the electrocar-
diograph device depicted in FIG. 5A in which the
electrocardiograph device has been removed from
the portable computing device.

FIG. 5D is a cross-sectional view of the electrocar-
diograph device depicted in FIG. 5C and taken along
the lines 5-5.

FIG. 6 another embodiment of a two-electrode elec-
trocardiograph device configured in a pen-shape
and constructed in accordance with the inventive
concepts disclosed herein.

FIG. 7A-FIG. 7E illustrates an example sequential
electrode placement used by the electrocardiograph
to generate a 12-lead electrocardiogram in accord-
ance with the presently disclosed inventive con-
cepts.

FIG. 8 shows a correlation of V1 leads for Subject
35 of the Example Clinical Trials.

FIG. 9 shows an excellent correlation of leads 1-8
for Subject 35 in the Example Clinical Trials.

DETAILED DESCRIPTION

[0016] Before explaining at least one embodiment of
the inventive concepts disclosed herein in detail, it is to
be understood that the inventive concepts are not limited
in their application to the details of construction, experi-
ments, exemplary data, and/or the arrangement of the
components set forth in the following description, or il-
lustrated in the drawings. The presently disclosed and
claimed inventive concepts are capable of other embod-
iments or of being practiced or carried out in various
ways. Also, it is to be understood that the phraseology
and terminology employed herein is for purpose of de-
scription only and should not be regarded as limiting in
any way.

[0017] In the following detailed description of embod-
iments of the inventive concepts, numerous specific de-
tails are set forth in order to provide a more thorough
understanding of the inventive concepts. However, it will
be apparent to one of ordinary skill in the art that the
inventive concepts within the disclosure may be practiced
without these specific details. In other instances, well-
known features have not been described in detail to avoid
unnecessarily complicating the instant disclosure.
[0018] Further, unless expressly stated to the contrary,
"or" refers to an inclusive or and not to an exclusive or.
For example, a condition A or B is satisfied by any one
of the following: A is true (or present) and B is false (or
not present), A is false (or not present) and B is true (or
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present), and both A and B are true (or present).
[0019] In addition, use of the "a" or "an" are employed
to describe elements and components of the embodi-
ments herein. This is done merely for convenience and
to give a general sense of the inventive concepts. This
description should be read to include one or at least one
and the singular also includes the plural unless it is ob-
vious that it is meant otherwise.

[0020] Finally, as used herein, any reference to "one
embodiment"” or"an embodiment" means that a particular
element, feature, structure, or characteristic described in
connection with the embodiment is included in at least
one embodiment. The appearances of the phrase "in one
embodiment" in various places in the specification are
not necessarily all referring to the same embodiment.
[0021] The term "lead" in electrocardiography causes
much confusion because it can be used to refer to two
different things. In accordance with common usage, the
word "lead" may be used to refer to the electrical cable
attaching the electrodes to the electrocardiograph. Alter-
natively, and as used herein, the word "lead" refers to
the tracing of the voltage difference between at least two
electrodes. Conventionally, 10 electrodes are used to
produce twelve of this type of lead, thereby forming a
"12-lead" electrocardiogram as exemplified in FIG. 4.
[0022] A "12-lead electrocardiogram format" is used
herein and in the appending claims to refer to presenta-
tion of electrocardiogram signals from at least Lead |,
Lead II, and V, through Vg leads, and optionally Lead IlI,
aVR, aVL and aVF, displayed over the span of at least
one heartbeat using a uniform time scale.

[0023] The term "patient" as used herein includes hu-
mans and other warm-blooded animals, such as mam-
mals, for example, dogs, cats, horses, and cattle or cold-
blooded animals such as reptiles, and refers to the person
or animal whose heart-related signals are being meas-
ured. The term "user" refers to the one applying the elec-
trodes to the body to measure the ECG. The user can
be the same as the patient, or the user can be another
such as, for example, a nurse, doctor, or veterinarian.
[0024] In general methods, devices, and systems are
provided for measuring electrical signals on the body of
a patient. Referring now to FIGS. 5A and 5B, shown
therein is an exemplary embodiment of an electrocardi-
ograph 8 constructed in accordance with the inventive
concepts disclosed and claimed herein. The electrocar-
diograph 8 includes an electrocardiograph device 10 and
a portable computing device 11. The electrocardiograph
device 10 as discussed below is a two-electrode device;
however, it should be understood that the electrocardio-
graph device 10 may include more than two electrodes.
The electrocardiograph device 10 includes a first elec-
trode assembly 12 having a first electrode 14, a second
electrode assembly 16 having a second electrode 18,
and a housing 20 containing control circuitry 22 and a
data transmission module 24. The first electrode 14 and
the second electrode 18 are adapted to measure an elec-
trical signal on a patient’s body. The control circuitry 22,
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can communicate with the first and second electrodes
14 and 18 via ports 23-1 and 23-2, respectively, and is
configured to measure electrocardiogram signals be-
tween the first and second electrodes 14 and 18, respec-
tively. The electrocardiogram signals can be analog sig-
nals indicative of the electrical potentials on a body sur-
face of the patient that are associated with heart muscle
activity. The ports 23-1 and 23-2 may be designed to
receive analog signals, and may include two, three or
four contacts. In some embodiments, the ports 23-1 and
23-2 are standard female connectors in which a three-
contact version is known in the art as a TRS connector,
where T stands for "tip", R stands for "ring" and S stands
for "sleeve". Similarly, two- and four-contact versions are
known in the art as TS and TRRS connectors respec-
tively.

[0025] The data transmission module 24 is configured
to receive the measured electrocardiogram signals and
transmit the measured electrocardiogram signals to the
portable computing device 11. The data transmission
module 24 may transmit the measured electrocardio-
gram signals to the portable computing device 11 using
a wired or wireless transmission system and protocol
such as those known in the art as USB, WI-FI®, BLUE-
TOOTH®, NFC, or as audible or ultrasonic sound signals.
[0026] While there can be multiple electrodes, in one
embodiment there are only two. The first electrode as-
sembly 12 can be configured in any way consistent with
its function, i.e., it should include the first electrode 14 in
a manner available to make contact with a patient’s body
on the hands, chest or other parts of the body, to measure
an electrical signal for obtaining the patient’s electrocar-
diogram. The first electrode assembly 12 can include a
non-conductive hand-held portion 26 as well as the first
electrode 14. By using only two electrodes, and sequen-
tially measuring electrocardiogram signals at separate
and distinct instants of time as discussed below, a patient
can easily measure his or her own electrocardiogram sig-
nals and produce a 12-lead electrocardiogram without
the need to apply 10 electrodes and adhesives to the
body as would be the case using a conventional electro-
cardiograph.

[0027] Thesecond electrode assembly 16 canlikewise
be configured in any way consistent with its function. In
one embodiment, the second electrode assembly 16 is
configured to removably attach to an upper limb of the
patient. For example, the electrocardiograph device 10
shown in FIGS. 5A and 5B includes a second electrode
assembly 16 configured as a spring-hinged cuff. By al-
lowing the second electrode assembly 16 to "grasp" the
patient rather than the patient grasping an electrode, little
or no electrical "noise" is created by the nerves and ad-
jacent muscles holding the second electrode 18.
[0028] Other nonlimiting examples of suitable elec-
trodes include suction cup electrodes, disposable snap
electrodes, alligator clip electrode connectors with dis-
posable electrodes, and any combination thereof.
[0029] The portable computing device 11 can be im-
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plemented as a personal computer, a smart phone, net-
work-capable TV set, TV set-top box, a tablet, an e-book
reader, a laptop computer, a desktop computer, a net-
work-capable handheld device, a video game console,
a server, and combinations thereof, for example. Prefer-
ably, the portable computing device 11 comprises an in-
put device 30, an output device 32, and computer hard-
ware 34 (which is shown in Phantom). The computer
hardware 34 may be a system or systems that are able
to embody and/or execute the logic of the processes de-
scribed herein. Logic embodied in the form of software
instructions and/or firmware may be executed on any ap-
propriate hardware. For example, logic embodied in the
form of software instructions or firmware may be execut-
ed on a dedicated system or systems, or on a personal
computer system, or on a distributed processing compu-
ter system, and/or the like. In some embodiments, logic
may be implemented in a stand-alone environment op-
erating on a single computer system and/or logic may be
implemented in a networked environment, such as a dis-
tributed system using multiple computers and/or proces-
sors. The computer hardware 34 of the portable comput-
ing device 11 may have a processor and a non-transitory
computer readable medium. The term "processor" as
used herein may include a single processor or multiple
processors working independently and/or together to ex-
ecute the logic described herein. Exemplary non-transi-
tory computer readable medium may include random ac-
cess memory, read only memory, flash memory, and
combinations thereof. The term non-transitory computer
readable medium, as used herein, may be implemented
as a single physical device or multiple physical devices
of a distributed system that may or may not be logically
related.

[0030] The input device 30 is capable of receiving in-
formation input from a user, and transmitting such infor-
mation to the computer hardware 34. The input device
30 can be implemented as a keyboard, a touchscreen,
a mouse, a trackball, a microphone, a fingerprint reader,
aninfrared port, a slide-out keyboard, a flip-out keyboard,
a cell phone, a PDA, a video game controller, a remote
control, a fax machine, and combinations thereof, for ex-
ample.

[0031] The output device 32 outputs information in a
form perceivable by a user. For example, the output de-
vice 32 can be a computer monitor, a screen, a touch-
screen, a speaker, a website, a TV set, a smart phone,
a PDA, a cell phone, a fax machine, a printer, a laptop
computer, and combinations thereof. It is to be under-
stood that the input device 30 and the output device 32
may be implemented as a single device, such as for ex-
ample a touchscreen of a smartphone or a tablet.
[0032] In one embodiment, the housing 20 is config-
ured as a protective cover for the portable computing
device 11. As shown in FIG. 5C and FIG. 5D, the housing
20 may be provided with a base 35 having a perimeter
36. The base 35 has an interior surface 38 and an op-
posing exterior surface 40. The housing 20 may also be
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provided with a rim 42 extending from the interior surface
38 and generally following the perimeter 36 of the base
35. The rim 42 and the interior surface 38 define a space
44 that is sized and adapted to receive the portable com-
puting device 11. The ports 23A and 23B may be proxi-
mate to the exterior surface 40 so as to be available when
the portable computing device 11 is positioned within the
space 44. The base 35, in some embodiments, surrounds
and supports the control circuitry 22 and the data trans-
mission module 24. In this embodiment, the base 35 may
include a pocket for receiving a power source 45, such
as a battery, for powering the control circuitry 22 and the
data transmission module 24 and may also include adoor
46 proximate to the interior surface 38 for providing ac-
cess to the pocket such that a user can install and/or
replace the power source 45. In other embodiments, the
power source 45 maybe a solar cell supported by the
base 35 proximate to the exterior surface 40.

[0033] The housing 20 may be constructed as a single
unit, or multiple units connected together. Exemplary ma-
terials forming the housing 20 include plastic, and/or a
combination of plastic and elastomers.

[0034] In another embodiment that is shown in FIG. 6
and labeled by way of example with reference numeral
10-1, the electrocardiograph device combines the first
and second electrodes 14 and 18 on opposing ends of
a unit 50 shaped like a flash light or pen. For example,
the electrocardiograph device 10-1 that is shown in FIG.
6 by way of example has a second electrode 18 on a
cylindrical surface of one end of the "pen" touching a
holder’'s hand in use. The first electrode 14 is located on
anopposing end and is used to contact the holder’s chest,
hand or other body part when in use. The electrocardio-
graph device 10-1 can thus be used to measure the elec-
trical signals between the opposing first and second elec-
trodes 14 and 18, respectively.

[0035] The devices and apparatuses disclosed herein
can also be configured to use one or more disposable
first and second electrodes 14 and 18, respectively, or
firstand second electrode assemblies 12 and 16, respec-
tively. Use of disposable electrodes or disposable elec-
trode assemblies allows the electrocardiograph device
10 or 10-1 to be used by multiple patients with reduced
chance spreading disease by transfer of microbes and
bodily fluids from one patient to another.

[0036] The first and second electrodes 14 and 18, re-
spectively, can be connected to the control circuitry 22
in a wired or wireless manner. In one embodiment, and
as shown in FIGS. 5A and 5B, the first and second elec-
trodes 14 and 18, respectively, are electrically connected
to the control circuitry 22 by the ports 23-1 and 23-2, and
wires or cables.

[0037] The control circuitry 22 measures the small volt-
age between the first and second electrodes 14 and 18,
respectively. In one embodiment, the data transmission
module 24 converts the voltage measurements to a fre-
quency modulated electrocardiogram audio signal and
transmits the signal to a receiver of the computer hard-
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ware 34 of the portable computing device 11 via cable,
a wired audio jack connection, wirelessly (using, for ex-
ample, a BLUETOOTH® connection) or acoustically.
The receiver of the portable computing device 11 can
thus be a cable connection, audio jack, BLUETOOTH®
or similar wireless receiver, or a microphone. In order to
provide enhanced privacy, in one embodiment, the data
transmission module 24 encrypts the signals prior to
transmitting to the portable computing device 11. Numer-
ous encryption techniques are known to those skilled in
the art.

[0038] Nonlimitingexamples of portable computing de-
vice 11 having, or adaptable to have, such receivers in-
clude smartphones, personal digital assistants (PDAs),
tablet personal computers, pocket personal computers,
notebook computers, desktop computers, and server
computers. The receiver may include an antenna and/or
a microphone depending upon the types of signals to be
transmitted from the data transmission module 24.
[0039] Inone embodiment, the electrocardiogram sig-
nals are converted to a frequency modulated audio or
sound signal having a carrier frequency in arange of from
about 1 kHz to about 24 kHz or greater and in this case
the receiver of the computer hardware 34 will include a
microphone. In another embodiment, the data transmis-
sion module 24 converts the electrocardiogram signals
to a frequency modulated sound signal having a carrier
frequency in a range of from about 18 kHz to about 24
kHz or greater. Nonlimiting examples of suitable ultra-
sonic transmitters include, but are not limited to, minia-
ture speakers, piezoelectric buzzers, and the like. The
ultrasonic signals can be received by, for example, a mi-
crophone of the computer hardware 34 of the portable
computing device 11.

[0040] Referring now to FIG. 7, a non-transitory com-
puter readable medium of the computer hardware 34
stores a set of instructions, wherein the set of instructions
are capable of being executed by the processor of the
portable computing device 11. When the set of instruc-
tions are executed, the one or more portable computing
device 11 is caused to receive and record electrocardi-
ogram signals between the first electrode 14 and the sec-
ond electrode 18, while the first and second electrodes
14 and 18, respectively, are sequentially placed in pre-
determined paired positions on a patient’s body at sep-
arate and distinct instants of time, and held in each pre-
determined paired position for multiple heartbeats. The
computing device essentially steps the user through the
positioning each lead and can, for example, show a pic-
ture of a body on a computer screen with the desired
electrode positioning indicated by a flashing point. The
set of instructions further cause the portable computing
device 11 to calculate the electrocardiogram signals into
signal sets representing a heartbeat for each paired po-
sition, and from the signal sets representing a heartbeat,
to calculate average heartbeat representations for each
paired position. The set of instructions can then cause
the portable computing device 11 to align the average
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heartbeat representations, and to store and output elec-
trocardiogram data indicative of the average heartbeat
representations in a standard 12-lead electrocardiogram
format.

[0041] For example, ten seconds of each lead can be
recorded and an average PQRST computed for each
lead from each recording. The limb lead average beats
(1, I, and 1) can then be time-aligned. Augmented lead
average beats are calculated from aligned average limb
leads. The V1-V6 beats are averaged and aligned to cre-
ate a 12-lead report from averaged beats.

[0042] The 12-lead electrocardiogram format output
can display on the output device 32, such as a display
screen of the portable computing device 11 or can be
outputthrough a printer. The set of instructions can cause
the 12-lead electrocardiogram format output to be re-
tained in a storage memory of the portable computing
device 11, or to be transmitted to a computer external to
the portable computing device 11, such as a web server
via an internet connection on the portable computing de-
vice 11.

[0043] In one embodiment, the set of instructions can
further cause the portable computing device 11 to digitize
and demodulate the electrocardiogram signals using
technology known to those skilled in the art or technology
yet to be developed.

[0044] In another embodiment, when the set of instruc-
tions are executed, the portable computing device 11 is
caused to interact with a user (e.g. via the output device
32) to provide audio and/or textual instructions to direct
the placement of the first and second electrodes 14 and
18, respectively, and/or to request the user to confirm
placement of the first and second electrodes 14 and 18,
respectfully via the input device 30. For example, the
portable computing device 11 can be made to provide
textual instructions to a user for contacting the first elec-
trode 14 to the patient’s left arm and the second electrode
18 to the patient’s right arm on a display screen, after
which the electrocardiograph device 10 or the electro-
cardiograph device 10-1 and the portable computing de-
vice 11 measures and records the electrical signal be-
tween the leftarm and right arm for a suitable time interval
to correspond to Lead | in a 12-lead ECG. The instruc-
tions can further cause the portable computing device 11
to calculate and store an average heartbeat representa-
tion for Lead I. A suitable time interval for obtaining heart-
beat data for Lead I, and all leads generally, can be be-
tween 5 seconds and 30 seconds. Longer times are pos-
sible but not necessary.

[0045] The set of instructions can further cause the
portable computing device 11 to provide instructions to
a user, or request placement confirmation from a user,
to collect the electrocardiogram data. For example, after
the portable computing device 11 has stored the data for
Lead I, the portable computing device 11 may provide
instructions to the user, or request placement confirma-
tion from the user regarding contacting the first electrode
14 to the patient’s left leg and the second electrode 18
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to the patient’s right arm, wherein the electrical signal
measured between the leftleg and right arm corresponds
to Lead Il, and to calculate and store an average heart-
beat representation for Lead Il.

[0046] Similarly, the set of instructions can further
cause the portable computing device 11 to provide in-
structions to a user, or request placement confirmation
from a user, regarding contacting the first electrode 14
to the patient’s left leg and the second electrode 18 to
the patient’s left arm, wherein the electrical signal meas-
ured between the left leg and the left arm corresponds
to Lead lll in a 12-lead electrocardiogram and then to
analyze the electrical signal corresponding to Lead Ill to
calculate and store an average heartbeat representation
for Lead IIl.

[0047] Using the average heartbeat representations
Lead | and Lead Il, the set of instructions can cause the
computing device to calculate aVR, aVL, and aVF. The
augmented vector right (aVR) is equal to RA-(LA+LL)/2
or -(I1+11)/2. The augmented vector left (aVL) is equal to
LA-(RA+LL)/2 or (I-Il)/2. The augmented vector foot
(aVF) is equal to LL-(RA+LA)/2 or (Il - 1)/2.

[0048] The set of instructions can further cause the
portable computing device 11 to provide instructions to
a user, or request placement confirmation from the user,
for contacting the first electrode 14 with each of the V1,
V2, V3, V4, V5, and V6 chest locations while contacting
the second electrode 18 to one of the patient’s left arm
and the patients right arm. The electrical signals meas-
ured between each of the V1, V2, V3, V4, V5, and V6
chest locations and the left arm or the right arm corre-
spond to Leads V1, V2, V3, V4, V5, and V6 in a 12-lead
electrocardiogram. The set of instructions can then fur-
ther cause the portable computing device 11 to analyze
the electrical signals corresponding to Leads V1, V2, V3,
V4,V5, and V6 to calculate average heartbeat represen-
tations for Leads V1, V2, V3, V4, V5, and V6.

[0049] While not being bound by any particular theory,
it has been discovered that use of multiple electrodes to
achieve a composite pole such as Wilson’s central ter-
minal is not necessary. In one embodiment, the patient’s
right arm can be used as a negative terminal for each of
Leads V1,V2,V3, V4, V5, and V6 captured with conven-
tional placement of electrodes on the chest. In some in-
dividuals, however, V1, V2 and V3 measurements do not
correlate well. In such individuals, the electrodes must
be placed on either side of the heart to achieve duplica-
tion of conventional V1, V2 and V3 measurements. It has
been definitively demonstrated that in such individuals,
the left arm can be used for Leads V1, V2, and V3, while
the right arm is used for Leads V4, V5, and V6, and ex-
cellent correlation to conventional measurements is
achieved.

[0050] Once average heartbeat representations are
calculated and stored for Leads |, II, lll, aVR, aVL, aVF,
V1, V2, V3, V4, V5, and V6, the set of instructions can
cause the portable computing device 11 to align each of
the heartbeat representations based on corresponding
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characteristics of the heartbeat representations. The av-
eraged and aligned signals can be stored and output in
a 12-lead electrocardiogram format.

[0051] While it is customary for the voltage measure-
ments to be made in one direction, the software can be
made to recognize when the first and second electrodes
14 and 18 are reversed and invert the average heartbeat
representation. For example, it is customary for Lead |
to measure the left arm (LA) minus the right arm (RA),
e.g. | = LA - RA. However, if the first and second elec-
trodes 14 and 18 were reversed such that RA-LA was
measured instead, the software would recognize that the
firstand second electrodes 14 and 18 were reversed and
would invert the average heartbeat representation for
Lead | to obtain the traditional Lead one output.

[0052] Methods for generating a traditional 12-lead
electrocardiogram using only two electrodes, e.g. the first
and second electrodes 14 and 18, are provided by oper-
ating the portable computing device 11 and the above-
described electrocardiograph device 10 or 10-1. A 12-
lead electrocardiogram can be generated by sequentially
measuring electrical signals between the firstand second
electrodes 14 and 18 at separate and distinct instants of
time after the first and second electrodes 14 and 18 are
positioned at predetermined locations on a patient’s
body. Average heartbeat representations for each of the
leads can be calculated as described above, and aligned
to produce an electrocardiogram having a 12-lead elec-
trocardiogram format.

[0053] There are severalcommonly used 12-lead elec-
trocardiogram formats. The most common format is a
4X3 format; four columns of three leads. The first column
includes Limb Leads I, Il and lll. The second column in-
cludes Leads aVR, aVL and aVF. The third column in-
cludes Leads V1, V2 and V3, while the fourth column
includes Leads V4, V5 and V6.

[0054] In some embodiments, the portable computing
device 11is acommercially available smart phone having
a standard operating system such as the operating sys-
tems identified in the art as "iOS" or "Android." In this
embodiment, the electrocardiograph 8 for generating a
12-lead electrocardiogram using only two electrodes can
be provided using the above-described electrocardio-
graph device 10 and software downloadable to the port-
able computing device 11, wherein the software provides
instructions to the portable computing device 11 as de-
scribed above. In these embodiments, the control circuit-
ry 22 and data transmission module 24 are configured
to function and interact with the portable computing de-
vice 11 when the portable computing device 11 is exe-
cuting an application downloadable to the portable com-
puting device 11.

[0055] In one embodiment, the systems and methods
described above include sending the 12-lead electrocar-
diogram to a remote server or to a medical professional.
In another embodiment, the systems and methods de-
scribed above include a display and displaying the 12-
lead electrocardiogram a on a display screen. Similarly,
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the systems and methods described above can include
a printer and printing the 12-lead electrocardiogram. In
yet another embodiment, the methods and systems de-
scribed above include saving the 12-lead electrocardio-
gram to a storage memory of the portable computing de-
vice 11.

[0056] In order to further illustrate the present inven-
tion, the following examples are given. However, it is to
be understood that the examples are for illustrative pur-
poses only and are not to be construed as limiting the
scope of the invention.

EXAMPLE 1

[0057] Theabove-described system was tested on 121
patients in a clinical trial. Each patient was monitored
using the conventional 10 electrodes, i.e., placing 6 elec-
trodes on the patient’s chest and one electrode on each
of the patient’s arms and legs. A conventional 12-lead
electrocardiogram report was then prepared for each pa-
tient using a traditional stationary electrocardiograph
sold under the trademark GE® MAC3500.

[0058] The electrocardiograph device 10-1 having the
first and second electrodes 14 and 18 in a pen-type con-
figuration was tested on each patient and a conventional
format 8-lead report was prepared from the sequential
measurements. The 2-electrode electrocardiograph cal-
culated the V1-V6 leads using the right hand (RA) for the
negative terminal and then the left hand (LA) for the neg-
ative terminal. A statistical analysis was made comparing
the 2-electrode electrocardiograph results with the tradi-
tional 10-electrode electrocardiograph results.

[0059] FIG. 8 compares V1 for Subject 35 having the
highest correlation between the 10-electrode and the 2-
electrode measurements. A correlation coefficient of
0.99 was achieved.

[0060] FIG. 9 shows each of the 8 leads for Subject
35, comparing the 10-electrode results with the 2-elec-
trode results. The correlation coefficient averaged over
all of the leads was 0.988.

[0061] From the above descriptions, it is clear that the
presently disclosed and claimed inventive concepts are
well-adapted to carry out the objects and to attain the
advantages mentioned herein, as well as those inherent
in the presently disclosed and claimed inventive concept.
While the presented embodiments have been described
for purposes of this disclosure, it will be understood that
numerous changes may be made which will readily sug-
gest themselves to those skilled in the art and which are
accomplished within the scope of the presently disclosed
and claimed inventive concepts.

Claims
1. An electrocardiograph (8) comprising:

an electrocardiograph device (10) having (a) a
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first electrode assembly (12) with a first elec-
trode (14) adapted to measure an electrical sig-
nal on a patient’s body; (b) a second electrode
assembly (16) with a second electrode (18)
adapted to measure an electrical signal on the
patient’s body; (c) control circuitry configured to
measure electrocardiogram signals between
the first (14) and second electrodes (18); and
(d) a data transmission module configured to
transmit the measured electrocardiogram sig-
nals to a computing device; and

a computing device having a non-transitory
computer-readable storage medium storing
software thatincludes instructions that when ex-
ecuted by a processor causes the processor to
(a) calculate an average PQRST beat from the
measured electrocardiogram signals as the first
(14) and second (18) electrodes are sequentially
placed in Limb Lead I, I, and lll positions on a
patient’s body for a time required to measure at
least one heartbeat in each Limb Lead position,
the Limb Lead positions known by the proces-
sor; (b) use the relationship Lead IIl = Lead Il -
Lead I to time-align and display Limb Leads I,
II,and lll; and (c) calculate and display augment-
ed Leads aVR, aVL, and aVF from the time-
aligned Limb Leads.

The electrocardiograph of claim 1, wherein software
further includes instructions that when executed by
the processor causes the processor to (d) calculate
and display average Leads V1, V2, and V3 from the
measured electrocardiogram signals obtained from
sequentially placing one of the first (14) and second
(18) electrodes in a V1, V2, and V3 position while
contacting the other of the first and second elec-
trodes with a left arm of the patient for a time required
to measure at least one heart beat; and (e) calculate
and display average Leads V4, V5, and V6 from the
measured electrocardiogram signals obtained from
sequentially placing one of the first (14) and second
(18) electrodes in a V4, V5, and V6 position while
contacting the other of the first and second elec-
trodes with a right arm of the patient for a time re-
quired to measure at least one heartbeat.

The electrocardiograph of claim 1 or 2, wherein the
data transmission module is configured to transmit
the measured electrocardiogram signals to the com-
puting device by wire.

The electrocardiograph of claim 1 or 2, wherein the
data transmission module is configured to transmit
the measured electrocardiogram signals to the com-
puting device wirelessly.

The electrocardiograph of claim 1 or 2, wherein at
least one of the first (14) and second (18) electrode
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1.

12.

assemblies comprises a spring-hinged cuff.

The electrocardiograph of claim 1 or 2, wherein at
least one of the first (14) and second (18) electrode
assemblies comprises a disposable electrode.

The electrocardiograph of claim 1 or 2, wherein the
portable computing device is a smartphone and the
electrocardiograph device further comprises a hous-
ing for the control circuitry and the data transmission
module, the housing adapted to fit onto or within a
protective case for the smartphone.

The electrocardiograph of claim 1 or 2, wherein the
data transmission module is further configured to
transmit the measured ECG signals as ultrasonic,
frequency modulated (FM) sound signals.

The electrocardiograph of claim 1 or 2, wherein the
data transmission module is further configured to en-
crypt and transmit encrypted signals.

A non-transitory computer-readable storage medi-
um storing software that includes instructions that
when executed by a processor causes the processor
to:

receive and record electrocardiogram signals
between afirstelectrode (14) and asecond elec-
trode (18), the first (14) and second electrodes
(18) sequentially placed in predetermined
paired positions on a patient’s body for a time
required to measure at least one heartbeat, the
paired positions known by the processor and
corresponding to Limb Leads I, Il and lll, and
V1, V2, V3, V4, V5, and V6;

for each Limb Lead paired position, determine
electrocardiogram signal sets representing a
heartbeat and calculate average time-aligned
heartbeat representations for Limb Leads |, Il

and lll, wherein the relationship Lead Ill = Lead
Il - Lead | is used to time-align said Limb Leads;
and

calculate augmented leads aVR, aVL, and aVF
from the average time-aligned heartbeat repre-
sentations for Limb Leads |, Il, and Il and output
the electrocardiogram signals in a 12-lead elec-
trocardiogram format.

The non-transitory computer-readable storage me-
dium of claim 10, wherein the electrocardiogram sig-
nals analyzed comprise at least one of wired electri-
cal signals, wireless electromagnetic signals, and
acoustic sound signals.

The non-transitory computer-readable storage me-
dium of claim 10, wherein the set of instructions,
when executed by the processor, further causes the
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processor to digitize and demodulate frequency
modulated electrocardiogram acoustic signals.

The non-transitory computer-readable storage me-
dium of claim 10, wherein the set of instructions,
when executed by the processor, further causes the
processor to interact with a user to identify first (14)
and second (18) electrode paired positions corre-
sponding to a lead.

The non-transitory computer-readable storage me-
dium of claim 10, wherein the set of instructions,
when executed by the processor, further causes the
processor to (a) provide instructions to a user or re-
quest placement confirmation from the user regard-
ing contacting the first electrode (14) to the patient’s
leftarm and the second electrode (18) to the patient’s
right arm, wherein the electrical signal measured be-
tween the left arm and right arm corresponds to Lead
lin a 12-lead electrocardiogram, and (b) analyze the
electrical signal corresponding to Lead | to calculate
an average heartbeat representation for Lead I.

The non-transitory computer-readable storage me-
dium of claim 14, wherein the set of instructions,
when executed by the processor, further causes the
processor to (c) provide instructions to a user or re-
quest placement confirmation from the user regard-
ing contacting the first electrode (14) to the patient’s
left leg and the second electrode (18) to the patient’'s
right arm, wherein the electrical signal measured be-
tween the left leg and right arm corresponds to Lead
Il 'in a 12-lead electrocardiogram, and (d) analyze
the electrical signal corresponding to Lead Il to cal-
culate an average heartbeat representation for Lead
Il.

The non-transitory computer-readable storage me-
dium of claim 15, wherein the set of instructions,
when executed by the processor, further causes the
processor to (e) provide instructions to a user or re-
quest placement confirmation from the user regard-
ing contacting the first electrode to the patient’s left
leg and the second electrode to the patient’s leftarm,
wherein the electrical signal measured between the
left leg and left arm corresponds to Lead Ill in a 12-
lead electrocardiogram, and (f) analyze the electrical
signal corresponding to Lead Il to calculate an av-
erage heartbeat representation for Lead IlI.

The non-transitory computer-readable storage me-
dium of claim 16, wherein the set of instructions,
when executed by the processor, further causes the
processor to time-align the average heartbeat rep-
resentations for Lead | and Lead Il and calculate
aVR, aVL, and aVF average heartbeat representa-
tions from the time-aligned average heartbeat rep-
resentations for Lead | and Lead I
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The non-transitory computer-readable storage me-
dium of claim 17, wherein the set of instructions,
when executed by the processor, further causes the
processor to (g) provide instructions to a user or re-
quest placement confirmation from the user regard-
ing contacting the first electrode with each of the V1,
V2, V3, V4, V5, and V6 chest locations while con-
tacting the second electrode to one of the patient’s
left arm and the patients right arm, wherein the elec-
trical signals measured between each of the V1, V2,
V3, V4, V5, and V6 chest locations and the left arm
or the right arm correspond to Leads V1, V2, V3, V4,
V5, and V6 in a 12-lead electrocardiogram, and (h)
analyze the electrical signals corresponding to
Leads V1, V2, V3, V4, V5, and V6 to calculate aver-
age heartbeat representations for Leads V1, V2, V3,
V4, V5, and V6.

The non-transitory computer-readable storage me-
dium of claim 18, wherein the left arm is used for
Leads V1, V2, and V3 and the right arm is used for
Leads V4, V5, and V6.

The non-transitory computer-readable storage me-
dium of claim 18, wherein the right arm is used for
each of Leads V1, V2, V3, V4, V5, and V6.

The non-transitory computer-readable storage me-
dium of claim 18, wherein the set of instructions,
when executed by the processor, further causes the
processor to (i) output the average heartbeat repre-
sentations for Leads |, Il, Ill, aVR, aVL, aVF, V1, V2,
V3, V4, V5, and V6.

Patentanspriiche

1.

Elektrokardiograph (8) umfassend:

eine elektrographische Vorrichtung (10) mit (a)
einer ersten Elektrodenbaugruppe (12) miteiner
ersten Elektrode (14), geeignet ein elektrisches
Signal auf dem Korper eines Patienten zu mes-
sen, (b) eine zweite Elektrodenbaugruppe (16)
mit einer zweiten Elektrode (18), geeignet ein
elektrisches Signal auf dem Kérper eines Pati-
enten zu messen, (c) Steuerschaltung, ausge-
legt die Elektrokardiogrammsignale zwischen
der ersten Elektrode (14) und der zweiten Elek-
trode (18) zu messen, und (d) ein Datenulbertra-
gungsmodul, ausgelegt, die gemessenen Elek-
trokardiogrammsignale an eine Rechenvorrich-
tung zu Gbertragen; und

eine Rechenvorrichtung mit einem nichtflichti-
gen computerlesbaren Speichermedium, auf
dem Software gespeichert ist, welche die An-
weisungen umfasst, die, wenn sie durch einen
Prozessor ausgefiihrt werden, bewirken, dass
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der Prozessor (a) einen mittleren PQRST-
Schlag aus den gemessenen Elektrokardio-
grammsignalen berechnet, wenn die erste (14)
und die zweite Elektrode (18) nacheinander in
den Positionen Extremitatenableitung |, Il, lll auf
dem Korper des Patienten fiir einen Zeitraum
platziert werden, der erforderlich ist wenigstens
einen Herzschlag in jeder Extremitatenablei-
tung zu messen, wobei die Extremitatenablei-
tungspositionen durch den Prozessor erkannt
werden, (b) die Beziehung Ableitung Il = Ablei-
tung Il - Ableitung | zur Zeitausrichtung und An-
zeige der Extremitatenableitungen |, Il und Il
und (c) verwendet und (c) die erweiterten Ablei-
tungen aVR, aVL und aVF aus den zeitlich aus-
gerichteten Extremitatenableitungen berechnet
und anzeigt.

Elektrokardiograph nach Anspruch 1, wobei die Soft-
ware des Weiteren Anweisungen umfasst, die bei
Ausfihrung durch den Prozessor bewirken, dass der
Prozessor (d) die durchschnittlichen Leitungen V1,
V2 und V3 von den gemessenen Elekirokardio-
grammsignalen berechnet und anzeigt, die erhalten
werden, indem eine der ersten (14) und der zweiten
(18) Elektroden in der V1, V2 und V3 Position plat-
ziert wird, wahrend die anderen der ersten und zwei-
ten Elektroden mit einem linken Arm des Patienten
fur einen Zeitraum in Kontakt gebracht werden, der
erforderlich ist, um wenigstens einen Herzschlag zu
messen, und (e) die durchschnittlichen Ableitungen
V4, V5 und V6 von den gemessenen Elektrokardio-
grammsignalen berechnet und anzeigt, die erhalten
werden, indem eine der ersten (14) und der zweiten
(18) Elektroden in der V4, V5 und V6 Position plat-
ziert wird, wahrend die anderen der ersten und zwei-
ten Elektroden mit einem rechten Arm des Patienten
fur einen Zeitraum in Kontakt gebracht werden, der
erforderlich ist, um wenigstens einen Herzschlag zu
messen.

Elektrokardiograph nach Anspruch 1 oder 2, wobei
das Datenlibertragungsmodul ausgelegt ist die ge-
messenen Elektrokardiogrammsignale mittels Draht
an die Rechenvorrichtung zu bertragen.

Elektrokardiograph nach Anspruch 1 oder 2, wobei
das Datenlibertragungsmodul ausgelegt ist die ge-
messenen Elektrokardiogrammsignale drahtlos an
die Rechenvorrichtung zu tbertragen.

Elektrokardiograph nach Anspruch 1 oder 2, wobei
wenigstens eine der ersten (14) und der zweiten (18)
Elektrodenbaugruppe eine Manschette mit Feder-
scharnier umfasst.

Elektrokardiograph nach Anspruch 1 oder 2, wobei
wenigstens eine der ersten (14) und der zweiten (18)
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1.

Elektrodenbaugruppe eine Einwegelekirode um-
fasst.

Elektrokardiograph nach Anspruch 1 oder 2, wobei
die tragbare Rechenvorrichtung ein Smartphone ist
und die elektrographische Vorrichtung des Weiteren
ein Gehause fir die Steuerschaltung und das Da-
tenlibertragungsmodul umfasst, wobei das Geh&u-
se geeignet ist auf oder in eine Schutzhiille fiir das
Smartphone zu passen.

Elektrokardiograph nach Anspruch 1 oder 2, wobei
das Dateniibertragungsmodul des Weiteren ausge-
legt ist, die gemessenen ECG-Signale als frequenz-
modulierte (FM) Ultraschall-Tonsignale zu lbertra-
gen.

Elektrokardiograph nach Anspruch 1 oder 2, wobei
das Dateniibertragungsmodul des Weiteren ausge-
legt ist Signale zu verschliisseln und verschlisselte
Signale zu Ubertragen.

Nichtflichtiges computerlesbares Speichermedium
zum Speichern von Software, die Anweisungen um-
fasst, die bei Ausfiihrung durch einen Prozessor, be-
wirken, dass der Prozessor:

Elektrokardiogrammsignale zwischen einer ers-
ten Elektrode (14) und einer zweiten Elektrode
(18) empfangt und aufzeichnet, die erste (14)
und die zweite (18) Elektrode nacheinander an
paarweise vorbestimmten Stellen auf dem Kor-
per des Patienten flir einen Zeitraum platziert
werden, der erforderlich ist, um wenigstens ei-
nen Herzschlag zu messen, wobei die paarwei-
sen Positionen dem Prozessor bekannt sind und
den Extremitatenableitungen |, II, und Il ent-
sprechen und V1, V2, V3, V4, V5 und V6,

fur jede paarweise Extremitatenableitungsposi-
tion Elektrokardiogrammsignalsatze festlegt,
die einen Herzschlag darstellen und die durch-
schnittlichen zeitausgerichteten Herzschlag-
darstellungen fir die Extremitatenableitungen I,
I, und 1l berechnet, wobei die Beziehung Ab-
leitung Il = Ableitung Il - Ableitung | zur Zeitaus-
richtung der Extremitatenableitungen verwen-
det wird, und

die erweiterten Ableitungen aVR, aVL und aVF
auf den durchschnittlichen zeitausgerichteten
Herzschlagdarstellungen fir Extremitatenablei-
tung I, II, und Ill berechnet, und die Elektrokar-
diogrammsignale in einem 12-Ableitungen
Elektrokardiogrammformat ausgibt.

Nichtflichtiges computerlesbares Speichermedium
nach Anspruch 10, wobei die analysierten Elektro-
kardiogrammsignale verdrahtete elektrische Signa-
le, drahtlose elektromagnetische Signale und/oder
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akustische Tonsignale umfassen.

Nichtflichtiges computerlesbares Speichermedium
nach Anspruch 10, wobei die Anweisungen, wenn
sie durch den Prozessor ausgefiihrt werden, des
Weiteren bewirken, dass der Prozessor die fre-
quenzmodulierten akustischen Signale des Elektro-
kardiogramms digitalisiert und demoduliert.

Nichtflichtiges computerlesbares Speichermedium
nach Anspruch 10, wobei die Anweisungen, wenn
sie durch den Prozessor ausgefiihrt werden, des
Weiteren bewirken, dass der Prozessor mit einem
Benutzer wechselwirkt, um die paarweisen Positio-
nen der ersten (14) und der zweiten (18) Elektrode
zu identifizieren, die einer Ableitung entsprechen.

Nichtflichtiges computerlesbares Speichermedium
nach Anspruch 10, wobei die Anweisungen, wenn
sie durch den Prozessor ausgefiihrt werden, des
Weiteren bewirken, dass der Prozessor (a) Anwei-
sungen flr einen Benutzer zur Verfligung stellt oder
vom Benutzer eine Platzierungsbestatigung hin-
sichtlich des Inkontaktbringens der ersten Elektrode
(14) am linken Arm des Patienten und der zweiten
Elektrode (18) am rechten Arm des Patienten anfor-
dert, wobei das zwischen dem linken Arm und dem
rechten Arm gemessene elektrische Signal der Ab-
leitung | in einem 12-Ableitungs-Elektrokardio-
gramm entsprichtund (b) das elektrische Signal, das
der Ableitung | entspricht, analysiert, um eine durch-
schnittliche Herzschlagdarstellung fiir Ableitung | zu
berechnen.

Nichtflichtiges computerlesbares Speichermedium
nach Anspruch 14, wobei die Anweisungen, wenn
sie durch den Prozessor ausgefiihrt werden, des
Weiteren bewirken, dass der Prozessor (c) Anwei-
sungen flr einen Benutzer zur Verfligung stellt oder
vom Benutzer eine Platzierungsbestatigung hin-
sichtlich des Inkontaktbringens der ersten Elektrode
(14) am linken Bein des Patienten und der zweiten
Elektrode (18) am rechten Arm des Patienten anfor-
dert, wobei das zwischen dem linken Bein und dem
rechten Arm gemessene elektrische Signal der Ab-
leitung Il in einem 12-Ableitungs-Elektrokardio-
gramm entsprichtund (d) das elektrische Signal, das
der Ableitung Il entspricht, analysiert, um eine durch-
schnittliche Herzschlagdarstellung fiir Ableitung [l zu
berechnen.

Nichtflichtiges computerlesbares Speichermedium
nach Anspruch 15, wobei die Anweisungen, wenn
sie durch den Prozessor ausgefiihrt werden, des
Weiteren bewirken, dass der Prozessor (e) Anwei-
sungen flr einen Benutzer zur Verfligung stellt oder
vom Benutzer eine Platzierungsbestatigung hin-
sichtlich des Inkontaktbringens der ersten Elektrode
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am linken Bein des Patienten und der zweiten Elek-
trode am linken Arm des Patienten anfordert, wobei
das zwischen dem linken Bein und dem linken Arm
gemessene elektrische Signal der Ableitung Ill in ei-
nem 12-Ableitungs-Elektrokardiogramm entspricht
und (f) das elektrische Signal, das der Ableitung Il
entspricht, analysiert, um eine durchschnittliche
Herzschlagdarstellung fiir Ableitung Ill zu berech-
nen.

Nichtflichtiges computerlesbares Speichermedium
nach Anspruch 16, wobei die Anweisungen, wenn
sie durch den Prozessor ausgefiihrt werden, des
Weiteren bewirken, dass der Prozessor die durch-
schnittlichen Herzschlagdarstellungen fiir Ableitung
| und Ableitung Il zeitlich ausrichtet und aVR, aVL
und aVF durchschnittliche Herzschlagdarstellung
aus den zeitausgerichteten durchschnittlichen Herz-
schlagdarstellungen flr Ableitung | und Ableitung Il
berechnet.

Nichtflichtiges computerlesbares Speichermedium
nach Anspruch 17, wobei die Anweisungen, wenn
sie durch den Prozessor ausgefiihrt werden, des
Weiteren bewirken, dass der Prozessor (g) Anwei-
sungen fiir einen Benutzer zur Verfligung stellt oder
vom Benutzer eine Platzierungsbestatigung hin-
sichtlich des Inkontaktbringens der ersten Elektrode
mit jeder der Brustpositionen V1, V2, V3, V4, V5 und
V6 anfordert, wahrend die zweite Elektrode mit einer
Stelle auf dem linken Arm und dem rechten Arm des
Patienten in Kontakt gebracht wird, wobei die elek-
trischen Signale, die zwischen jeder der Brustposi-
tionen V1, V2, V3, V4, V5 und V6 und dem linken
Arm oder dem rechten Arm gemessen werden, den
Ableitungen V1,V2,V3, V4, V5 und V6 in einem 12-
Ableitungs- Elektrokardiogramm entsprechen, und
(h) die elektrischen Signale, die den Ableitungen V1,
V2, V3, V4, V5 und V6 entsprechen, analysiert wer-
den, um die durchschnittlichen Herzschlagdarstel-
lungen fiir die Ableitungen V1, V2, V3, V4, V5 und
V6 zu berechnen.

Nichtflichtiges computerlesbares Speichermedium
nach Anspruch 18, wobei der linke Arm fiir die Ab-
leitungen V1, V2 und V3 verwendet wird und der
rechte Arm fiir die Ableitungen V4, V5 und V6 ver-
wendet wird.

Nichtflichtiges computerlesbares Speichermedium
nach Anspruch 18, wobei der rechte Arm fiir jede
der Ableitungen V1, V2, V3, V4, V5 und V6 verwen-
det wird.

Nichtflichtiges computerlesbares Speichermedium
nach Anspruch 18, wobei die Anweisungen, wenn
sie durch den Prozessor ausgefiihrt werden, des
Weiteren bewirken, dass der Prozessor (i) die durch-
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schnittlichen Herzschlagdarstellungen fir die Ablei-
tungen |, II, lll, aVR, aVL, aVF, V1, V2, V3, V4, V5
und V6 ausgibt.

Revendications

Electrocardiographe (8) comprenant :

un dispositif d’électrocardiographie (10) com-
portant (a) un premier ensemble électrode (12)
doté d’'une premiere électrode (14) congue pour
mesurer un signal électrique sur le corps d'un
patient ; (b) un second ensemble électrode (16)
doté d’une seconde électrode (18) congue pour
mesurer un signal électrique sur le corps du
patient ; (c) un circuit de commande congu pour
mesurer des signaux d’électrocardiogramme
entre les premiére (14) et seconde (18)
électrodes ; et (d) un module de transmission
de données congu pour transmettre les signaux
mesurés d’électrocardiogramme a un dispositif
informatique ; et

undispositifinformatique comportant un support
d’enregistrement non transitoire lisible par ordi-
nateur enregistrant un logiciel comprenant des
instructions qui, quand elles sont exécutées par
un processeur permettent a ce dernier de (a)
calculer une pulsation moyenne PQRST a partir
des signaux mesurés d'électrocardiogramme
alors que les premiére (14) et seconde (18) élec-
trodes sont successivement placées en posi-
tions de dérivation de membre |, Il et |l sur le
corps d’'un patient pendant une durée nécessai-
re pour mesurer au moins une pulsation cardia-
que dans chaque position de dérivation de mem-
bre, les positions de dérivation de membre étant
connues du processeur ;

(b) utiliser la relation Dérivation Il = Dériva-
tion Il - Dérivation | pour synchroniser et
pour faire apparaitre les dérivations de
membre |, Il et lll ; et (c) calculer et afficher
les dérivations augmentées aVR, aVL et
aVF apartirdes dérivations de membre syn-
chronisées.

Electrocardiographe selon la revendication 1, dans
lequel le logiciel comprend en outre des instructions
qui, quand elles sont exécutées par le processeur
ameénent le processeur a (d) calculer et afficher des
dérivations moyennes V1, V2 et V3 a partir des si-
gnaux mesurés d’électrocardiogramme obtenus par
placement successif d’une électrode parmi les pre-
miére (14) et seconde (18) électrodes dans une po-
sition V1, V2 et V3 pendant la mise en contact de
I'autre électrode des premiére et seconde électrodes
avec un bras gauche du patient pendant une durée
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nécessaire pour mesurer au moins une pulsation
cardiaque ; et (e) calculer et afficher les dérivations
moyennes V4, V5 et V6 a partir des signaux mesurés
d’électrocardiogramme obtenus par placement suc-
cessif d’'une électrode parmiles premiere (14) et se-
conde (18) électrodes dans une position V4, V5 et
V6 pendant qu’elle est en contact avec l'autre élec-
trode parmiles premiére et seconde électrodes avec
un bras droit du patient pendant une durée néces-
saire pour mesurer au moins une pulsation cardia-
que.

Electrocardiographe selon la revendication 1 ou 2,
dans lequel le module de transmission de données
est congu pour transmettre les signaux mesurés
d’électrocardiogramme au dispositif informatique
par des fils.

Electrocardiographe selon la revendication 1 ou 2,
dans lequel le module de transmission de données
est congu pour transmettre sans fil les signaux me-
surés d’électrocardiogramme au dispositif informa-
tique.

Electrocardiographe selon la revendication 1 ou 2,
dans lequel au moins un des premier (14) et second
(18) ensembles électrodes comprend une embrasse
articulée a ressort.

Electrocardiographe selon la revendication 1 ou 2,
dans lequel au moins un des premier (14) et second
(18) ensembles électrodes comprend une électrode
jetable.

Electrocardiographe selon la revendication 1 ou 2,
dans lequel le dispositif informatique portatif est un
smartphone et ou le dispositif d’électrocardiographie
comprend en outre un boftier pour le circuit de com-
mande et pour le module de transmission de don-
nées, le boitier étant congu pour loger sur ou dans
un fourreau protecteur du smartphone.

Electrocardiographe selon la revendication 1 ou 2,
dans lequel le module de transmission de données
est en outre congu pour transmettre les signaux me-
surés d’ECG sous forme de signaux sonores ultra-
sonores, a modulation de fréquence (FM).

Electrocardiographe selon la revendication 1 ou 2,
dans lequel le module de transmission de données
est en outre congu pour crypter et pour transmettre
les signaux cryptés.

Support d’enregistrement non transitoire lisible par
ordinateur enregistrant un logiciel qui comprend des
instructions qui, quand elles sont exécutées par un
processeur, permettent a ce dernier de :
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recevoir et enregistrer des signaux d’électrocar-
diogramme entre une premiére électrode (14)
etune seconde électrode (18), les premiere (14)
et seconde (18) électrodes étant placées suc-
cessivement en positions appariées prédéfinies
sur le corps d’un patient pendant une durée re-
quise pour mesurer au moins une pulsation, les
positions appariées étant connues du proces-
seur et correspondant aux dérivations de mem-
bre I, Il et lll, et V1, V2, V3, V4, V5 et V6 ;
pour chaque position appariée de dérivation de
membre, déterminer des ensembles de signaux
d’électrocardioagramme représentant une pul-
sation cardiaque et calculer les représentations
synchronisées de pulsation cardiaque moyenne
pour les dérivations de membre |, Il et Il la re-
lation Dérivation Il = Dérivation Il - Dérivation |
servant a synchroniser lesdites dérivations de
membres ; et

calculer les dérivations augmentées aVR, aVL
et aVF a partir des représentations synchroni-
sées de pulsation cardiaque moyenne pour les
dérivations de membre |, Il et Il et émettre les
signaux d’électrocardiogramme selon un format
d’électrocardioagramme a 12 dérivations.

Support d’enregistrement non transitoire lisible par
ordinateur selon la revendication 10, dans lequel les
signaux d’électrocardiogramme analysés compren-
nent au moins soit des signaux électriques regus par
fils, soit des signaux électromagnétiques regus sans
fil, soit des signaux sonores acoustiques.

Support d’enregistrement non transitoire lisible par
ordinateur selon la revendication 10, dans lequel
'ensemble d’instructions, quand il est exécuté par
le processeur, permet, en outre, a ce dernier de nu-
mériser et de démoduler les signaux acoustiques a
modulation de fréquence d’électrocardiogramme.

Support d’enregistrement non transitoire lisible par
ordinateur selon la revendication 10, dans lequel
'ensemble d’instructions, quand il est exécuté par
le processeur, permet, en outre, a ce dernier d’inte-
ragir avec un utilisateur pour identifier des positions
appariées de premiere (14) et de seconde (18) élec-
trodes correspondant a une dérivation.

Support d’enregistrement non transitoire lisible par
ordinateur selon la revendication 10, dans lequel
'ensemble d’instructions, quand il est exécuté par
le processeur, permet en outre a ce dernier de (a)
fournir des instructions a un utilisateur ou de deman-
der une confirmation de placement auprés de I'utili-
sateur concernant la mise en contact de la premiére
électrode (14) avec le bras gauche du patient et de
la seconde électrode (18) avec le bras droit du pa-
tient, le signal électrique mesuré entre le bras gau-
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che et le bras droit correspondant a la dérivation |
dans un électrocardiogramme a 12 dérivations, et
(b) analyser le signal électrique correspondant a la
dérivation | pour calculer une représentation de pul-
sation cardiaque moyenne pour la dérivation |.

Support d’enregistrement non transitoire lisible par
ordinateur selon la revendication 14, dans lequel
I'’ensemble d’instructions, quand il est exécuté par
le processeur, permet en outre a ce dernier de (c)
fournir des instructions a un utilisateur ou de deman-
der une confirmation de placement auprés de I'utili-
sateur concernant la mise en contact de la premiéere
électrode (14) avec la jambe gauche du patient et
de la seconde électrode (18) avec le bras droit du
patient, le signal électrique mesuré entre la jambe
gauche et le bras droit correspondant a la dérivation
Il dans un électrocardiogramme a 12 dérivations, et
(d) analyser le signal électrique correspondant a la
dérivation Il pour calculer une représentation de pul-
sation cardiaque moyenne pour la dérivation II.

Support d’enregistrement non transitoire lisible par
ordinateur selon la revendication 15, dans lequel
I'’ensemble d’instructions, quand il est exécuté par
le processeur, permet en outre a ce dernier de (e)
fournir des instructions a un utilisateur ou de deman-
der une confirmation de placement auprés de I'utili-
sateur concernant la mise en contact de la premiére
électrode avec la jambe gauche du patient et de la
seconde électrode avec le bras gauche du patient,
le signal électrique mesuré entre la jambe gauche
et le bras gauche correspondant a la dérivation IlI
dans un électrocardiogramme a 12 dérivations, et
(f) analyser le signal électrique correspondant a la
dérivation Il pour calculer une représentation de pul-
sation cardiaque moyenne pour la dérivation IIl.

Support d’enregistrement non transitoire lisible par
ordinateur selon la revendication 16, dans lequel
I'’ensemble d’instructions, quand il est exécuté par
le processeur, permet en outre a ce dernier de syn-
chroniser les représentations de pulsation cardiaque
moyenne pour la dérivation | et pour la dérivation I,
et a calculer les représentations de pulsation cardia-
que moyenne aVR, aVL et aVF a partir des repré-
sentations synchronisées de pulsation cardiaque
moyenne pour la dérivation | et pour la dérivation II.

Support d’enregistrement non transitoire lisible par
ordinateur selon la revendication 17, dans lequel
I'’ensemble d’instructions, quand il est exécuté par
le processeur, permet en outre a ce dernier de (g)
fournir des instructions a un utilisateur ou de deman-
der une confirmation de placement auprés de I'utili-
sateur concernant la mise en contact de la premiére
électrode avec chacun des emplacements V1, V2,
V3, V4, V5 et V6 de poitrine pendant la mise en con-
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tactde la seconde électrode soit avec le bras gauche
du patient soit avec le bras droit du patient, les si-
gnaux électriques mesurés entre chacun des em-
placements V1, V2, V3, V4, V5 et V6 de poitrine et
le bras gauche ou le bras droit correspondant aux
dérivations V1, V2, V3, V4, V5 et V6 dans un élec-
trocardiogramme a 12 dérivations, et (h) analyser
les signaux électriques correspondant aux dériva-
tions V1, V2, V3, V4, V5 et V6 pour calculer des
représentations de pulsation cardiaque moyenne
pour les dérivations V1, V2, V3, V4, V5 et V6.

Support d’enregistrement non transitoire lisible par
ordinateur selon la revendication 18, dans lequel le
bras gauche est utilisé pour les dérivations V1, V2
et V3 etoule bras droit est utilisé pour les dérivations
V4, V5 et V6.

Support d’enregistrement non transitoire lisible par
ordinateur selon la revendication 18, dans lequel le
bras droit est utilisé pour chacune des dérivations
V1, V2 et V3, V4, V5 et V6.

Support d’enregistrement non transitoire lisible par
ordinateur selon la revendication 18, dans lequel
'ensemble d’instructions, quand il est exécuté par
le processeur, permet en outre a ce dernier de (i)
produire les représentations de pulsation cardiaque
moyenne pour les dérivations |, I1, 1ll,aVR, aVL, aVF,
V1,V2,V3, V4, V5 et V6.
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