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ABSTRACT

Cardiac electrodes and techniques for testing application of
the electrodes to a victim are described herein.
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MEDICAL EQUIPMENT ELECTRODES

CLAIM OF PRIORITY

[0001] This application is a continuation under 35 U.S.C.
§ 120 of U.S. patent application Ser. No. 14/876,927, filed
on Oct. 7, 2015, which is a divisional under 35 U.S.C. § 120
of U.S. patent application Ser. No. 13/558,903, filed on Tul.
26, 2012 and issued as U.S. Pat. No. 9,180,288 on Nov. 10,
2015, which claims the benefit under 35 U.S.C. § 119(e) to
U.S. Provisional Patent Application No. 61/530,043. filed on
Sep. 1, 2011. All subject matter set forth in the above
referenced applications is hereby incorporated by reference
in its entirety into the present application as if fully set forth
herein.

TECHNICAL FIELD

[0002] Cardiac therapy electrodes and techniques for test-
ing application of the electrodes to a victim are described
herein.

BACKGROUND

[0003] External defibrillators frequently include a pair of
“hands-free” disposable electrodes, which are essentially
flexible pads that are adhered to the skin of a subject having
a cardiac event (i.e., used transcutaneously). The hands-free
electrodes can be of the type that are adhered to a subject,
rather than paddles that are held by a rescuer during defi-
brillation. Hands-free disposable electrodes typically
include a non-conductive backing layer, a conductive layer,
formed from a thin sheet of metal (e.g. tin or silver) or a
conductive ink (e.g. silver-chloride) printed on a substrate,
and a liquid or solid electrically conductive gel covering the
electrically conductive layer so that electrical current passes
through the gel to the subject’s body. The area of contact
between the gel and the subject’s body where current is
delivered is referred to herein as the “treatment area”.

SUMMARY

[0004] In some aspects, an electrode includes a camera
configured to generate image information related to the
position of the electrode relative to an subject’s chest.
[0005] In some aspects, a method can include receiving
image information from a camera in an electrode; determin-
ing information about a position of the electrode based on
the image information; and providing an indication relating
to positioning of the electrode.

[0006] Insome aspects, a device can include an electronic
interface arranged to receive image information from a
camera in an electrode, the image information providing
information from which information about the position of
the electrode relative to an subject’s chest can be obtained
and provide feedback to a rescuer about the positioning of
the electrode based on the received image information.
[0007] In some aspects, a device includes a first therapy
electrode for use with a defibrillation device. The first
therapy electrode includes a first conductive element of the
first therapy electrode configured to accept an electrical
defibrillation pulse from the defibrillation device and spread
the electrical pulse across the conductive element, from
which it is delivered to the patient’s chest and a second
conductive element of the first therapy electrode that is
separate from the first conductive element and configured to
provide an electrical contact to the patient’s chest. The first
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therapy electrode also includes a first electrical lead of the
first therapy electrode connected to the first conductive
element of the first therapy electrode and a second electrical
lead of the first therapy electrode connected to the second
conductive element of the first therapy electrode, the first
and second electrical leads of the first therapy electrode
providing an output from which information indicative of
whether the first therapy electrode is affixed to the patient’s
chest can be obtained.

[0008] In some additional aspects, a method includes
determining an impedance between a first conductive ele-
ment and a second conductive element of a first therapy
electrode and comparing, by a computing device, the imped-
ance to a threshold to determine whether the first therapy
electrode is affixed to a patient’s chest.

[0009] Other features and advantages of the invention will
be apparent from the drawings, detailed description, and
claims.

DESCRIPTION OF DRAWINGS

[0010] FIG. 1 is a schematic diagram of a system for
responding to an emergency medical condition.

[0011] FIG. 2A is a schematic diagram of the exterior of
an assembled electrode package.

[0012] FIG. 2B is a schematic diagram of the contents of
the package after opening.

[0013] FIG. 3 is a schematic diagram of one of the
electrodes.
[0014] FIG. 4 is a schematic diagram of the electrodes

after attachment to a subject.

[0015] FIG. 5 is a flow chart of a process for testing the
attachment of the electrodes to the subject.

[0016] FIG. 6 is a flow chart of a process for testing the
attachment of the electrodes to the subject.

[0017] FIG. 7 is a schematic diagram of an electrode.
[0018] FIGS. 8A-8C are schematic diagrams of the elec-
trode prior to attachment to a subject.

[0019] FIG. 9 is a flow chart of a process for providing
positioning information to a rescuer prior to the attachment
of the electrodes to the subject.

[0020] FIG. 10 is a flow chart of a process for providing
positioning information.

DETAILED DESCRIPTION

[0021] FIG. 1 shows a system 100 for responding to an
emergency medical condition of a victim 102. In general,
system 100 includes various portable devices for monitoring
on-site care given to a victim 102 of an emergency situation.
The rescuer 114 in this example is interacting with a
computing device in the form of a touchscreen tablet 116
that includes a graphical display by which to report infor-
mation to the rescuer 114, and may have an input mechanism
such as a keyboard or a touchscreen by which the rescuer
114 may enter data into the system 100. The tablet 116 may
also include a wireless transceiver for communicating with
a wireless network, such as a 3G or 4G chipset that permits
long distance communication over cellular data networks,
and further through the internet.

[0022] Separately, a portable defibrillator 112 is shown in
a deployed state and is connected to the victim 102. In
addition to providing defibrillation, the defibrillator 112 may
serve as a subject monitor via a variety of sensors or sensor
packages. For example, as shown here, electrodes 108
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connected to the defibrillator 112 have been applied to the
victim 102 so that electrical shocking pulses may be pro-
vided to the electrodes in an effort to defibrillate the victim
102, and electrocardiogram (ECG) signals may be read from
the victim 102. Further examples of use of the portable
defibrillator are described, for example, in Ser. No. 13/398,
280 filed on Feb. 16, 2012 and entitled “Coordinated Resus-
citation Perfusion Support”, the contents of which are
hereby incorporated by reference. The defibrillator operates
according to a set of configurations stored on the defibril-
lator. The defibrillator 112 may include an accelerometer
assembly 110 configured to identify a vertical displacement
caused by CPR compressions and provide feedback to the
rescuer based on the measured displacements. The defibril-
lator can additionally be provided with a ventilation bag 104
that includes an airflow sensor 106 to identify a rate at which
ventilation is occurring with the victim. The defibrillator 112
may communicate through a short range wireless data
connection with the tablet 116 to provide to the tablet 116
status information, such as information received through the
electrode assembly 108, including ECG information for the
victim 102. Also, the defibrillator 112 can send information
about the performance of chest compressions, such as depth
and rate information for the chest compressions.

[0023] Defibrillators such as defibrillator 112 shown in
FIG. 1 often utilize two electrodes 108, commonly referred
to as sternum and apex electrodes. The electrodes 108 can be
hands-free electrodes configured to deliver a shock to a
victim. In order to deliver the shock, an electrical current
path is formed between the electrode and the victim. Sys-
tems and methods described herein provide information
indicative of whether the electrodes 108 are adequately
affixed to the victim 102 to provide such an electrical current
path between the electrode 108 and the victim 102. Provid-
ing a rescuer 114 with information about whether the
electrodes 108 are adequately affixed to form the current
path between the defibrillator 112 and the victim 102, can
provide the advantage of preemptively allowing the rescuer
114 to re-attach the electrodes 108 prior to delivery of the
defibrillation shock.

[0024] FIG. 2A shows an assembled electrode package 10
with multi-conductor electrical lead 20 and label 12 accord-
ing to an example embodiment of the invention. The pack-
age is opened by grasping the loose flaps 16 at arrow label
18, and peeling back the top flap. As the flaps are pulled
apart, the releasable peripheral adhesive 14 separates.
[0025] FIG. 2B shows a view of the electrodes 50a and
504, an accelerometer 60, and styrene sheet 40 after removal
from the electrode package 10 according to an example
embodiment of the invention. Before the package is opened,
the styrene sheet 40 is folded along fold line 51 in the form
of a closed book, with the electrodes 50a and 505 and
accelerometer 60 peelably attached to the interior facing
surfaces of the book. On opening the package, the book is
unfolded, so that the electrodes and accelerometer are pre-
sented to the user as shown in FIG. 2B.

[0026] In an embodiment, electrodes 50a and 505 are
designed to be peeled from the styrene sheet 40 using tabs
42a and 425, and applied to the subject’s chest. The accel-
erometer 60 is also peeled from the sheet 40, and applied to
the front of the subject’s chest at the sternum location at
which CPR compressions are delivered. The accelerometer
works with electronics in a defibrillator to determine the
depth of compressions during CPR. ECG electrodes (not
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shown) are built into one of electrode 50a or 505 (each is
located at approximately the corners of the triangular shape
of the electrode). Labels 45a and 455 instruct the user in how
to attach the electrodes and accelerometer. Each electrode
has a wire lead 49a and 495 that extends to a connector (not
shown) for connection to the defibrillator. Lead 62 from the
accelerometer and leads from the ECG electrodes (not
shown) also extend to the same connector (not shown). All
of the leads are joined together in one multi-conductor lead
20 (FIG. 1).

[0027] FIG. 3 shows the top surface of electrode 504 after
removal from sheet 40 (e.g., the side of electrode 50a that is
configured to be attached to the surface of a subject’s skin)
according to an example embodiment of the invention.
Electrode 50a includes two electrically conductive (e.g.,
metallic) components, 46a and 48a. Component 46a is
configured to receive a defibrillation pulse from the defi-
brillator and spread the electrical pulse across the electri-
cally conductive element, from which it is delivered to the
subject’s chest. Component 48a is a testing contact that is
configured to provide information indicative of whether the
first therapy electrode is affixed to the subject’s chest can be
obtained by measurement of an impedance between the two
components 46a and 48a.

[0028] Electrode 50a includes an electrically non-conduc-
tive portion that encapsulates a portion of a conductive
electrically conductive component 46a. Those portions of
the electrically conductive component 464 not encapsulated
in the non-conductive portion are on the top surface (the
subject side) of the electrode 50a and deliver electrical
current to a subject via an electrolyte (not shown) that is
between the electrically conductive component 46¢ and a
subject. Accordingly, these portions may be referred to
herein as “current delivery surfaces”.

[0029] The electrically conductive component 46a can be
configured such that the treatment area is at least 2.33 sq.
inches (15 sq. cm), with a combined treatment area associ-
ated with two electrodes (the sternum electrode and the apex
electrode) of 6.98 sq. inches (45 sq. cm) for pediatric
electrodes; and 7.75 square inches (50 square cm), with a
combined treatment area associated with two electrodes (the
sternum electrode and the apex electrode) of at least 23.25
square inches (150 square cm). For example, the electrically
conductive components can be configured in accordance
with AAMI DF-80 and international specifications. For
example, in an embodiment, the treatment area associated
with each pediatric electrode is 7.56 sq. inches (22.5 sq. cm)
and for all other electrodes 11.63 square inches (75 square
cm.) per electrode. The area outside of the treatment area
(which is comprised of the non-conductive material) should
be of sufficient dimensions as to prevent lateral discharge of
current to the outer edge of the electrode and to enable
attachment of an adhesive ring to which a coupling layer
such as hydrogel is attached. Exemplary dimensions (length
and width) for the electrically conductive component, treat-
ment area and composite structure are described, for
example in U.S. patent application Ser. No. 12/825,143, filed
on Jun. 28, 2010 and entitled “Defibrillation Electrodes,” the
contents of which are hereby incorporated by reference.
[0030] As described above, electrode 50a also includes a
testing contact 48a. The testing contacts 48a and 485 can be
similar in size to a regular ECG monitoring electrode. The
testing contact 48a is on the top surface (the subject side) of
the electrode 50a and is not encapsulated in the non-
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conductive portion. Thus, after attachment of the electrode
50a to the subject, the electrode 50a is in contact with the
subject via an electrolyte (not shown) that is between the
testing contact 48« and the subject. The testing contact is
formed of metal or another conductive material and can be
used to measure a voltage or current. An electrical lead
extends from the testing contact 48a.

[0031] Construction of the electrode 505 is similar to that
of the electrode 50a, hence separate views are not provided.
[0032] In operation, as shown in FIG. 4, an impedance
measured between the electrically conductive component
46a and the testing contact 48a can be used to determine
whether the electrode 50a is sufficiently attached to the
subject (e.g., by measuring an impedance between nodes ‘a’
and ‘b as shown in FIG. 4). More particularly, when the
electrode 50a is not sufliciently attached to the subject (e.g.,
not in contact with the subject’s skin), the impedance
between the electrically conductive component 46a and the
testing contact 48a will be significantly higher than when the
electrode 50a is sufficiently attached to the subject. For
example, an impedance of greater than 10 kOhms can
indicate that the electrode is not sufficiently attached to the
subject. More particularly, when the electrode is not appro-
priately attached, a current path does not exist through the
subject’s body. Rather, air and/or a non-conductive material
may separate the two electrodes resulting in a high imped-
ance (e.g., an impedance of greater than 10 kOhms).
[0033] In some examples, if an impedance of less than 10
kOhms is measured between the electrically conductive
component 46a and the testing contact 484, the system can
determine that the electrode is attached to the subject. For
example, an impedance measurement of 1 kOhm to 10
kOhms between the electrically conductive component 46a
and the testing contact 484 can indicate proper attachment of
the electrode to the subject. Thus, by measuring the imped-
ance between the electrically conductive component 46a and
the testing contact 484 the system can determine whether the
electrode 50q is attached correctly and can provide feedback
to the user regarding the attachment of the electrode (e.g.,
whether the user has correctly attached the electrode and can
continue with treatment of the subject or whether the rescuer
needs to take further actions to correctly secure the electrode
to the subject).

[0034] Similarly, an impedance can be measured between
the electrically conductive component 465 and the testing
contact 485 of electrode 505 (e.g., between nodes ‘c” and
‘d’) to determine whether the electrode 506 is sufficiently
attached to the subject and appropriate feedback can be
provided to the rescuer.

[0035] Insome examples, in addition to testing the attach-
ment of each of the electrodes 50a and 504 to the subject, the
current flow between the two electrodes can also be tested.
For example, after attachment of both electrodes, an imped-
ance can be measured between the electrically conductive
components 46a and 465 of electrodes 50a and 505 (e.g.,
between nodes ‘a’ and ‘c’). Based on the measured imped-
ance value, the system can determine whether the proper
contact exists between the electrodes and the subject. For
example, if only a small portion of the electrically conduc-
tive component 46a or 465 is in contact with the subject’s
skin (e.g., the electrode needs to be further pressed down
onto the subject’s skin), then the resistance between the two
electrically conductive components 46a and 465 will be
greater. For example, a measurement of less than 300 Ohms
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impedance between the electrically conductive components
46a and 465 can indicate proper attachment of the electrode
to the subject. If a higher impedance is measured (and the
system has determined both electrodes have been applied to
the subject based on the measurements between the electri-
cally conductive components and the testing electrodes, then
the system can instruct the rescuer to smooth the electrode
or press more firmly on the electrode to form a better contact
with the subject’s skin.

[0036] FIG. 5 is a flow chart of a process 100 for testing
the attachment of electrodes to a subject and providing
feedback to a rescuer regarding attachment of the electrodes
according to an example embodiment of the invention. After
the electrodes are attached to a defibrillation device, the
defibrillation device initializes a timer (502) and instructs
the rescuer to apply and press down on a first electrode
(504). For example, the defibrillation device can provide
audio and/or visual instructions to the rescuer regarding
proper removal of the electrode from the backing and
attachment to the victim. In some particular examples, the
defibrillation device can include a user interface capable of
displaying a video showing an animation or short video clip
of how the electrode should be removed from the backing
and where the electrode should be applied on the subject.
[0037] The process measures an impedance between the
electrically conductive component of the electrode used to
deliver a defibrillation current and the test electrode (506).
Based on the measurement, the defibrillation device deter-
mines whether the impedance is less than a preset threshold,
for example less than 10 k-Ohms (508).

[0038] Ifthe impedance is not less than the preset imped-
ance threshold (e.g., the preset impedance is greater than the
impedance threshold), the system determines that the elec-
trode is not correctly affixed to the subject and determines
whether the elapsed time, t, is greater than a threshold (509).
Exemplary timing thresholds can be between 5 to 10 sec-
onds to allow the rescuer sufficient time to attach the
electrode prior to interrupting the rescuer with further
instructions. If the time is not greater than a threshold, the
system returns to measuring the impedance (506) to allow
the rescuer additional time to attach the electrode. If the time
is greater than the threshold, the system resets the timer
(510) and provides instructions to the rescuer regarding the
application of the electrode.

[0039] If] as a result of determination 508, the impedance
is less than the impedance threshold, the system instructs the
rescuer to apply and press down on a second electrode (512).
For example, the defibrillation device can provide audio
and/or visual instructions to the user regarding proper
removal of the electrode from the backing and attachment to
the victim as described above. The defibrillation device
measures an impedance between the electrically conductive
component of the second electrode used to deliver a defi-
brillation current and the test electrode (514). Based on the
measurement, the defibrillation device determines whether
the impedance is less than a preset threshold, for example
less than 10 kOhms (518). If the impedance is not less than
the impedance threshold (e.g., the impedance is greater than
the impedance threshold), the system determines that the
second electrode is not correctly affixed to the subject and
determines whether the elapsed time, t, is greater than the
timing threshold (519). If the time is not greater than a
threshold, the system returns to measuring the impedance
(514) to allow the rescuer additional time to attach the
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electrode. If the time is greater than the threshold, the system
resets the timer (516) and provides instructions to the
rescuer regarding the application of the electrode (512).

[0040] Tf, as a result of determination 518, the impedance
is less than the impedance threshold, the system measures an
impedance between the two defibrillation electrodes of the
first and second electrodes (520) and determines whether the
impedance is smaller than a second threshold (e.g., an
electrode to electrode threshold). For example, the threshold
can be from about 250 to about 300 Ohms. If the measured
impedance is greater than the threshold, the system instructs
the rescuer to press down on both of the electrodes to ensure
good contact is formed with the victim’s skin (524) and
returns to measuring the impedance (520). If the measured
impedance is less than the threshold, the system provides
feedback to the rescuer informing the rescuer that the
electrodes have been applied successfully (526).

[0041] FIG. 6 is a flow chart of a process 650 for testing
the attachment of defibrillation electrodes to a subject and
providing feedback to a rescuer regarding the attachment of
the electrodes according to an example embodiment of the
invention. In contrast to the example described in relation to
FIG. 5, the process of FIG. 6 provides less detailed instruc-
tion to the rescuer and could be beneficial for experienced
rescuers such as emergency personnel. After the electrodes
are attached to a defibrillation device, the defibrillation
device instructs the rescuer to apply and press down on both
the first and second electrodes (654). Based on a measure-
ment of the impedance between the defibrillation pads of the
first and second electrodes, the defibrillation device deter-
mines whether the impedance is less than a preset threshold,
for example less than 300 Ohms (656). If the impedance is
less than the threshold, the system instructs the user of
successful electrode application (658). If the impedance is
not less than the threshold, the system determines, based on
a measurement of an impedance between the defibrillation
pad of the first electrode and the test electrode of the first
electrode, whether the impedance is less than a second,
different threshold (660). If the impedance is greater than the
threshold, the system instructs the rescuer to apply and push
down on the first electrode (662) and returns to determina-
tion 656. If the impedance is less than the threshold, the
system determines, based on a measurement of impedance
between the defibrillation pad of the second electrode and
the test electrode of the second electrode, whether the
impedance is less than the second threshold (664). If the
impedance is greater than the threshold, the system instructs
the rescuer to apply and push down on the second electrode
(666) and returns to determination 656. If the impedance is
less than the threshold, the system determines that both
electrodes have been applied to the subject but adequate
contact has not been made with the subject’s skin and the
system instructs the rescuer to push or smooth both elec-
trodes (668) and returns to determination 656.

[0042] FIG. 7 shows an electrode 200 configured to assist
the rescuer in positioning the electrode 200 on a victim
according to an example embodiment of the invention.
Rescuers such as lay rescuers may be uncertain about the
placement of defibrillation electrodes on a victim. Incorrect
placement of the electrodes can reduce the effectiveness of
the electrical shock delivered to the victim. In some
examples, a rescuer’s concern about whether the electrode is
correctly positioned can result in the rescuer taking addi-
tional time to verify the placement of the electrode (e.g.,
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relative to a placement shown in an instruction manual)
which may result in a delay of administration of CPR and/or
delivery of a defibrillation shock. Any delay in CPR admin-
istration and/or delivery of a defibrillation shock can reduce
the effectiveness of the treatment. As such, electrode 200
includes components to provide guidance about the place-
ment of the electrode to the rescuer while the rescuer is in
the process of positioning and affixing the electrode 200 to
the victim.

[0043] More particularly, electrode 200 includes a camera
202 such as a still image digital camera or a video camera.
Camera 202 captures image information (e.g., still images
taken at predetermined time intervals or video data) and
provide the image information to a processor or computing
device via an electronic interface. The processor or com-
puting device can be included in a defibrillation device and
can be communicatively coupled to the camera by a wired
connection or wirelessly such that the processor or comput-
ing device can receive image information from the camera
202. Based on the received image information the processor
or computing device determines a location of the electrode
200 relative to the victim’s body and determines if the
rescuer should reposition the electrode prior to application
of the electrode 200 (e.g., by determining an x offset value
and a y offset value relative to a desired location). The
processor or computing device provides information about
the position of the electrode or desired direction in which the
electrode should be moved to multiple positioning indicators
204a, 2045, 204¢, 2044, and 206 on the electrode 200 that
are configured to provide feedback to the rescuer about
whether the electrode is in the correct location relative to the
victim. For example, positioning indicators 204a, 2045,
204¢, 2044, and 206 can include one or more light emitting
diodes. Indicators 204a, 2045, 204c¢, 204d can be illumi-
nated to indicate a direction in which the rescuer should
move the electrode and indicator 206 can be illuminated to
indicate when the electrode 200 is correctly positioned and
should be affixed to the victim. For example, electrode 200
includes indicator 2044 (e.g., an LED) positioned on a top
portion of the top surface of the therapy electrode to provide
information indicating the electrode should be moved
toward the subject’s head, indicator 204¢ (e.g., an LED)
positioned on a bottom portion of the top surface of the
therapy electrode to provide information indicating the
electrode should be moved toward the subject’s feet, indi-
cator 204d (e.g., an LED) positioned on a left-side portion
of the top surface of the therapy electrode to provide
information indicating the electrode should be moved to the
left, and indicator 2045 (e.g., an LED) positioned on a
right-side portion of the top surface of the therapy electrode
to provide information indicating the electrode should be
moved to the right.

[0044] In operation, as shown in FIGS. 8A-8C, the indi-
cators guide the rescuer in placement of the electrode 200
according to an example embodiment of the invention. For
example, in FIGS. 8A-8C, the desired location for the
electrode is indicated by the dotted circle 201. The camera
202 included in electrode 200 receives an image of the
victim and a processor or other computing device deter-
mines the location of the electrode relative to the victim’s
chest based on the image. The processor or other computing
device compares the determined location with the desired
location (e.g., location 201) and determines whether the
electrode 1s correctly positioned. If the electrode is not
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correctly positioned, the processor or computing device
causes the appropriate indicators on the electrode to be
illuminated. For example, as shown in FIG. 8A, the rescuer
has the electrode 200 down and to the right of the desired
electrode location 201 so the processor or computing device
sends a signal to electrode 200 to cause the indicators 204a
and 2044 to be illuminated indicating that the electrode 200
should be moved to the left and up from the current location.
As shown in FIG. 8B, the rescuer has moved the electrode
up, but the electrode is still to the right of the desired
location so the processor or computing device causes indi-
cator 2044 to be illuminated to indicate that the electrode
should be moved to the left. Indicator 204a is no longer
illuminated because the rescuer had moved the electrode up
to an appropriate vertical position. As shown in FIG. 8C, the
rescuer has moved the electrode to the left and the electrode
is appropriately positioned so the processor or computing
device causes indicator 206 to be illuminated to indicate that
the electrode is correctly positioned and should be affixed to
the victim.

[0045] FIG. 9 is a flow chart of a process for providing
electrode positioning feedback to a rescuer based on image
information received from a camera in the electrode. A
processor or computing device initializes the camera (220).
For example, the camera can be initialized automatically by
the processor or computing device upon removal of the
electrodes from the package or upon connection of the
electrodes to the defibrillation device. Alternatively, the
rescuer can press a button or otherwise provide an input that
causes the processor or computing device to initialize the
camera. The processor or computing device receives image
information from the camera (222). The image information
can include still images such as a series of images captured
in a time-lapse manner (e.g., by taking an image at a set time
interval such as every second, every two seconds, etc.). In
some other examples, the image information can include
video information. The processor or computing device deter-
mines a separation distance between the electrode and the
victim (224) and determines if the separation distance is
within the threshold distance (226). If the separation dis-
tance is greater than a threshold distance the process returns
to determining a separation distance between the electrode
and the victim based on newly received image information
(224). In some examples, feedback can be provided to the
rescuer to prompt the rescuer to position the electrode above
the victim’s chest. If the separation distance is within the
threshold distance, the processor or computing device deter-
mines a location of the electrode relative to the victim’s
chest (228) and determines if the electrode is positioned for
application (230). For example, a processor may use an
image comparison technique to compare the image received
in 222 with one or more previously stored images of a
subject’s chest.

[0046] For example, the processor or computing device
can use an image comparison technique to align two images
with the x and y translation distances providing the direction
in which the electrode should be moved. In another example,
an image analysis can be used to determine the electrode’s
location relative to the victim’s chest (e.g., by determining
location relative to the victim’s nipples, shoulders, belly
button, etc.). The x and y translation distances can then be
determined based on the electrode’s current location and the
electrode’s desired location (e.g., an X-translation and a
y-translation from a desired position are determined).
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[0047] FIG. 10 is a flow chart of a process for providing
electrode positioning feedback to a rescuer based on image
information received from a camera in the electrode. A
processor receives present image information from a camera
in electrode (250). The processor provides an indication of
electrode location on present image (252).The processor
converts present image information into a comparable for-
mat (254). A converter module located in the defibrillator
may be configured to provide the conversion. For example,
the present image and previously stored images may be
converted into one or more formats for the purpose of
comparison such as a format based on a key feature extrac-
tion algorithm. Key features are certain features of an image
such as a subject’s nipples, shoulders, belly button, sternum,
etc. Key features within an image including their locations
within the image may be extracted by using key feature
extraction techniques and algorithms known in the art. In an
embodiment, the present image and the previously stored
images may be scaled prior to key feature extraction. The
previously stored images may reside on a local database
within the defibrillator or accessible via a communication
channel such as a network. The processor compares the
electrode placement on present converted image with the
proper electrode placement on at least one of previously
stored images including surrounding key features (256) and
determines, based on the comparison, an X-Y displacement,
if any (258). Based on the determination, the processing
device can provide feedback indicative or correct electrode
positioning (260).

[0048] If the electrode is correctly positioned for applica-
tion (e.g., the electrode is in the correct location), the
processor or computing device provides feedback indicating
the electrode is in the correct position (234). For example,
the processor or computing device can send a signal to an
LED to cause the LED to be illuminated indicating correct
positioning. In another example, an audio signal can be
played to indicate correct positioning. If the electrode is not
correctly positioned for application (e.g., the electrode is not
in the correct location), the processor or computing device
provides feedback indicating the direction in which the
electrode should be moved (232). For example, the proces-
sor or computing device can send a signal to one or more
LEDs on the electrode to cause the LED(s) to be illuminated
indicating the direction in which the electrode should be
moved. In another example, an audio signal can be played to
indicate the direction in which the electrode should be
moved.

[0049] While in the examples described above, position-
ing information was provided to the rescuer by a set of
LEDs, other devices/methods can be used to provide the
information. For example, a display on the defibrillator or on
another device could provide an image with an indication of
a current location of the electrode and a desired location
such that the rescuer could view the display and move the
electrode to make the current location align with the desired
location. In another example, a monitor or screen on the
defibrillator or the electrode can display an image such as an
arrow showing a direction in which the rescuer should move
the electrode. In another example, audio feedback could be
provided by a speaker on the defibrillator or on another
device. For example, the audio feedback could include
guidance such as “move the electrode towards the victim’s
head” or “move the electrode to the left.” In another
example, the electrode could include a different configura-
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tion of LEDs to provide guidance to the user. For example,
the electrode could include additional LEDs to provide an
indication of whether the electrode should be moved by a
small amount or by a larger distance.

[0050] In some implementations, an electrode can include
both a camera and feedback devices to help a user to
correctly position the electrodes (e.g., as described herein)
and multiple electrically conductive components for mea-
suring impedances to provide the rescuer with information
about whether the electrodes are adequately affixed to form
the current path between the defibrillator and the victim
(e.g., as described herein).

[0051] In some aspects, an electrode includes a camera
configured to generate image information related to the
position of the electrode relative to an subject’s chest.

[0052] Embodiments can include one or more of the
following.
[0053] The electrode can also include one or more indi-

cators configured to provide information indicative of
whether the electrode is adequately positioned for affixing to
the subject’s chest based on the image information related to
the position of the electrode.

[0054] The one or more indicators can include one or more
light emitting diodes configured to provide information
indicative of correct positioning of the electrode.

[0055] The one or more indicators can include a display
configured to provide information indicative of correct posi-
tioning of the electrode.

[0056] The electrode can also include speaker configured
to provide information indicative of correct positioning of
the electrode.

[0057] The one or more indicators can include a first light
emitting diode configured to provide information indicating
the electrode should be moved toward the subject’s head, a
second light emitting diode configured to provide informa-
tion indicating the electrode should be moved toward the
subject’s feet; a third light emitting diode configured to
provide information indicating the electrode should be
moved to the left; and a fourth light emitting diode config-
ured to provide information indicating the electrode should
be moved to the right.

[0058] The camera can be configured to generate video
image information.

[0059] The camera can be configured to generate image
information.
[0060] The electrode can include a first electrically con-

ductive element of the electrode configured to accept an
electrical defibrillation pulse from the defibrillation device
and spread the electrical pulse across the electrically con-
ductive element, from which it is delivered to the subject’s
chest; a second electrically conductive element of the elec-
trode that is separate from the first electrically conductive
element and configured to provide an electrical contact to
the subject’s chest; a first electrical lead of the electrode
connected to the first electrically conductive element of the
electrode; and a second electrical lead of the electrode
connected to the second electrically conductive element of
the electrode, the first and second electrical leads of the
electrode providing an output from which information
indicative of whether the electrode is affixed to the subject’s
chest can be obtained.

[0061] The information indicative of whether the first
electrode is affixed to the subject’s chest can include imped-
ance information.
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[0062] The information indicative of whether the first
electrode is affixed to the subject’s chest can include resis-
tance information.

[0063] The electrode can also include plurality of ECG
electrodes.

[0064] The electrode can also include a non-conductive
backing layer.

[0065] The electrode can also include a conductive layer
configured to be in electrical contact with the chest of the
subject and in electrical contact with an exposed surface of
the first electrically conductive element on the other of its
surfaces.

[0066] The electrode can also include a sensor for use with
the defibrillation device that provides an output from which
information about the depth of CPR chest compressions can
be obtained.

[0067] The electrode can also include a sensor for use with
the defibrillation device that provides an output from which
information about the depth of compressions to the chest
during CPR chest conipressions can be obtained.

[0068] The electrode can also include a sensor for use with
the defibrillation device that provides an output from which
information about the rate of CPR chest compressions can
be obtained.

[0069] In some aspects, a method can include receiving
image information from a camera in an electrode; determin-
ing information about a position of the electrode based on
the image information; and providing an indication relating
to positioning of the electrode.

[0070] Embodiments can include one or more of the
following.
[0071] Determining information about the positioning of

the electrode can include determining an x-translation and a
y-translation from a desired position.

[0072] Determining information about the position of the
electrode can include determining whether the electrode is
adequately positioned for application to the victim’s chest.

[0073] The image information can be a still image.
[0074] The image information can be a video.
[0075] Providing feedback to the rescuer about the posi-

tion of the electrode can include sending a signal to cause
one or more light emitting diodes on the electrode to be
illuminated.

[0076] Providing feedback to the rescuer about the posi-
tion of the electrode can include sending a signal to cause a
display device to display information associated with the
position.

[0077] Providing feedback to the rescuer about the posi-
tion of the electrode can include generating an audio output.
[0078] The method can also include determining an
impedance between a first electrically conductive element
and a second electrically conductive element of a first
electrode and comparing, by a computing device, the imped-
ance to a threshold to determine whether the first electrode
is affixed to a subject’s chest.

[0079] The method can also include providing instructions
to a rescuer about application of the electrode upon a
determination that the first electrode is not affixed to the
subject’s chest.

[0080] Determining the impedance can include applying a
voltage between the first electrically conductive element and
the second electrically conductive element of the electrode
and measuring a current between the first electrically con-
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ductive element and the second electrically conductive ele-
ment of the electrode resulting from the applied voltage.
[0081] Insome aspects, a device can include an electronic
interface arranged to receive image information from a
camera in an electrode, the image information providing
information from which information about the position of
the electrode relative to an subject’s chest can be obtained
and provide feedback to a rescuer about the positioning of
the electrode based on the received image information.
[0082] The device can be further configured to determine
a position of the electrode based on the received image
information.

[0083] The electronic interface can be configured to pro-
vide feedback to the rescuer by sending a signal to an
indicator in the electrode to cause the indicator to be
illuminated when the electrode is adequately positioned for
application to the victim’s chest.

[0084] The electronic interface can be configured to pro-
vide feedback to the rescuer by sending signals to one or
more indicators in the electrode to cause the indicators to be
illuminated to indicate a direction in which the electrode
should be moved.

[0085] The electronic interface can be configured to pro-
vide feedback to the rescuer by sending signals to a display
device to cause the display device to indicate a direction in
which the electrode should be moved.

[0086] The one or more indicators can include a first light
emitting diode configured to provide information indicating
the electrode should be moved toward the subject’s head, a
second light emitting diode configured to provide informa-
tion indicating the electrode should be moved toward the
subject’s feet, a third light emitting diode configured to
provide information indicating the electrode should be
moved to the left; and a fourth light emitting diode config-
ured to provide information indicating the electrode should
be moved to the right.

[0087] The camera can be a video camera in the electrode.
[0088] The camera can be a still image camera in the
electrode.

[0089] The device can also include a processor configured

to determine information about the positioning of the elec-
trode by determining an x-translation and a y-translation
from a desired position.

[0090] The device can also include a processor configured
to determine whether the electrode 1s adequately positioned
for application to the victim’s chest.

[0091] The image information can be a still image.
[0092] The image information can be a video input.
[0093] The device can also include a speaker configured to

provide the feedback to the rescuer about the positioning of
the electrode.

[0094] The device can also include a processor configured
to determine an impedance between a first electrically
conductive element and a second electrically conductive
element of the electrode and compare the impedance to a
threshold to determine whether the first electrode is affixed
to an subject’s chest.

[0095] In some aspects, a device includes a first therapy
electrode for use with a defibrillation device. The first
therapy electrode includes a first metallic element of the first
therapy electrode configured to accept an electrical defibril-
lation pulse from the defibrillation device and spread the
electrical pulse across the metallic element, from which it is
delivered to the patient’s chest and a second metallic ele-
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ment of the first therapy electrode that is separate from the
first metallic element and configured to provide an electrical
contact to the patient’s chest. The first therapy electrode also
includes a first electrical lead of the first therapy electrode
connected to the first metallic element of the first therapy
electrode and a second electrical lead of the first therapy
electrode connected to the second metallic element of the
first therapy electrode, the first and second electrical leads of
the first therapy electrode providing an output from which
information indicative of whether the first therapy electrode
is affixed to the patient’s chest can be obtained.

[0096] Embodiments can include one or more of the
following.
[0097] The information indicative of whether the first

therapy electrode is affixed to the patient’s chest can include
an impedance measurement.

[0098] The information indicative of whether the first
therapy electrode is affixed to the patient’s chest can include
a resistance measurement.

[0099] The device can further include a second therapy
electrode that includes a first metallic element of the second
therapy electrode configured to accept an electrical defibril-
lation pulse and spread the electrical pulse across the metal-
lic element, from which it is delivered to the patient’s chest
and a second metallic element of the second therapy elec-
trode that is separate from the first metallic element and
configured to provide an electrical contact to the patient’s
chest. The second therapy electrode also includes a first
electrical lead of the second therapy electrode connected to
the first metallic element of the second therapy electrode and
a second electrical lead of the second therapy electrode
connected to the second metallic element of the second
therapy electrode, the first and second electrical leads of the
first therapy electrode providing an output from which
information indicative of whether the first therapy electrode
1s affixed to the patient’s chest can be obtained.

[0100] The first therapy electrode can also include a
plurality of ECG electrodes.

[0101] The first therapy electrode can also include a
non-conductive backing layer.

[0102] The first therapy electrode can also include a
conductive layer configured to be in electrical contact with
the chest of the patient and in electrical contact with an
exposed surface of the first metallic element on the other of
its surfaces.

[0103] The conductive layer can include a conductive
layer selected from the group consisting of a conductive
viscous liquid, an electrolyte, a solid conductive gel, and

hydrogel.

[0104] The metallic element can be made from stainless
steel.

[0105] The first and second metallic elements can be

encapsulated by the flexible nonconductive element.
[0106] The electrode can also include a first peripheral
adhesive region outside of the area of the first and second
metallic contacts configured to adhere to the chest of the
patient.

[0107] The device can also include a sensor for use with
the defibrillation device that provides an output from which
information about the depth of CPR chest compressions can
be obtained.

[0108] The sensor can be an accelerometer.

[0109] The device further can also include a sensor for use
with the defibrillation device that provides an output from
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which information about the depth of compressions to the
chest during CPR chest compressions can be obtained.
[0110] The device further can also include a sensor for use
with the defibrillation device that provides an output from
which information about the rate of CPR chest compressions
can be obtained.

[0111] In some additional aspects, a method includes
determining an impedance between a first metallic element
and a second metallic element of a first therapy electrode and
comparing, by a computing device, the impedance to a
threshold to determine whether the first therapy electrode is
affixed to a patient’s chest.

[0112] Embodiments can include one or more of the
following.
[0113] The method can also include determining an

impedance between a first metallic element and a second
metallic element of a second therapy electrode and compar-
ing, by the computing device, the determined impedance to
the threshold to determine whether the second therapy
electrode is affixed to the patient’s chest.

[0114] The method can also include determining an
impedance between the first metallic element of the first
therapy electrode and the first metallic element of the second
therapy electrode and comparing, by the computing device,
the determined impedance to second threshold to determine
whether the first and second therapy electrodes are
adequately affixed to the patient’s chest.

[0115] The first threshold can be between about 1 and 10
kOhms and the second threshold can be between about 250
and 300 Ohms.

[0116] The method can also include providing instructions
to a rescuer about application of the therapy electrode upon
a determination that the first therapy electrode is not affixed
to the patient’s chest.

[0117] The first threshold can be about 10 kOhms.
[0118] Determining the impedance can include applying a
voltage between the first a first metallic element and a
second metallic element of a first therapy electrode and
measuring a current between the first metallic element and
a second metallic element of the first therapy electrode
resulting from the applied voltage.

[0119] Many other implementations of the invention other
than those described above are within the invention, which
is defined by the following claims.

1. (canceled)

2. A medical device comprising;

an electrode assembly including at least a first electrode
and a second electrode for delivering one or more
defibrillating shocks to a patient;

a camera coupled to the electrode assembly and config-
ured to acquire image information of external features
of the patient;

a chest compression sensor coupled to the electrode
assembly and configured to acquire chest compression
information based on chest compressions being applied
to the chest of the patient;

an output device configured to generate feedback indica-
tive of the chest compression information and the
image information; and

at least one processor communicatively coupled to the
electrode assembly, the camera, the chest compression
sensor, and the output device, the at least one processor
configured to:
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receive the image information of the external features
of the patient from the camera,

estimate a location of the electrode assembly relative to
the external features of a patient based on the
received image information,

receive the chest compression information from the
chest compression sensor,

estimate one or more chest compression parameters
based on the received chest compression informa-
tion,

control the output device to provide electrode position
feedback based on the estimated location of the
electrode assembly, and

control the output device to provide cardiopulmonary
resuscitation (CPR) feedback based on the estimated
one or more chest compression parameters.

3. The medical device of claim 2, wherein the medical
device comprises a defibrillator.

4. The medical device of claim 2, wherein the electrode
position feedback provided by the output device comprises
visual feedback to guide placement of the electrode assem-
bly on the chest of the patient.

5. The medical device of claim 4, wherein the electrode
assembly comprises

a first light emitting diode affixed to the electrode assem-
bly to provide the visual feedback that the electrode
assenibly should be moved toward the head of the
patient,

a second light emitting diode affixed to the electrode
assembly to provide the visual feedback that the elec-
trode assembly should be moved toward the feet of the
patient,

a third light emitting diode affixed to the electrode assem-
bly to provide the visual feedback that the electrode
assembly should be moved toward the left shoulder of
the patient, and

a fourth light emitting diode affixed to the electrode
assembly to provide the visual feedback that electrode
assembly should be moved toward the right shoulder of
the patient.

6. The medical device of claim 4, wherein the visual
feedback comprises an illuminated arrow displayed on the
output device to indicate a direction in which the electrode
assembly should be moved.

7. The medical device of claim 4, wherein the visual
feedback is determined by the processor, which implements
an image comparison technique to compare the image
information acquired by the camera to previously stored
images of the chest of the patent in order to determine the
estimated location of the electrode assembly on the patient,
the processor further calculating an x offset value and a y
offset value relative to a desired location for the electrode
assembly on the chest of the patient using the received image
information from the camera.

8. The medical device of claim 2, wherein the electrode
position feedback generated by the output device comprises
audible feedback.

9. The medical device of claim 8, wherein the audible
feedback comprises verbal instructions to guide placement
of the electrode assembly on the patient.

10. The medical device of claim 2, wherein the chest
compression sensor comprises an accelerometer.

11. The medical device of claim 2, wherein the image
information comprises a still image.
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12. The medical device of claim 2, wherein the image
information comprises a video input.

13. The medical device of claim 2, wherein the external
features identified by the camera include nipples, shoulders,
a belly button, or a sternum of the patient.

14. The medical device of claim 2, wherein the processor
is configured to determine an impedance between the first
electrode and the second electrode, the processor comparing
the determined impedance to a threshold to determine if both
the first electrode and the second electrode are attached to
the patient.

15. The medical device of claim 14, wherein upon indi-
cation that one or more electrodes is not connected to the
patient, the processor determines a first electrode imped-
ance, which is an impedance between a first electrically
conductive element and a first test pad of the first electrode,
and compares the first electrode impedance to the threshold
to determine if the first electrode is connected to the patient.

16. The medical device of claim 15, wherein upon indi-
cation that the first electrode is not connected to the patient,
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the processor determines a second electrode impedance,
which is an impedance between a second electrically con-
ductive element and a second test pad of the second elec-
trode, and compares the second electrode impedance to the
threshold to determine if the second electrode is connected
to the patient.

17. The medical device of claim 2, wherein the one or
more chest compression parameters includes information
about a depth of the chest compressions being administered
to the patient.

18. The medical device of claim 17, wherein the one or
more chest compression parameters includes information
about a rate of the chest compressions being administered to
the patient.

19. The medical device of claim 2, wherein the electrode
assembly further includes ECG electrodes, which transit
ECG information about the patient to the processor.

20. The medical device of claim 2, wherein the electrode
assembly is in wireless communication with the processor.
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