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MINIATURE ECG DATA ACQUISITION
DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This is a Continuation-in-Part of co-pending U.S.
patent application Ser. No. 13/293,888 filed Nov. 10, 2011,
which is a Divisional of U.S. patent application Ser. No.
12/191,923 filed on Aug. 14, 2008, now issued as U.S. Pat.
No. 8,082,025B2 issued on Dec. 20, 2011. Both of these prior
applications are hereby incorporated by reference in their
entirety.

BACKGROUND OF THE INVENTION

[0002] ECG measurements are a standard form of cardiac
measurement for assessing the condition of a patient’s heart.
Physicians are trained to interpret a standard set of ECG
recordings that are normally obtained by connecting ten elec-
trodes to the patient’s body and measuring the voltages
between various electrodes and combinations of electrodes as
a function of time.

[0003] While the standard measurements are easily
obtained in a medical setting, such measurements pose chal-
lenges when a patient is not in such a setting, which is most of
the time. A patient with heart problems would benefit both
from a clinical and psychological point of view if the patient
could measure the standard set of recordings when symptom-
atic to determine if the recordings had changed since they
were last measured. If the recordings were within the
expected range, the patient would be reassured and could go
about his or her normal activity. If the measurements were
outside the expected range, the patient could transmit them to
the patient’s physician, the physician could interpret the mea-
surements and advise the patient accordingly or, the measure-
ments can be transmitted automatically to a pre-defined medi-
cal entity.

[0004] A number of systems for making measurements
outside of the clinical setting have been proposed. These
systems include some form of ECG electrodes that are
attached to the patient’s body and connected to a local pro-
cessor carried by the patient. The local processor typically
includes a transmitter that relays the measurements from the
unit worn by the patient to a physician at a remote location.
The relay mechanism can utilize a telephone line, either land
or cellular, or some form of dedicated transmitter.

[0005] The systems that duplicate the standard measure-
ments require that electrodes be attached to the patient’s
body. To provide a full 12 lead ECG recording set, electrodes
are typically attached to the patient’s upper and lower limbs,
as well as to a number of locations on the torso. If the patient
is in a setting in which the patient has only limited mobility,
such a set of attached electrodes may be acceptable; however,
if the patient is fully mobile and attending to his or her normal
routine outside of a medical environment, temporary or per-
manent attachment of the electrodes is not usually acceptable
and involves a fair amount of discomfort. Furthermore, the
electrodes must be removed when the patient bathes. Hence,
some arrangement is needed in which the patient or a car-
egiver places the electrodes on the patient’s body at the time
an ECG is to be recorded. A system based on the use of
adhesively coated electrodes such as those utilized in normal
ECG measurements presents problems from a logistical and
cost point of view. The individual electrodes are only usable
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for a small number of measurements before the adhesive fails.
Furthermore, the repeated placement and removal of the elec-
trodes can cause patient discomfort, particularly in patients
having body hair in the areas to which the electrodes must be
attached. In addition, the patient is often incapable of con-
necting the electrodes to his or her body at all of the required
locations.

[0006] Hence, a system that can be utilized by the patient
without the help of trained personnel would be advantageous.
One such system is discussed in the above-identified co-
pending patent application. In that system, a handheld device
with four electrodes on the surface thereof'is used to generate
the 12 standard measurements. The four electrodes are used
in various combinations to contact the body at locations that
the user can easily reach. By making measurements between
various electrodes and various contact points, a good approxi-
mation to the conventional 12 standard measurements can be
obtained. The device is connected to acommunication device
that can be used to transmit the data to medical personnel.
[0007] The size of this and other portable devices still pre-
sents challenges. The above-described device is integrated
into a cellular telephone or other form of personal data device.
However, it would still benefit from a significant reduction in
size so that the device would be no more cumbersome to carry
than a USB memory module.

SUMMARY

[0008] The present invention includes an ECG data acqui-
sition device and method for using the same. The ECG data
acquisition device includes a handheld device having first,
second, third, and fourth electrodes on an outer surface of the
handheld device, the handheld device having an extended
configuration and a storage configuration. The ECG data
acquisition device also includes a controller that measures
signals between the electrodes and provides those signals to
another device to generate an ECG recording selected from
the group consisting of standard lead traces and precordial
traces. When the handheld device is in the extended configu-
ration and the first and second electrodes contact a first hand
of a patient such that the first and second electrodes contact
different locations on the first hand, the third electrode is in
contact with a location on the patient’s other hand and the
fourth electrode contacts a point on the patient’s body chosen
from the group consisting of the patient’s lower abdomen,
one of the patient’s legs, and a precordial measurement point
onthepatient, the point depending on the ECG recording. The
ECG data acquisition device also includes a circuit that gen-
erates a common mode cancellation signal from signals on
the second, third, and fourth electrodes and couples the com-
mon mode cancellation signal to the first electrode while the
controller is measuring said signals.

[0009] In one aspect of the invention, the ECG data acqui-
sition device includes a wireless communication link that
transmits the measured signals to a device that is external to
the handheld device.

[0010] In another aspect of the invention, the handheld
device in the storage configuration is too small to allow the
patient to contact the first, second, third, and fourth electrodes
in a manner that allows the ECG recordings to be made.
[0011] In another aspect of the invention, the handheld
device includes a compartment for storing medication, the
compartment opening in response to signals from the control-
ler.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1illustrates the placement of electrodes and the
signals that are measured in the “standard lead measure-
ments” that are six of the 12 recordings provided in a conven-
tional 12 lead ECG.

[0013] FIG. 2 illustrates the measurement of the precordial
traces.
[0014] FIGS.3A-3D illustrate one embodiment of an ECG

data acquisition device according to the present invention.
[0015] FIG. 4isanend view of one embodiment of an ECG
data acquisition device according to the present invention
when the device is gripped by the user.

[0016] FIG. 5 is a side view of an ECG data acquisition
device in a storage configuration after the two sections have
been moved relative to one another for storage.

[0017] FIG. 6 illustrates the relationship between an ECG
data acquisition device according to one embodiment of the
present invention and a receiving processor.

[0018] FIG. 7 illustrates another embodiment of an ECG
data acquisition device according to the present invention.
[0019] FIGS. 8A and 8B illustrates one embodiment of a
finger electrode that can be utilized with the present inven-
tion.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS OF THE INVENTION

[0020] Themanner in which the present invention provides
its advantages can be more easily understood with reference
to FIG. 1, which illustrates the placement of electrodes and
the signals that are measured in the “standard lead measure-
ments” that are six of the 12 recordings provided in a conven-
tional 12 lead ECG. The standard lead measurements provide
recordings as a function of time of the potentials between
pairs of electrodes that are connected to the patient’s body.
For example, the first standard lead measurement, which is
often referred to as the lead I measurement, or just Lead I,
consists of the difference in potential measured between the
left and right wrists of the patient, as a function of time.
Similarly, the lead Il measurement, or Lead 11, consists of the
difference in potential, as a function of time, measured
between the left leg and the right wrist of the patient. Lead I11
consists of the difference in potential, as a function of time
between the left leg and the left wrist of the patient. The
remaining three leads, aVR, aVL, and aVF are differences
between the potential of one limb and the average potential of
another two limbs

[0021] Denote the potential at the right wrist or hand by @,
the potential at the left wrist or hand by ®,, and the potential
the left leg by @ . The first three standard leads or traces are
given by

=09,
=0/, and

HI=®-&=11-1 a)

As noted above, these signals are each functions of time. In
the following discussion, the Lead I signal as a function of
time will be referred to as the hand signal. The Lead II signal
as a function of time will be referred to as the leg signal.
[0022] Three additional traces are generated by utilizing
weighted sums and differences of the Lead I and II signals,
namely
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aVR=®, ~(P+® )/2=—(I+I)/2,
aVL=0 (O, +®)2=I-11/2, and
aVF=®q(D+D)2=II-1/2. 3]

The remaining six traces of the conventional 12 lead ECG are
the precordial traces (V,-V). Refer now to FIG. 2, which
illustrates the measurement of the precordial traces. In the
conventional precordial measurements, each trace is gener-
ated by forming the average of the potentials at the right and
left wrists and the left leg (this averaged potential is known as
Wilson’s Central-Terminal ® ;) and then measuring the dif-
ference between a potential, @,, detected by an electrode at a
corresponding point on the patient’s chest and @ . A differ-
ent predetermined point on the chest is used for each of the six
traces:

V0~ (@ 4D pD,)/3=0~D -, 3

where V, (i=1 . .. 6) are the precordial leads. The average
signal from the hands and leg is often referred to as the
“C-terminal”. It should be noted that a C-terminal signal can
be generated from other locations on the three extremities in
question. For example, the potentials corresponding to the leg
can be measured at the foot, ankle, or upper thigh or lower
abdomen. Similarly, the potentials corresponding to the
“hands” can be measured any place between one of the fingers
and the shoulder.

[0023] It should be noted that the traces are always mea-
sured as a difference in potential between two electrodes
placed on the corresponding locations on the patient’s body
by utilizing differential amplifiers to form the differences of
the signals in question. Ideally, this procedure eliminates the
effects of common mode signals that are picked up by the
patient’s body such as the 50 or 60 cycle AC signals that are
present in most indoor environments. Unfortunately, the mag-
nitudes of the common mode signals are much greater than
that of the heart signals that are the subject of the measure-
ments in question, and the available differential amplifiers
have a common mode rejection figure that is insufficient to
eliminate all of the common mode noise in question.

[0024] To reduce the common noise, a signal that is a good
approximation to a signal that would cancel the common
mode signal in the patient’s body is generated and then
injected into the right ankle in conventional ECG measure-
ment devices. This signal will be referred to as the common
mode cancellation signal in the following discussion. The
common mode cancellation signal must be injected at a loca-
tion that will not interfere with the measurement of the signals
from the ECG electrodes. The common mode cancellation
signal reduces the common mode signal in the patient’s body
by canceling the common mode signal that is picked up from
the patient’s body, and hence, reduces the problems associ-
ated with the large difference between the common mode
noise and the signals of interest, since the signals of interest
no longer have a large common mode signal as part of each
signal.

[0025] In the prior art, an electrode attached to the right
ankle is used as the injection point for the common mode
cancellation signal. This does not present a significant prob-
lem with respect to the signals detected by the other elec-
trodes, since the right ankle is far from the location of the
other electrodes, and hence, any localized signal variations
are dissipated by the time the cancellation signal reaches the
portions of the body near the electrodes of interest. Since the
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C-terminal signal is an average of the potentials at widely
separated points on the patient’s body, the inverse of the
C-terminal signal is often utilized as the common mode can-
cellation signal. That is, the inverse of the C-terminal signal is
injected into the right ankle to reduce the common mode
noise.

[0026] The present invention is based on the observation
that a good approximation to the conventional 12 lead ECG
measurements can be obtained by using a handheld probe that
has four electrodes on the outer surface of the probe. Refer
now to FIGS. 3A-3D, which illustrate one embodiment of an
ECG data acquisition device according to the present inven-
tion. ECG data acquisition device 20 has an extended con-
figuration and a storage configuration. FIG. 3A is a top view
of ECG data acquisition device 20 in the extended configu-
ration; FIG. 3B is a side view of ECG data acquisition device
20 in the extended configuration, and FIG. 3C is a bottom
view of ECG data acquisition device 20 in the extended
configuration. FIG. 3D is a side view of ECG data acquisition
device 20 in the storage configuration, which in the case of
ECG data acquisition device 20 is a folded configuration.
When being used to measure ECG recordings, ECG data
acquisition device 20 is operated in the extended configura-
tion. For storage, ECG data acquisition device 20 is folded. In
one embodiment, the ECG data acquisition device measures
less than 7 cm in the folded configuration.

[0027] Itshould be noted that providing a very small object
that is carried by the user when not being used is important. If
the object is large, the user will not carry it with the user. A
device that is the size of a memory stick when in the storage
configuration can easily be accommodated on a key chain or
the like. Hence, the user is not inconvenienced by having the
device with the user at all times. In one aspect of the invention,
the ECG data acquisition device includes one or more buttons
such as button 44 that are used for providing user inputs into
the ECG data acquisition device. These buttons can be used
by the user to signal the ECG data acquisition device that the
user wishes to perform a specific measurement such as one
particular ECG recording.

[0028] In addition, these buttons can be used to input data
that is not related to the ECG measurements. As noted above,
providing a device that is small enough to encourage the user
to carry the device with the user at all times is an important
consideration. To the extent that the ECG data acquisition
device can provide some other function that the user would
like, the other function increases the probability that the user
will have the ECG data acquisition device with the user when
a suspected cardiac event is occurring. In one aspect of the
invention, the ECG data acquisition device also serves the
function of an electronic key. For example, the user could
input a code to the ECG data acquisition device through the
buttons that causes the ECG data acquisition device to utilize
its wireless link to perform some function such as an elec-
tronic key for an automobile or a garage door opener. Hence,
the ECG data acquisition device can also replace an electronic
key that the user would normally carry thereby increasing the
probability that the user would have the ECG data acquisition
device when needed. In this regard, it should also be noted
that the ECG pattern of one Lead I trace is known to vary from
person to person, and hence, this pattern can be used as a
biometric key that enables the key function in question.
[0029] While the keypad function described above is
implemented using separate keys, it should be noted that the
function could be implemented using a touch-enabled display
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as display 40. The preferred method for inputting the required
data depends on the available power. The keypad requires less
power. In addition, electronic car keys typically have a few
buttons to provide the functions on the key, and hence, the
user is familiar with the button implementation.

[0030] Referring to FIGS. 3A-3C, ECG data acquisition
device 20 includes four electrodes shown at 21-24, respec-
tively. A 12 trace ECG diagram is obtained using ECG data
acquisition device 20 by holding the ECG data acquisition
device with both hands and pressing electrode 24 against the
appropriate place on the patient’s body. Refer now to FIG. 4,
which is an end view of ECG data acquisition device 20. In
one embodiment, electrodes 21 and 22 are held in the right
hand 31 with the thumb 32 on electrode 21 and the right index
finger 34 on electrode 22. The left index finger 33 or any part
of the left palm is held on electrode 23. It should be noted that
electrode 22 can be touched with other fingers of the right
hand besides the index finger. Electrode 21 can also be
touched with other fingers or part of the right hand. Referring
again to FIGS. 3A-3C, for the standard lead measurements,
electrode 24 is placed against any point of the left leg or the
lower abdomen. For the precordial measurements, electrode
24 is placed sequentially at each of the precordial positions on
the patient’s chest.

[0031] As noted above, the four conventional electrodes are
placed on the left and right wrists and the left and right ankles.
In the present invention, these measurements are provided by
using the potential at the right index finger, i.e., electrode 22,
in place of the potential at the right wrist, the potential at the
right thumb, i.e., electrode 21 in place of the potential at the
right ankle, the potential at the left index finger, i.e., electrode
23, in place of the potential at the left wrist, and the potential
at the left leg, i.e., electrode 24 in place of the potential at the
left ankle.

[0032] The common mode cancellation signal is injected
into the right thumb through electrode 21 in this embodiment
of the present invention. It has been observed that using the
thumb for the common mode cancellation signal injection site
provides the desired cancellation of the common mode noise
without significantly interfering with the measurements of
the ECG recordings even though the signal from the right
index finger is used to generate the ECG recordings. It should
be noted that using another finger on right hand for the injec-
tion of the signal has been found to provide more interference
with the recordings than the use of the thumb. Accordingly,
the thumb is preferred. In addition, using the thumb and index
finger to grip the electrodes provides a more comfortable
operating position then using another location on the right
hand.

[0033] The above-described embodiments are optimized
for a right-handed user. However, the device can equally be
utilized by a left-handed user. When used by a left-handed
user, thumb and index finger of the left hand contact elec-
trodes 21 and 22 and the user touches electrode 23 with a
finger or thumb of his or her right hand. It should also be noted
that the common mode rejection signal can be injected into
the index finger that is contacting electrode 22 and the mea-
surements made through the thumb that contacts electrode 21.
The specific arrangement can be set in the software that is
downloaded to the ECG data acquisition device and custom-
ized to the particular user.

[0034] In the present invention, the common mode cancel-
lation signal is derived from the sum of the signals from
electrodes 22, 23 and 24 denoted by @,, @, and P, respec-
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tively. During the standard lead measurements, the common
mode cancellation signal is analogous to the conventional
common mode cancellation signal, as it corresponds to the
C-terminal signal. During the precordial measurements, the
chest signal is recorded on electrode 24. However, it has been
found experimentally, that the resultant common mode can-
cellation signal is still sufficient to provide the necessary level
of common mode signal reduction.

[0035] ECG data acquisition device 20 is constructed from
sections 27 and 28 that are hingedly connected by hinge 26.
However, other arrangements in which the two sections move
apart by sliding with respect to one another for use during
measurements could be utilized. Such an arrangement is
shown in FIG. 5, which is a side view of an ECG data acqui-
sition device 50 in a storage configuration after the two sec-
tions shown at 57 and 58 have been moved relative to one
another for storage.

[0036] Inoneaspectoftheinvention, the extended configu-
ration provides three electrodes that are spaced apart suffi-
ciently to allow the electrodes to be contacted with a finger of
one hand and two fingers of the other hand and still provide a
fourth electrode that can be placed at various locations on the
patient’s body while the patient is holding the device with the
fingers contacting the electrodes. While making measure-
ments, it is important that the user’s hands from the wrist up
to the armpits do not touch any part of the bare torso or other
bare body part, as such contact would alter the effective
electrical path from the heart to the wrists. If any other part,
such as the barehanded forearm touches the bare torso, or bare
leg, the ECG readings could be altered and would not repre-
sent the true signals derived from the heart.

[0037] Inoneaspectofthe invention, the distance between
electrode 24 and the group electrodes 21, 22 and 23 in the
extended configuration is set such thatthe user is forced to lift
the user’s elbows to the side, thus positioning the user’s arms
away from the user torso or leg. The length of the extension in
the extended configuration is used to maintain the required
arm placement. In another aspect of the invention, the present
invention is provided with extensions of different lengths to
accommodate variations in body types and sizes between
various users. The extensions can telescopic into one another
such that the extensions do not significantly increase the size
of the device when the device is placed in the storage con-
figuration even with the longest extension. The telescopic
extension increases the distance between electrodes 24 and
the group of electrodes 21, 22 and 23.

[0038] Inthe storage configuration, the device is more com-
pact than in the extended configuration. That is, the user could
not hold the device with the finger so contacting the elec-
trodes and the fourth electrode being available for contacting
the other points on the patient’s body. In one aspect of the
invention, the device has a maximum dimension of less than
7 cm in the storage configuration and opens up to a device that
has a maximum dimension greater than 12 cm. The minimum
sized device in the measurement configuration must be large
enough to accommodate two fingers gripping electrodes 21
and 22 and be long enough to place electrode 24 against the
various locations at which recordings are to be made without
the arms or hands coming in contact with the torso of the
patient.

[0039] Refer now to FIG. 7, which illustrates another
embodiment of an ECG data acquisition device according to
the present invention. ECG data acquisition device 70 is con-
figured to resemble a pen and sized to fit in the user’s pocket
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in amanner analogous to the manner in which a pen is clipped
into a pocket. In this case, clip 74 provides the clip function.
BCG data acquisition device 70 includes a first section 71 that
includes electrodes 21-23 and a bottom section 72 that
includes electrode 24. Section 72 can move into section 71 to
provide a more compact device in the storage configuration.
In some cases, the movement of section 72 into section 71
may not be needed. For example, a device that has a length of
a conventional pen may function adequately for individuals
with a range of body types. For individuals that are over-
weight a longer device may be needed, and hence, the ability
to extend the length is desirable.

[0040] ECG data acquisition device 70 also includes one or
more LEDs such as LED 76 that are utilized to signal the user
as to the next operation to be performed when making mea-
surements. Clip 74 can also act as a release for moving or
locking sections 71 and 72 with respect to one another. It
should also be noted that embodiments in which clip 74
provides the function of one of the hand electrodes could also
be constructed.

[0041] Itshould be noted that for some users, the length of
the pen in the storage configuration may be sufficient to
provide the spacing function discussed above during mea-
surements. Hence, ECG data acquisition device 70 is config-
ured to be operative for making measurements in both the
storage configuration and the extended configuration. The
two sections of ECG data acquisition device 70 can include a
spring mechanism that causes the sections to move to the
extended configuration when clip 74 is pushed. While the
conversation between the storage and extended configuration
utilizes clip 74 in the embodiment shown in FIG. 7, other
release mechanisms could be utilized.

[0042] The size of the device in the extended configuration
can be advantageously increased for making measurements
on persons with limited flexibility such as elderly persons. In
such cases, a device that is larger and more easily grasped
may be preferred.

[0043] In one aspect of the invention, the ECG data acqui-
sition device includes the electronics for providing the signals
corresponding to the I, I1, and an approximation to V,. The
device also generates the signal equal to the inverse of the
potentials on electrodes 22-24 and couples that signal to
electrode 21. The approximation to V, is given by

Vir® (0 ®,)2=0- D'y @
The common mode cancellation signal is
V== (Dot ®y3+P,,)/3 G

[0044] In one aspect of the invention, the ECG data acqui-
sition device transmits signal values for I, II, and V, as a
function of time via a wireless link to a receiving processor.
Refer now to FIG. 6, which illustrates the relationship
between an ECG data acquisition device according to one
embodiment of the present invention and a receiving proces-
sor. A receiving processor is defined to be any computational
device with sufficient computational capacity to compute the
12 conventional ECG recordings from these signals. The
receiving processor 61 could be a portable device that the user
also carries with the user or a fixed device within range of the
wireless link. For example, these signals can be transmitted to
a receiving processor 61 comprising smart phone, personal
data assistant (PDA), tablet computer, or laptop personal
computer via Bluetooth, WiF1i, or other wireless communica-
tion link. If the user is within range of a PC or other non-
portable computer, that computer could also be used as the
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receiving processor. The computational capacity of the
receiving processor is used to construct the ECG recordings.
Since the precordial measurements are provided one at a time,
the receiving processor 61 also provides signals that are dis-
played on the ECG data acquisition device 62 to signal the
user as to the next contact point for the fourth electrode. Refer
again to FIG. 3A. In one aspect of the invention ECG data
acquisition device 20 includes a display 40 that displays the
signals from the receiving processor as well as status signals
generated by ECG data acquisition device 20 itself. The dis-
play can be implemented as a series of LED lights with one
light indicating the appropriate location for the fourth elec-
trode in the current measurement.

[0045] It should be noted that splitting the ECG recording
between the ECG data acquisition device and the receiving
processor makes a small ECG data acquisition device pos-
sible, since the ECG data acquisition device does not need to
include the additional electronics for processing the signals to
ECG recordings and for transmitting that information to a
third party when necessary. In addition to reducing the elec-
tronics, the functional split also reduces the size of the battery
needed to power the ECG data acquisition device, which, in
turn, also makes a smaller ECG data acquisition device pos-
sible. As noted above, limiting the size of the ECG data
acquisitiondevice is critical to ensuring that the device will be
with the patient when the patient perceives that the patient
may be having a cardiac event. In one embodiment, the
receiving processor provides the display functions of display
40 discussed above. However, embodiments in which the
various functions are split in a different manner between the
ECG data acquisition device and the receiving processor can
also be constructed.

[0046] In practice, the user signals the receiving device or
the receiving processor that the user is ready to make set of
ECG recordings. This signal can be generated by a button on
the ECG data acquisition device or by the act of moving the
ECG data acquisition device from storage configuration to the
extended configuration. If the display on the receiving pro-
cessor 1s used for this function, the user signals the receiving
processor, which sends the appropriate signals to the ECG
data acquisition device.

[0047] The receiving device then initializes the relevant
application on the receiving device and sends a command that
activates one of the LEDs. The user then touches the corre-
sponding three electrodes with the user’s fingers and places
the fourth against the user’s body at the indicated location.
When ECG data acquisition device 20 detects that all of the
electrodes are in contact with the user, ECG data acquisition
device 20 begins transmitting the relevant signals to the
receiving processor. The signals can be sent as analog signals
or digitized by an analog to digital converter with ECG data
acquisition device 20 and sent as digital signals. When the
receiving processor has received sufficient data for the signal
in question, the receiving processor signals the user by acti-
vating another LED or causing the ECG data acquisition
device to make an audible signal using an acoustical signal
generator 42. The receiving processor then activates another
LED that signals the user to move to the next position for the
fourth electrode.

[0048] The division of the computational labor between the
ECG data acquisition device and the receiving device can be
adjusted to reflect the amount of electronics that can be con-
veniently placed in the ECG data acquisition device and the
desired battery life of the ECG data acquisition device on a
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single charge of its batteries. In embodiments that have
greater computational capacities, the ECG data acquisition
device can perform most, if not all, of the computational
activities. In such embodiments, the receiving device is used
as arelay to aremote site that may include medical personnel,
and, optionally, as a more extensive display screen than can be
conveniently placed on the ECG data acquisition device with-
out the space constraints of the ECG data acquisition device
in the storage configuration.

[0049] Tt should be noted that the preferred mode of com-
munication between the ECG data acquisition device and the
receiving processor can depend on other functions provided
by the ECG data acquisition device. As noted above, embodi-
ments in which the ECG data acquisition device serves some
additional function such as an electronic key are advanta-
geous in assuring that the ECG data acquisition device is
carried by the user. The frequencies utilized in providing
these other functions are typically set by the functions in
question. For example, the frequencies with which an electric
key for use in a keyless ignition system in an automobile
operate are set by the car manufacturer and are not necessarily
one of the frequencies used in wireless communications for
computer systems. Hence, an ECG data acquisition device
that is to provide this additional frequency must provide a
communication link that operates at that the dual use fre-
quency. The ECG data acquisition device also needs to com-
municate with the receiving processor, which may use a dif-

ferent frequency or frequencies for its wireless
communications.
[0050] In one aspect of the present invention that operates

with such dual use ECG data acquisition devices, the receiv-
ing processor is modified to use the dual use frequency rather
than providing two separate frequencies in the ECG data
acquisition device. This reduces the power consumption and
complexity of the ECG data acquisition device. It is typically
easier to equip the receiving processor with a separate com-
munication channel that is used to communicate with the
BCG data acquisition device than to add a second frequency
to the ECG data acquisition device, since, the receiving pro-
cessor typically has fewer power constraints than the ECG
data acquisition device.

[0051] Refer again to FIG. 6. It should be noted that the
receiving processor could be a processor that provides a net-
work interface to another processor or processors. For
example, the ECG data acquisition device could communi-
cate with the processor in a vehicle that is connected to
satellite service 65 that provides emergency and other ser-
vices. The satellite server is typically linked to a computer
network. To simplify the drawings, the links between the
satellite server and the computer network have been omitted.
Such services automatically call for emergency vehicles
when the air bags are deployed in a car. The GPS receiver in
the car provides the location of the car having the problem. In
this case, the ECG data acquisition device could communi-
cate on the existing Blue Tooth link in the car that is used for
connecting to cellular telephones, and other electronic
devices. A patient in the car who has concerns can then
perform an ECG and communicate the results to the automo-
bile computer. The automobile computer could process the
results and inform the patient of the results or just communi-
cate the results to a central processor at the satellite service.
The satellite service could provide processing and/or a relay
service to send the results to an appropriate medical site.
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[0052] Utilizing the automobile’s ability to act as the
receiving processor is particularly advantageous in that the
automobile can communicate by satellite even in areas that
lack cellular telephone service. In addition, the patient could
be receiving an ECG in route to a hospital so that the results
are forwarded to the hospital ahead of the patient’s arrival.

[0053] The above-described embodiments utilize wireless
communications for coupling the ECG data acquisition
device to the receiving processor. This wireless link can also
be used for downloading updated software or user specific
information such as a reference ECG. In one aspect of the
invention, a multi-purpose connector is also supplied for con-
necting the ECG data acquisition device to a receiving pro-
cessor for transmitting control signals or other communica-
tions to the ECG data acquisition device and for charging the
batteries inthe ECG data acquisition device by connecting the
ECG data acquisition device to a suitable charging device.
Refer again to FIG. 3A. A connector 77 is optionally included
in the ECG data acquisition device. Connector 77 is config-
ured to accept a plug that has a set of ten conventional ECG
electrodes for recording a conventional 12 trace ECG that is
administered by a third party on the patient. In addition,
connector 77 also accepts a cable having a conventional com-
puter communication link such as a USB communication
link. Connector 77 utilizes this conventional communication
link to charge the batteries in ECG data acquisition device 20
as well as download information such as software updates
and/or patient specific information. While connector 77 is
shown at a specific location on ECG data acquisition device
20, connector 77 can be located at other points.

[0054] In one aspect of the invention, a controller 78 in the
ECG data acquisition device recognizes the different possible
mating connectors that are inserted into connector 77 and
alters its functions accordingly. For example, if controller 78
detects the presence of the conventional ECG electrodes dis-
cussed above, the controller disregards the signals from elec-
trodes 21-24 and performs a conventional 12 lead ECG
recording that is communicated to the receiving processor. If
controller 78 detects a conventional communication bus con-
nected to connector 77, the controller can receive commands
from the device at the other end of the communication bus and
perform the indicated functions such as updating the software
in the ECG data acquisition device.

[0055] Inoneaspect of the invention, ECG data acquisition
device 20 includes a compartment 43 that is sized to hold a
medication to be taken by the patient if the receiving proces-
sor or, a medical facility in communication with the receiving
processor, determines that the patient’s ECG recordings dif-
fer significantly from a reference recordings stored in the
receiving device for that patient. For example, if the current
ECG recordings differ significantly from the reference
recordings the receiving processor could send the recordings
to a medical facility that normally treats the patient or contact
an emergency unit. If the staff of that facility determines that
the patient is at risk for a cardiac event, the patient would be
instructed to take the medication in compartment 43 by acti-
vating a predetermined indicator on the ECG data acquisition
device or the receiving processor and then proceed to the
nearest medical facility that can treat the patient or send an
ambulance to the patient’s location as determined by a posi-
tion locating system included in ECG data acquisition device
20 or the receiving processor with which ECG data acquisi-
tion device 20 communicates. Early treatment with simple
medications has been shown to increase positive outcomes
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for patients with cardiac events. The medication may be a
vascular dilator such as nitroglycerin, or other medication
prescribed by the patient’s regular physician. In one aspect of
the invention, the medication is aspirin. In one aspect of the
invention, the compartment is only opened in response to a
signal from the receiving processor. If the receiving processor
determines that there is a significant change in the patient’s
ECG recordings and cannot contact the appropriate facility,
the receiving processor may be programmed to open the
compartment and instruct the patient to go to an emergency
ward or similar facility for a checkup. Alternatively, compart-
ment 43 can be opened manually, and the receiving processor
provides instructions to the user to open the compartment and
take the medication.

[0056] The above-described embodiments require that the
ECG data acquisition device measure the signals from the left
and right hands by measuring the signals from electrodes 22
and 23 described above. Providing a reproducible pressure
and contact area between the finger and the electrodes has
been found to significantly improve the measured signals. In
one aspect of the invention, the electrodes include ridges or
other structures that engage the bone of the user’s finger if the
user pushes on the electrode with a force greater than some
predetermined force.

[0057] Refernow to FIGS. 8A and 8B, which illustrates one
embodiment of a finger electrode that can be utilized with the
present invention. FIG. 8A is a top view of electrode 100,
FIG. 8B is cross-sectional view of electrode 100 through line
8B-8B. Electrode 100 includes an electrically conducting
region 101 that is connected to the electronics that measure
the signals from the user’s finger. An insulating finger support
such as insulating ridge 102 supports the user’s finger 103
such that the pad 104 of the finger makes contact with contact
area 101. Ifthe user increases the pressure on insulating ridge
102 in an attempt to increase the pressure between pad 104
and electrically conducting region 101, the ridge engages the
bone in the user’s finger and prevents the finger from moving
further toward electrically conducting region 101. As a result,
the pressure between the pad and the electrode as well as the
area of contact is approximately constant after the applied
force of the finger on the electrode structure exceeds some
predetermined force. Accordingly, as long as the user presses
the user’s finger on the electrode with a sufficient force, a
reproducible contact area and force is achieved.

[0058] It should be noted that insulating ridge 102 can be
constructed from a ring of material that is glued onto electri-
cally conducting region 101. The dimensions of the ring can
be adjusted for the particular patient for whom the ECG data
acquisition device is being provided. The customizable
dimensions include the horizontal spacing of the ridge and the
height of the ridge. Increasing the height of the ridge
increases the minimum pressure with which the patient must
press on the electrode structure. The spacing of the ridge is
determined by the size of the patient’s finger.

[0059] While the finger support shown in FIGS. 8A and 8B
utilizes an insulating ridge that is attached to the conducting
area that is part of the electrode structure, other arrangements
for controlling the contact area and contact pressure between
the patient’s finger and the electrode that measures the ECG
signals could be utilized. The important feature of the finger
support is that it reduces the variation in the contact area and
contact pressure between the patient’s finger and the elec-
trode as a function of the force with which the patient presses
on the electrode structure.
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[0060] As noted above, common mode noise is a significant
problem in ECG recordings. One method for further reducing
this noise in the standard leads is to always form the differ-
ence of two signals at different points on the patient body. In
the prior art, the standard leads are computed by measuring
the signals discussed above with reference to Eqgs. (1). In one
aspect of the present invention, it has been found experimen-
tally that reduced noise equivalent traces to those shown in
Egs. (1) can be obtained by first measuring the difference
between the signals on each of the limbs in question relative
to Wilson Central Terminal and then computing leads I, I,
and IIT from these measurements. In the conventional stan-
dard lead measurements, lead 11 is measured as the difference
between the potential on an electrode connected to the leftleg
and an electrode connected to the right hand, and Lead 1 is
measured as the difference between the potential on an elec-
trode connected to the left hand and an electrode connected to
the right hand.

[0061] In this aspect of the invention, the signals from
electrodes 22-24 are combined to provide the Wilson Central
Terminal signal and the difference between the potential on
this combined terminal and each of electrodes 22-24 is then
measured. The lead [, 11, and IIT signals are then constructed
from these measured signals. Denote the sum ofthe potentials
on electrodes 22-24 by

Vim(Vaxt Vst V24)/3

[0062] WhereV,,, V5, andV,, are the potentials on elec-
trodes 22-24. Denote the measured difference between V
and V,; by V, ;. The measured difference between V, and
V45 by Vi, and the measured difference between V ,and V5,
by V;s. In general. these measured differences will also
depend on a gain factor A. Hence, at channels outputs:

Vig=A*(Vaa=Vir)
Veia=4*(Var-Viw)
Via=A*(Voz—Vip)
[0063]

Lead I=4* (V3= V)=V~ Viess

By definition, at channels outputs:

Lead II=4*(V5y=V52)=V .6 Vrer

Lead IT=A4*(Voy=Vo3)=Vi6~Via

Hence, the conventional standard lead traces can be obtained
from the measurements that are made relative to the Wilson
Central Terminal. As noted above, it has been found experi-
mentally that this arrangement yields standard lead traces that
have lower noise.

[0064] The above-described embodiments of the present
invention have been provided to illustrate various aspects of
the invention. However, it is to be understood that different
aspects of the present invention that are shown in different
specific embodiments can be combined to provide other
embodiments of the present invention. In addition, various
modifications to the present invention will become apparent
from the foregoing description and accompanying drawings.
Accordingly, the present invention is to be limited solely by
the scope of the following claims.

What is claimed is:
1. An apparatus comprising;

a handheld device having first, second, third, and fourth
electrodes on an outer surface of said handheld device,
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said handheld device having an extended configuration
and a storage configuration;

a controller that measures signals between said electrodes
and provides said signals to another device to generate
an ECG recording selected from the group consisting of
standard lead traces and precordial traces when said
handheld device is in said extended configuration and
said first and second electrodes contact a first hand of a
patient such that said first and second electrodes contact
different locations on said first hand, said third electrode
being in contact with a location on said patient’s other
hand and said fourth electrode contacts a point on said
patient’s body chosen from the group consisting of said
patient’s lower abdomen, one of said patient’s legs, and
a precordial measurement point on said patient, said
point depending on said ECG recording; and

acircuit that generates a common mode cancellation signal
from signals on said second, third, and fourth electrodes
and couples said common mode cancellation signal to
said first electrode during said signal measurements.

2. The apparatus of claim 1 wherein said controller mea-
sures one of said standard lead traces comprises measuring a
difference between a sum of potentials on said second, third,
and fourth electrodes and a potential on one of said second,
third, and fourth electrodes.

3. The apparatus of claim 1 comprising a wireless commu-
nication link that transmits said measured signals to a device
that is external to said handheld device.

4. The apparatus of claim 1 wherein said external device
comprises a satellite communication system that is linked to
a computer network.

5. The apparatus of claim 4 wherein said external device
comprises a vehicle computer that is part of an automobile.

6. The apparatus of claim 1 wherein said handheld device
in said storage configuration is too small to allow said patient
to contact said first, second, third, and fourth electrodes in a
manner that allows said ECG recordings to be made.

7. The apparatus of claim 1 wherein said handheld device
is characterized by a maximum dimension and wherein said
maximum dimension is less than 7 cm when said handheld
device is in said storage configuration and greater than 12 cm
when said handheld device is in said extended configuration.

8. The apparatus of claim 1 wherein said handheld device
comprising a first section and a second section that moves
relative to said first section, said first, second, and third elec-
trodes being on said first section and said fourth electrode
being on said second section.

9. The apparatus to claim 8 wherein said first and second
sections are connected by a hinge.

10. The apparatus of claim 8 wherein said first and second
section move relative to one another between said extended
configuration and said storage configuration.

11. The apparatus of claim 1 wherein said handheld device
comprises a compartment for storing medication.

12. The apparatus of claim 11 wherein said compartment
opens in response to signals from said controller.

13. The apparatus of claim 11 further comprising an indi-
cator that signals that a user should open said compartment
and take said medication.

14. The apparatus of claim 1 wherein said handheld device
comprises a data input device for receiving input from a user
thereof.
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15. The apparatus of claim 14 wherein said data input
device comprises a plurality of buttons that allow a user to
input information.

16. The apparatus of claim 1 comprising an connector
configured to receive a plurality of conventional ECG elec-
trodes, said apparatus providing a conventional 12 lead ECG
measurement when said ECG electrodes are connected to
said connector.

17. The apparatus of claim 16 wherein said connector
accepts a cable that connects said device to a charging device
for charging batteries in said apparatus and that communi-
cates control signals to said controller.

18. The apparatus of claim 17 wherein said control signals
provide patient specific data to be stored in said apparatus.

19. The apparatus of claim 17 wherein said control signals
provide software updates to said controller.

20. The apparatus of claim 1 wherein one of said second
and said third electrodes comprises an electrically conducting
region and an insulating finger support that engages one of
said patient’s fingers when said patient presses on that elec-
trode, said insulating finger support reducing variations in a
contact area and a contact pressure between the patient’s
finger and said electrically conducting region as a function of
a force applied to that electrode by said patient.

21. The apparatus of claim 20 wherein said insulating
finger support comprises an electrically insulating ridge
attached to said electrically conducting region.

I I T T
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