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INTEGRATED RESUSCITATION APPARATUS
AND METHOD INCLUDING PERFUSION
MONITOR

RELATED APPLICATIONS

[0001] This application claims priority under 35 U.S.C.
§119(e) to U.S. Provisional Application Ser. No. 61/839,233,
titled “INTEGRATED RESUSCITATION APPARATUS
AND METHOD INCLUDING PERFUSION MONITOR,”
filed on Jun. 25, 2013, which is herein incorporated by refer-
ence in its entirety.

BACKGROUND
[0002] 1. Technical Field
[0003] Aspects and embodiments of the present invention

relate to methods and systems for the resuscitation of indi-
viduals experiencing cardiac distress.

[0004] 2. Discussion of Related Art

[0005] Resuscitation of individuals experiencing cardiac
distress can generally include clearing a subject’s airway,
assisting the subject’s breathing, chest compressions, and
defibrillation.

[0006] The American Heart Association’s Basic Life Sup-
port for Health Care Providers textbook provides a flow chart
at page 4-14 of Chapter 4 that lists the steps of airway clear-
ing, breathing, and circulation (known as A, B, and C), for
situations in which there is no defibrillator readily accessible
to the rescuer.

[0007] Defibrillation (sometimes known as step D) can be
performed with the use of an automatic external defibrillator
(AED). Most automatic external defibrillators are actually
semi-automatic external defibrillators (SAED), which
require a clinician to press a start button, after which the
defibrillator analyzes the subject’s condition and provides a
shock to the subject if the electrical rhythm is shockable and
waits for user intervention before any subsequent shock.
Fully automatic external defibrillators, on the other hand, do
not wait for user intervention before applying subsequent
shocks. As the term is used below, automatic external defibril-
lators (AED) include semi-automatic external defibrillators
(SAED).

[0008] Both AEDs and SAEDs typically provide an oral
stand clear warning before the application of each shock. A
clinician is expected to stand clear of the subject and may be
required to press a button indicating that the clinician is
standing clear of the subject. The controls for AEDs are
typically located on a resuscitation control box.

[0009] AEDs are typically used by trained providers such
as physicians, nurses, fire department personnel, and police
officers. There might be one or two people at a given facility
that has an AED who have been designated for defibrillation
resuscitation before an ambulance service arrives. The avail-
ability of on-site AEDs along with rescuers trained to operate
them is important because if a subject to experiencing cardiac
distress experiences a delay of more than about four minutes
before receiving a defibrillation shock, the subject’s chance
of survival can drop dramatically. Many large cities and rural
areas have low survival rates for defibrillation because the
ambulance response time is slow, although many suburbs
have higher survival rates because of the faster ambulance
response time due to lack of traffic and availability of hospi-
tals and advanced life support.
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[0010] Trained lay providers are a new group of AED
operators, but they rarely have opportunities to defibrillate.
For example, spouses of heart attack victims may become lay
providers, but these lay providers can be easily intimidated by
an AFD during a medical emergency. Consequently, such lay
providers can be reluctant to purchase AEDs, or might tend to
wait for an ambulance to arrive rather than use an available
AED, out of concern that the lay provider might do something
wrong.

[0011] There are many different kinds of heart rhythms,
some of which are considered shockable and some of which
are not. For example, a normal heart rhythm is considered
non-shockable, and there are also many abnormal non-shock-
able rhythms. There are also some abnormal non-viable non-
shockable rhythms. A subject exhibiting a non-viable non-
shockable rhythm cannot remain alive with the non-viable
rhythm, yet applying shocks will not help convert the rhythm
to a viable rhythm.

[0012] As an example of a non-viable non-shockable
rhythm, if a subject experiences asystole, the heart will not be
beating and application of shocks will be ineffective.

[0013] Pacing is recommended for asystole, and there are
other things that an advanced life support team can do to assist
such subject, such as performing an intervention involving
various drugs. The job of the first responder is simply to keep
the subject alive, through the use of cardio-pulmonary resus-
citation (CPR) and possibly defibrillation, until an advanced
life support team arrives. Bradycardias, during which the
heart beats too slowly, are non-shockable and also possibly
non-viable. If the subject is unconscious during bradycardia,
it can be helpful to perform chest compressions until pacing
becomes available. Electro-mechanical dissociation (EMD),
in which there is electrical activity in the heart but it is not
making the heart muscle contract, is non-shockable and non-
viable, and would require CPR as a first to response. Idio-
ventricular rhythms, in which the normal electrical activity
occurs in the ventricles but not the atria, can also be non-
shockable and non-viable (usually, abnormal electrical pat-
terns begin in the atria). Idio-ventricular rhythms typically
result in slow heart rhythms of 30 or 40 beats per minute,
often causing the subject to lose consciousness. The slow
heart rhythm occurs because the ventricles ordinarily respond
to the activity of the atria, but when the atria stop their elec-
trical activity, a slower, backup rhythm occurs in the ven-
tricles.

[0014] The primary examples of shockable rhythms, for
which a first responder should perform defibrillation, include
ventricular fibrillation, ventricular tachycardia, and ventricu-
lar flutter.

[0015] After using a defibrillator to apply one or more
shocks to a subject who has a shockable electrical thythm, the
subject may nevertheless remain unconscious, exhibiting a
shockable or non-shockable rhythm. The rescuer may then
resort to chest compressions. As long as the subject remains
unconscious, the rescuer can alternate between use of the
defibrillator (for analyzing the electrical rhythm and possibly
applying a shock) and performing CPR.

[0016] CPR generally involves a repeating pattern of five to
fifteen chest compressions followed by a pause. CPR is gen-
erally ineffective against abnormal rhythms, but it does keep
some level of blood flow going to the subject’s vital organs
until an advanced life support team arrives. It is difficult to
perform CPR over an extended period of time. Certain studies
have shown that over a course of minutes, rescuers tend to
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perform chest compressions with less-than-sufficient
strength to cause an adequate supply of blood to flow to the
brain. CPR prompting devices can assist a rescuer by prompt-
ing each chest compression and breath.

SUMMARY

[0017] In accordance with an aspect of the present inven-
tion, there is provided a resuscitation device. The resuscita-
tion device comprises a displacement monitor, a blood per-
fusion monitor, and a processor in communication with the
displacement monitor and the blood perfusion monitor. The
processor is configured to initiate a measurement of blood
perfusion using the blood perfusion monitor responsiveto a to
signal received from the displacement monitor. In some
embodiments, the displacement monitor comprises an accel-
erometer.

[0018] In some embodiments, the resuscitation device is
configured to be disposed on a chest of a subject, and the
processor is further configured to analyze the signal received
from the displacement monitor, determine a point in a CPR
compression-relaxation cycle being performed on the subject
based upon a result of the analysis, and initiate the measure-
ment of blood perfusion responsive to a determination that the
point in the CPR compression-relaxation cycle is at a pre-
defined point. The predetermined point may correspond to the
chest of the subject being in a relaxed state.

[0019] Insome embodiments, the processor is further con-
figured to initiate a second measurement of blood perfusion
responsive to a determination that the CPR compression-
relaxation cycle is at a second point, the second point corre-
sponding to the chest of the subject being in a compressed
state. The processor may be further configured to prompt a
CPR administrator to check a pulse of the subject responsive
to aresult of a comparison between the first measurement of
blood perfusion and the second measurement of blood perfu-
sion. The processor may be further configured to prompt a
CPR administrator to check a pulse of the subject responsive
to a result of the first measurement of blood perfusion.
[0020] Insome embodiments, the blood perfusion monitor
is disposed on a portion of the resuscitation device to which
chest compressions are applied during administration of
CPR. The blood perfusion monitor may comprise an optical
pulse oximetry system. The optical pulse oximetry system
may comprise a plurality of optical sensors disposed at dif-
ferent locations on the portion of the resuscitation device to
which chest compressions are applied during administration
of CPR.

[0021] Insome embodiments, the blood perfusion monitor
comprises a plurality of electrodes configured to electrically
contact skin of the subject and the device includes circuitry
configured to determine an impedance between at least one
pair of the plurality of electrodes.

[0022] Insome embodiments, the resuscitation device fur-
ther comprises an electrode pad including a pair of defibril-
lation electrodes, the displacement monitor, and the to blood
perfusion monitor. The displacement monitor, the blood per-
fusion monitor, and the processor may be integrated in a
integral CPR assistance and feedback device.

[0023] Inaccordance with another aspect, there is provided
a method of treating a subject using a resuscitation device.
The method comprises determining at least one point in a
CPR compression-relaxation cycle at which to measure pet-
fusion of the subject, the CPR compression-relaxation cycle
including a compression phase and a relaxation phase, moni-

Dec. 25,2014

toring information indicative of displacement of a chest of the
subject during performance of the CPR compression-relax-
ation cycle using the resuscitation device, and measuring the
perfusion of the subject using the resuscitation device in
response to the monitored information corresponding to the at
least one point in the CPR compression-relaxation cycle.
[0024] In some embodiments, the at least one point corre-
sponds to the chest of the subject being in a relaxed state. The
method may further comprise instructing a CPR administra-
tor to temporarily delay application of another CPR compres-
sion-relaxation cycle prior to measuring the perfusion.
[0025] Insome embodiments, determining the at least one
point includes determining a first point corresponding to the
chest of the subject being in a relaxed state and determining a
second point corresponding to the chest of the subject being in
a compressed state.

[0026] In some embodiments, the method further com-
prises prompting a rescuer to check a pulse of the subject
responsive to a result of the measurement of perfusion.
[0027] In some embodiments, measuring the perfusion of
the subject comprises monitoring the perfusion of the subject
at a plurality of points in the CPR compression-relaxation
cycle. Measuring the perfusion of the subject may further
comprise determining a difference in perfusion between at
least two of the plurality of points in the CPR compression-
relaxation cycle. Measuring the perfusion of the subject may
comprise performing a measurement of an impedance across
a portion of skin of the chest of the subject.

[0028] In some embodiments, the method further com-
prises delivering a defibrillation shock to the subject.

[0029] In some embodiments, measuring the perfusion of
the subject comprises monitoring the perfusion of the subject
at a plurality of physical locations on the subject. A first
physical location of the plurality of physical locations may be
proximate a center ofa CPR compression region and a second
physical location of the plurality of physical locations may be
proximate a periphery of the CPR compression region.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The accompanying drawings are not intended to be
drawn to scale. In the drawings, each identical or nearly
identical component that is illustrated in various figures is
represented by a like numeral. For purposes of clarity, not
every component may be labeled in every drawing. In the
drawings:

[0031] FIG. 1A is a drawing of a defibrillation electrode
pad positioned over the chest of a subject;

[0032] FIG. 1B is adrawing ofa defibrillation electrode pad
positioned over the chest of a subject in accordance with an
embodiment of the present invention;

[0033] FIG. 1Cis adrawing ofa defibrillation electrode pad
positioned over the chest of a subject in accordance with an
embodiment of the present invention;

[0034] FIG. 1D is a drawing of a defibrillation electrode
pad positioned over the chest of a subject in accordance with
an embodiment of the present invention;

[0035] FIG. 2 is a view of the front display panel of a
resuscitation control box that houses electronic circuitry and
provides audible and visual prompting and which may be
used with any of the defibrillation electrode pad of FIGS.
1A-1D;

[0036] FIG. 3 is a cross-sectional drawing of the defibril-
lation electrode pad of FIG. 1A taken along line 3-3;
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[0037] FIG. 4 is a cross-sectional drawing of the defibril-
lation pad of FIG. 1A taken along line 4-4;

[0038] FIG.5isa schematic diagram illustrating the circuit
interconnections between the defibrillation electrode pads of
FIGS. 1A-1D and the resuscitation control box of to FIG. 2;
[0039] FIG. 6 is a block diagram of the electronic circuitry
of an alternative embodiment;

[0040] FIG. 7 is a drawing of another embodiment of a
defibrillation electrode assembly;

[0041] FIGS. 8A-8C are diagrammatic views of three
embodiments of first and second units;

[0042] FIGS. 9A and 9B are drawings of two alternative
embodiments of an electrode pad assembly in which a handle
is provided for the rescuer; and

[0043] FIG. 10 is a drawing of a CPR assistance device in
accordance with an embodiment of the present invention.

DETAILED DESCRIPTION

[0044] Aspects and embodiments of the present invention
are not limited to the details of construction and the arrange-
ment of components set forth in the following description or
illustrated in the drawings. The invention is capable of other
embodiments and of being practiced or of being carried out in
various ways. Also, the phraseology and terminology used
herein is for the purpose of description and should not be
regarded as limiting. The use of “including,” “comprising,”
“having,” “containing,” “involving,” and variations thereof
herein is meant to encompass the items listed thereafter and
equivalents thereof.

[0045] FIG. 1A illustrates a defibrillation electrode pad 10
similar to those described in commonly owned Application
Publication No. US 2005/0131465, which is incorporated
herein by reference in its entirety. The defibrillation electrode
pad 10 includes a high-voltage apex defibrillation electrode
12 and a high-voltage sternum defibrillation electrode 14. The
defibrillation electrode pad 10 is placed on the subject’s chest
16 and includes a region 18 on which a user may press to
perform CPR. Legends on pad 10 indicate proper placement
of the pad with respect to the subject’s collarbones and the
chest centerline and the proper placement of the heel of the
rescuer’s hand. In some embodiments, the electrodes 12, 14
are also used to to monitor an electrocardiogram (ECG) sig-
nal of a subject.

[0046] A low-profile button panel 20 is provided on the
electrode assembly. Button panel 20 has buttons, including
buttons labeled “Airway” (Airway Help), “Breath” (Breath-
ing Help), “Circ” (Circulation Help) and “Pause.” and may
also include adjacent light emitting diodes (LEDs) 24 that
indicate which button has been most recently pressed. Button
panel 20 is connected by a cable 23 to a remote resuscitation
control box 26, shown in FIG. 2. Button panel 20 provides
rigid support underneath buttons “Airway,” “Breath,” “Circ,”
and “Pause” against which switches included in the buttons
can be pushed in order to ensure good switch closure while
the electrode pad 10 rests on a subject. Button panel 20
includes components that make electrical contact with silver/
silver-chloride electrical circuit components screen-printed
on a polyester base of defibrillation electrode pad 10, as is
described in detail below.

[0047] A pulse detection system 52 based on shining light
through the subject’s vascular bed, for example, a pulse oxim-
etry system, is incorporated into defibrillation electrode pad
10. In the defibrillation electrode pad of FIG. 1A, the pulse
detection system 52 is positioned on the side of the defibril-
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lation electrode pad 10 which, in use, is disposed against the
subject. In accordance with an aspect of the present invention,
rather than positioning the pulse detection system 52 in a
location displaced from a position where compression is
applied during CPR (for example, the region denoted by the
“X”1n F1G. 1A), the pulse detection system 52 may instead be
positioned proximate or beneath an area of the electrode pad
10 to which a rescuer may apply pressure while administering
CPR to the subject (FIG. 1B). In accordance with an aspect of
the present invention, where the pulse detection system is
positioned proximate the area to which compressions are
applied, the pulse detection system 52 may be utilized to
measure perfusion of the subject as well as the deperfusion
and reperfusion of an area of the subject’s chest that occurs
due to the compressions on the skin surface during the admin-
istration of CPR. The measurements of deperfusion and/or
reperfusion may be utilized to identify the effectiveness of the
CPR being performed. For example, if there is less than a
certain amount of deperfusion during the compression por-
tion of CPR administration, this may be indicative of too little
pressure being applied during the compression portion.
Under such conditions, the to defibrillation electrode pad 10
may be programmed to provide instructions to a rescuer to
increase the pressure and/or depth of chest compressions.
Further, a high rate of reperfusion during a relaxation portion
of CPR administration may be indicative of return of sponta-
neous circulation (ROSC) in the subject. Under such condi-
tions, the defibrillation electrode pad 10 (or electronic com-
ponents associated with the defibrillation electrode pad 10)
may provide instructions to a rescuer to check the subject for
signs of a pulse and/or to terminate the administration of
CPR. In some embodiments, the defibrillation electrode pad
10 (or electronic components associated with the defibrilla-
tion electrode pad 10) may periodically, for example, once
about every 12 compressions, instruct the rescuer to halt CPR
to provide sufficient time, for example, about two seconds, for
the pulse detection system to take a substantially noise-free
reading of the perfusion of the subject.

[0048] In some embodiments, the pulse detection system
52 comprises a pulse oximetry system which includes a red
light-emitting diode 70, a near-infrared light-emitting diode
72, and a photodetector diode 74 (see FIG. 5) incorporated
into defibrillation electrode pad 10 in a manner so as to
contact the surface of the subject’s chest 16. The red and
near-infrared light-emitting diodes 70, 72 emit light at two
different wavelengths, which is diffusely scattered through
the subject’s tissue and detected by the photodetector diode
74. The information obtained from the photodetector diode
74 can be used to determine whether the subject’s blood is
oxygenated, according to known noninvasive optical moni-
toring techniques.

[0049] In some embodiments, a pulse detection system 52
may include a pulse oximetry system including multiple sen-
sors, each including light-emitting diodes and photodetector
diodes, which monitor blood perfusion in different areas of a
subject’s chest. A first sensor may be placed proximate the
center of the defibrillation electrode pad 10, for example,
proximate or beneath the “X” illustrated in FIG. 1C, and one
or more other sensors could be placed proximate a periphery
of the compression area of the defibrillation electrode pad 10,
for example, proximate a periphery of region 18, and/or
proximate a periphery of the defibrillation electrode pad 10.
The use of a pulse oximetry system including multiple sen-
sors can provide information regarding how to quickly blood
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leaves and returns to the chest area in the zone of compression
of the subject during CPR during compression and/or relax-
ation phases of the CPR administration, to provide an indica-
tion of the motion of blood from one area to another beneath
the subject’s skin, and/or to provide a “map” of the degree of
blood perfusion across a selected area beneath the subject’s
skin.

[0050] In another embodiment, the pulse detection system
52 may include an impedance measurement system. As blood
enters a region beneath a subject’s skin, the impedance of the
subject’s skin in that region may decrease. A measurement of
the impedance, or a measurement of a change in impedance
across a portion of a subject’s skin, may thus provide an
indication of whether blood is entering and/or exiting from
the region beneath the measured portion of the subject’s skin.
The impedance measurement system may include at least two
electrodes 53 configured and arranged to contact the subject’s
skin. The electrodes may be positioned on a surface of the side
of the defibrillation electrode pad 10 which, in use, is dis-
posed against the subject and may be configured to make
electrical contact with the surface of the skin of the subject.
Monitoring and control electronics associated with the
defibrillation electrode pad 10, described below, may include
circuitry in communication with the electrodes to measure
and analyze the impedance of the subject’s skin. In some
embodiments, three or more electrodes may be utilized in the
impedance measurement system. The electrodes may be
arranged in a grid-like formation as illustrated in FIG. 1D.
The use of multiple electrodes may allow for the impedance
measurement system to provide an indication of the motion of
blood from one area to another beneath the subject’s skin
and/or to provide a “map” of the degree of blood perfusion
across a selected area beneath the subject’s skin. The multiple
electrodes may be arranged in an array, for example, a grid-
like array, and may form an electric field sensor or electric
field imaging device capable of monitoring perfusion of the
subject. Electric field sensors are well known and operate in
accordance with the principals described in, for example,
Joshua Smith et al., Electric Field Sensing for Graphical
Interfaces, Computer Graphics and Applications, Vol. 18,
No. 3, 54-61, (1998) and Joseph A. Paradiso et al., Musical
Applications of Electric Field Sensing, Computer Music Jour-
nal, Vol. 21, No. 269-89 (1997). Anto example of a commer-
cially available electric field imaging device is the model
number 33794 electric field imaging device available from
Freescale Semiconductor, Inc.

[0051] In another embodiment, the pulse detection system
52 includes a phonocardiogram system for listening to the
sound of the subject’s heart in addition to or instead of a pulse
oximetry and/or impedance measurement system. The
phonocardiogram system may include a microphone and an
amplifier incorporated within the electrode pad. Because a
heart sound can be confused with microphone noise, the
signal processing that must be performed by the micropro-
cessor inside the control box will be more difficult in connec-
tion with a phonocardiogram system than in connection with
a pulse oximetry system. Nevertheless, there are programs
available that can enable the microprocessor to determine
whether an ECG signal is present as opposed to microphone
noise.

[0052] Pulse oximetry is a well-developed, established
technology, but it requires good contact between the light
sources and the subject’s skin so that light can shine down
into the subject’s vascular bed. Many subjects may have a
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significant amount of chest hair, which can interfere with
good contact. It may be desirable for different types of elec-
trode pads to be available at a given location (one having a
pulse oximetry system and one having a phonocardiogram
system) so that a rescuer can select an appropriate electrode
pad depending on the nature of the subject.

[0053] In some embodiments, a pulse detection system as
described above may be utilized in systems other than a
defibrillation electrode pad 10. For example, a pulse detection
system as described above may be provided in a system that
does not include defibrillation electrodes. Such systems
include CPR assistance devices, for example, the Pock-
etCPR® CPR assistance device available from ZOLL Medi-
cal Corp. Examples of CPR assistance devices are disclosed
inU.S. Pat. Nos. 7,245,974, 8,096,962, 6,390,996, 6,782,293,
7,108,665, 7,118,542, and 7,122,014.

[0054] One particular example of a CPR assistance device
300 isillustrated in FIG. 10 in perspective view with the cover
removed to reveal the internal components. The CPR assis-
tance device 300 comprises a circular base 336 having an
outer flange portion 337. Mounted on base 336 is a circuit
board 338. Circuit board 338 is fixed to base 336 by fasteners
340. The CPR assistance device 300 includes a displacement
detector 312 such as an accelerometer coupled to an external
microprocessor via an interface 326. The CPR assistance
device 300 includes a signaling mechanism comprising an
audible indicator (i.e., a speaker) 318, which has an input
connected to the microprocessor via interface 326. A DC
voltage power supply 320 is included in the body of the CPR
assistance device. The DC voltage power supply 320 provides
a DC voltage for powering the various components of the
illustrated CPR assistance device 300, including the above-
noted displacement detector 312 and audible indicator 318.
Tilt compensation devices are provided which include a first
gyroscope 324 and a second gyroscope 325. The first gyro-
scope 324 and second gyroscope 325 each include outputs
connected to the microprocessor via interface 326. The CPR
assistance device 300 may also include one or more pulse
detection systems 52. Where multiple pulse detection sys-
tems are used, one may be disposed in a central region of the
CPR assistance device, and another disposed in a peripheral
region as shown in FIG. 10.

[0055] In another example, a pulse detection system as
described herein may be included in a chest compression belt
such as is disclosed in U.S. Pat. No. 7,131,953, titled CPR
ASSIST DEVICE ADAPTED FOR ANTERIOR/POSTE-
RIOR COMPRESSIONS, issued Nov. 7, 2006, which is
incorporated herein by reference in its entirety. Pulse detec-
tion systems as described above may be used in any of various
treatment systems and are not limited to use in the embodi-
ments disclosed herein.

[0056] Inanother embodiment, instead of providing a low-
profile button panel, a button housing can be provided that is
affixed to an edge of the defibrillation electrode. The housing
may be in the form of a clamshell formed of single molded
plastic element having a hinge at an edge of the clamshell
around which the plastic bends. The two halves of the clam-
shell can be snapped together around the electrode assembly.
[0057] The resuscitation control box (FIG. 2) includes an
internal charge storage capacitor and associated circuitry
including a microprocessor, and further includes off/on dial
28, and a “READY” button 30 that the rescuer presses imme-
diately prior to to application of a defibrillation shock in order
to ensure that the rescuer is not in physical contact with the
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subject. The microprocessor may be a RISC processor such as
a Hitachi SH-3, which can interface well with displays and
keyboards, or more generally a processor capable of handling
DSP-type (digital signal processing) operations.

[0058] The resuscitation control box has printed instruc-
tions 32 on its front face listing the basic steps A, B, and C for
resuscitating a subject and giving basic instructions for posi-
tioning the defibrillation electrode pad on the subject. A
speaker included in the resuscitation control box orally
prompts the user to perform various steps, as is described in
detail below.

[0059] For example, the resuscitation control box instructs
the user, by audible instructions and/or through a display 34
on the resuscitation control box, to check the subject’s airway
and perform mouth-to-mouth resuscitation, and if the sub-
ject’s airway is still blocked, to press the “Airway” (Airway
Help) button on the button panel (FIG. 1A), upon which the
resuscitation control box gives detailed prompts for clearing
the subject’s airway. If the subject’s airway is clear and the
subject has a pulse but the subject does not breathe afterinitial
mouth-to-mouth resuscitation, the resuscitation control box
instructs the user press the “Breath” (Breathing Help) button,
upon which the resuscitation control box gives detailed
mouth-to-mouth resuscitation prompts. If, during the detailed
mouth-to-mouth resuscitation procedure, the rescuer checks
the subject’s pulse and discovers that the subject has no pulse,
the resuscitation control box instructs the user to press the
“Cire” (Circulation Help) button.

[0060] During the circulation procedure, the resuscitation
control box receives electrical signals from the defibrillation
electrodes and determines whether defibrillation or CPR
should be performed. If the resuscitation control box deter-
mines that defibrillation is desirable, the resuscitation control
box instructs the user to press the “READY” button on the
resuscitation control box and to stand clear of the subject.
After a short pause, the resuscitation control box causes a
defibrillation pulse to be applied between the electrodes. If at
any point the resuscitation control box determines, based on
the electrical signals received from the electrodes, that CPR is
desirable, it will instruct the user to perform CPR.

[0061] In the described embodiment, the controls for the
system may be disposed on the electrodes attached to the
subject rather than the resuscitation control box. This is
important because it enables the rescuer to remain focused on
the subject rather than the control box. The resuscitation
control box gets its information directly from the electrodes
and the controls on the electrodes.

[0062] The resuscitation control box can sense electrical
signals from the subject’s body during pauses between CPR
compressions. Also, as is described below, a compression or
displacement-sensing element 55 as shown in FIGS. 1A-1D,
such as an accelerometer or a force-sensing element, may be
provided in the region of the defibrillation electrode pad on
which the user presses to perform CPR. The purpose of the
compression or displacement-sensing or force-sensing ele-
ment 55 is to allow the resuscitation control box to prompt the
user to apply additional compression or force, to vary the
depth or rate of chest compressions, or to prompt the user to
cease CPR if the user is performing CPR at an inappropriate
point in time.

[0063] Referring to FIG. 4, in one embodiment, each elec-
trode 12, 14 (only electrode 12 is shown) of defibrillation
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electrode pad 10 includes a polymer-based ink containing a
silver/silver-chloride suspension, which is screen-printed on
a polyester or plastic base 36.

[0064] The ink is used to carry the defibrillation current.
The screen-printing process first involves applying a resist
layer to the polyester base 36. The resist layer is basically a
loose mesh of nylon or the like, in which the holes have been
filled in at some locations in the mesh. Then, the silver/silver-
chloride ink is applied as a paste through the resist layer in a
squeegee-like manner. The ink squeezes through the screen
and becomes a solid layer. The ink may then be cured or dried.
The silver/silver-chloride ink provides good conductivity and
good monitoring capabilities.

[0065] Thus, the ink can be applied as pattern, as opposed to
asolid sheet covering the entire polyester base. For example,
U.S. Pat. No. 5,330,526 describes an electrode in which the
conductive portion has a scalloped or daisy shape that
increases the circumference of the conductive portion and
reduces burning of the subject. A conductive adhesive gel 38
covers the exposed surface of each electrode.

[0066] In addition, electrical circuit components may also
be screen printed on the base, in the same manner as flat
circuit components of membrane-covered, laminated panel
controls. Referring to FIG. 3, a rigid piece 40 of hard plastic,
such as PVC or polycarbonate, is laminated beneath substrate
36 and supports buttons “Airway,” “Breath,” “Circ,” and
“Pause.” The rigid plastic piece 40 is glued onto substrate 36.
Buttons “Airway,” “Breath,” “Circ,” and “Pause” consist of
small metal dome snap-action switches that make contact
between an upper conductive ink trace 42 and lower conduc-
tiveink traces 44, 46, 48, and 50. Buttons “Airway,” “Breath,”
“Circ,” and “Pause” serve as controls that can be activated by
the user that are physically located either on or immediately
adjacent to the electrode assembly itself. Each of buttons
“Airway,” “Breath,” “Circ,” and “Pause” may be associated
with an adjacent light-emitting diode (LED). For example,
LEDs may be glued, using conductive epoxy, onto silver/
silver-chloride traces on substrate 36. An embossed polyester
laminate layer 54 covers conductive ink trace 42 of buttons
“Airway,” “Breath,” “Circ,” and “Pause,” and a foam layer 56
is laminated beneath rigid plastic piece 40.

[0067] Referring again to FIG. 4, defibrillation electrode
pad 10 includes an extension piece that is placed directly over
the location on the subject’s body where the rescuer performs
chest compressions. This extension piece includes substrate
36, and a semi-rigid plastic supporting member 58 laminated
underneath substrate 36 that covers the chest compression
area. Semi-rigid supporting member 58 provides somewhat
less rigidity than rigid plastic piece 40 provided at the location
of buttons “Airway,” “Breath,” “Circ,” and “Pause” (illus-
trated in F1G. 3).

[0068] In embodiments having a force-sensing element, a
polyester laminate 60, and a force-sensing resistor having two
layers of carbon-plated material 62 and 64, are laminated
between polyester substrate 36 and semi-rigid supporting
member 58. A suitable construction of the force-sensing
resistor is illustrated in the FSR Integration Guide & Evalu-
ation Parts Catalog with Suggested Electrical Interfaces, from
Interlink Electronics. The electrical contact between the two
carbon-plated layers of material increases with increased
pressure, and the layers of force-sensing resistive material
can provide a generally linear relationship between resistance
and force. Conductive ink traces 66 and 68 provide electrical
connections to the two layers of the force-to sensing resistor.
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[0069] During chest compressions, the rescuer’s hands are
placed over the extension piece, and the force-sensing resistor
of the extension piece is used to sense the force and the timing
of the chest compressions. The force-sensing resistor pro-
vides information to the resuscitation control box so that the
resuscitation control box can provide the rescuer with feed-
back if the rescuer is applying insufficient force. The resus-
citation control box also provides coaching as to the rate at
which CPR is performed. In certain situations, the resuscita-
tion control box indicates to the rescuer that CPR should be
halted because it is being performed at an inappropriate time,
such as immediately prior to application of a defibrillation
shock when the rescuer’s hands should not be touching the
subject, in which case the resuscitation control box will also
indicate that the rescuer should stay clear of the subject
because the subject is going to experience a defibrillation
shock.

[0070] Asisnoted above, during CPR the rescuer pushes on
the subject’s chest through the extension piece in the vicinity
of the electrodes 12, 14. If the resuscitation control box were
to perform analysis during the chest compressions, the chest
compressions would be likely to affect the sensed electrical
rhythm. Instead, during pauses between sets of compressions
(for example, during a pause after every fifth chest compres-
sion), the resuscitation control box can perform an electro-
cardiogram (ECG) analysis. The resuscitation control box
might discover, for example, that a subject who is undergoing
CPR and was exhibiting a non-shockable rhythm such as
bradycardia is now exhibiting ventricular fibrillation. In such
an instance, the resuscitation control box would instruct the
rescuer to stop performing CPR so as to allow the resuscita-
tion control box to perform more analysis and possibly apply
one or more shocks to the subject. Thus, the rescuer is inte-
grated into a sophisticated scheme that allows complex com-
binations of therapy.

[0071] In other embodiments, a compression-sensing ele-
ment such as an accelerometer 55 may be used in addition to
or in place of a force-sensing element. In some embodiments,
the accelerometer, such as a solid-state ADXL.202 acceler-
ometer, is positioned at the location where the rescuer pet-
forms chest compressions, for example, proximate or beneath
the “X” illustrated in FIGS. 1A-1D. In these embodiments,
the microprocessor obtains acceleration readings from the
accelerometer 55 at fixed time intervals such as one-millisec-
ond intervals, and the microprocessor integrates the accelera-
tion readings to provide a measurement of chest compression.
The use of an accelerometer is based on the appreciation that
it may be more important to measure how deeply the rescuer
is compressing the chest than to measure how hard the rescuer
is pressing. Every subject’s chest will have a different com-
pliance, and it has been found that a subject’s chest should be
compressed about an inch and a half'to two inches in a normal
sized adult regardless of the subject’s chest compliance for
CPR to be most effective.

[0072] Insomeembodiments, a signal from a displacement
monitor, for example, the force-sensing element and/or accel-
erometer 55 described above may be utilized to time mea-
surements performed by the pulse detection system. Moni-
toring and control electronics in, for example, the
resuscitation control box may perform a measurement of
blood perfusion of an area of the subject’s chest (or other
body region) responsive to a signal from the displacement
monitor indicative of a desired portion of a CPR administra-
tion cycle being achieved. For example, a blood perfusion
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measurement may be taken by the pulse detection system 52
when the displacement monitor indicates that the chest ofthe
subject is in a fully relaxed portion of a CPR cycle. The pulse
detection system may be utilized to determine if the subject
has experienced the return of pulsatile perfusion while the
chest is in a relaxed state. In some embodiments, the rescuer
may be prompted by the system, for example, by the resus-
citation control box, to suspend CPR for a time period of, for
example, about two seconds while the pulse detection system
determines if the subject has experienced the return of pulsa-
tile perfusion. Based on the measurement by the pulse detec-
tion system, the rescuer may be prompted by the system, for
example, by the resuscitation control box, to resume CPR
and/or, for example, if pulsatile perfusion is not detected, orif
some pulsatile perfusion were detected, to take a pulse mea-
surement. By providing prompts to the rescuer to take a pulse
measurement only when there is an indication that one may be
present, for example, due to the presence of an indication of
pulsatile perfusion, unnecessary and potentially harmful ces-
sations of CPR to check for a pulse may be avoided when it is
unlikely that one is present.

[0073] A blood perfusion measurement may additionally
or alternatively be taken by the pulse detection system 52
when the displacement monitor indicates that the chest ofthe
subjectis in a fully compressed (apex) portion ofa CPR cycle.
The difference in blood perfusion under the compressed and
relaxed conditions of the subject’s chest may provide useful
information regarding the degree to which the subject’s heart
has begun to beat on its own and/or of the onset of the return
of spontaneous circulation (ROSC).

[0074] Inother embodiments, the pulse detection measure-
ment using the pulse detection system 52 and/or impedance
measuring electrodes may be initiated responsive to the dis-
placement monitor providing a signal indicative of a state of
compression of a subject’s chest at one or more intermediate
points between a fully compressed state and a fully relaxed
state. The pulse detection measurement may also be taken
during the time that a compression is being performed or
during a time in which a relaxation portion of a CPR cycle
being performed as indicated by a signal from the displace-
ment monitor. Further, the pulse detection measurement can
be used as additional feedback to a rescuer regarding the
quality of the CPR being performed and may be used to
modify instructions provided to the rescuer regarding the
performance of the CPR.

[0075] Where multiple pulse detection systems 52 are used,
a difference in perfusion between different areas of the sub-
ject and/or a rate of flow of blood from one area of the
subject’s body to another, for example, from one region ofthe
subject’s chest to another, may be monitored. The difference
in perfusion between different areas of the subject and/or a
rate of flow of blood from one area of the subject’s body to
another may be analyzed and may provide information
regarding the effectiveness of the CPR being performed, the
degree to which the subject’s heart has begun to beat on its
own, and/or of the onset of ROSC.

[0076] A displacement monitor may be utilized in conjunc-
tion with a pulse detection system as described above in any
of a defibrillation electrode pad 10, a mechanically assisted
chest compression device, or any other CPR assistance or
treatment device.

[0077] FIG. 5is a schematic diagram illustrating the circuit
interconnections between the defibrillation electrode pad of
any of FIGS. 1A-1D through the cable 23 to the to resuscita-
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tion control box of FIG. 2. Sternum electrode 14 is connected
to HV + at the resuscitation control box, and apex electrode 12
is connected to HV-. A ground GND is connected to the
upper conductive ink trace of buttons “Airway,” “Breath”
(labeled as “Breathing™ in FIG. 5), “Circ,” and “Pause” and to
one of the layers of the force-sensing resistor.

[0078] The other layer of the force-sensing resistor is con-
nected to CPR_FORCE, and the lower conductive ink traces
associated with buttons “Airway,” “Breath” (labeled as
“Breathing” in FIG. 5), “Circ,” and “Pause” are connected to
BUTTON_DETECT through resistors R1,R2,R3. andR4. In
addition to, or as an alternative to the use of a force-sensing
resistor, a compression-sensing accelerometer 76 may be
employed, in which case CPR_FORCE is augmented or
replaced by CPR_ACCEL connected to accelerometer 76.
Red light-emitting diode 70, near-infrared light-emitting
diode 72, and photodetector diode 74 of the pulse oximetry
system are connected to RLED, ILED, and ISENSE respec-
tively, as well as ground AGND. In addition to, or as an
alternative to the use of a pulse oximetry system, a phonocar-
diogram system may be employed, in which case RLED,
ILED, and ISENSE are augmented or replaced by SENSE
connected to microphone 78 and amplifier 80.

[0079] The combined defibrillation and CPR resuscitation
assembly provided can beless intimidating than conventional
AEDs because the assembly is not devoted solely to defibril-
lation. Moreover, the resuscitation assembly is less intimidat-
ing because it accommodates common skill retention prob-
lems with respect to necessary techniques ancillary to
defibrillation such as mouth-to-mouth resuscitation and CPR,
including the appropriate rates of chest compression, the
proper location for performing compressions, and/or the
proper manner of tilting the subject’s head. In addition,
because the rescuer knows that it may never even be necessary
to apply a defibrillation shock during use of the resuscitation
assembly, the rescuer may be more comfortable using the
resuscitation assembly for mouth-to-mouth resuscitation and
CPR. Unlike previous CPR prompting devices, the rescuer
would be required to place the electrode assembly on top of
the subject, but the rescuer would do this with the belief that
the resuscitation assembly will be sensing the subject’s con-
dition and that the likelihood that the resuscitation assembly
is actually going to apply a shock is low.

[0080] If, during a resuscitation process, the resuscitation
control box instructs the rescuer to press the “READY”” but-
ton so that a defibrillation shock can be applied, the rescuer
will likely feel comfortable allowing the shock to be applied
to the subject. The resuscitation assembly tells the rescuer
what to do, and, given that the rescuer is already using the
assembly, the rescuer is likely to do what the rescuer is told to
do. The rescuer will be likely to view the resuscitation assem-
bly as being a sophisticated CPR prompting device with an
additional feature incorporated into it, and since rescuers are
less likely to be intimidated by CPR prompting devices than
AEDs, they will be likely to use the resuscitation assembly
when it is needed.

[0081] FIGS. 6, 7, and 8A-8C show alternative embodi-
ments in which an electrode pad assembly 10 is connected by
a cable 212 to a first unit 214 containing the electronics for
CPR prompting and resuscitation control. Another cable 216
connects the first unit to a second unit 218 containing the
electronics for defibrillation and pacing therapy. A third cable
220 could be provided for making a direct connection from
the second unit to the electrodes (FIG. 8B). The first unit 214
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could be configured to receive the second unit 218 as an
inserted module (FIG. 8C), in which case the electrical con-
nection between the units are made internally without the use
of cable 216. The primary function of the first unit 214 is to
provide processing and control for CPR functions such as
CPR prompts. The primary function of the second unit 218 is
to provide processing and control of electrical therapy func-
tions. The first unit includes a CPR processor 170, a battery
178, ECG circuitry 177 for amplifying and filtering the ECG
signal obtained from the defibrillation pads 12, 14, a micro-
phone 78 for recording the rescuer’s voice as well as ambient
sounds, an accelerometer 76, a real time clock 187, and a
speaker 182 for delivering prompts to the rescuer. As shown,
the first unit may further include at least one pulse detection
unit 52. The CPR processor 170 may be configured to receive
input from the accelerometer 76, and based on that input, to
instruct the at least one pulse detection system 52 to make a
perfusion measurement based on whether the subject’s chest
is in a compressed state, a relaxed state, in an intermediate
state, or during compression or relaxation of the subject’s
chest as desired. The second unit includes a therapy to pro-
cessor 171, a battery 179, buttons and controls 180, and
memory 191.

[0082] The first unit could also be incorporated into the
electrode pad assembly rather than being a separate box. The
electronics could be provided on the rigid substrate 40 of the
electrode pad assembly (FIG. 1).

[0083] Separate batteries 178, 179 and controls 180 may be
provided for the first (CPR) and second (therapy) units,
thereby allowing the electronics in the first unit to provide
CPR prompting to the operator without the need for the sec-
ond unit. The cable 216 that connects the first and second
units may be detachable. Memory 189 is provided in the first
unit for storing information such as voice recording, ECG
data, chest compression data, perfusion data, or electronic
system status such as device failures that occur during daily
self checks of the electronics initiated by a real time clock
circuit.

[0084] The defibrillation electrode pad assembly 10 may
incorporate defibrillation electrodes composed of a material
that can be held against a subject’s skin for extended periods
of time (for example, up to 30 days).

[0085] Asshownin FIGS. 9A and 9B, the pad assembly 10
may also incorporate features on its upper surface facing the
rescuer that provide a handle 195 for the rescuer during per-
formance of CPR. The handle could take the form of a fabric
loop (FIG. 9B) or a more rigid polymer member (FIG. 9A).
The fabric could be sewn or adhered by adhesive or ultrasonic
bonding to the pad 10 (FIG. 9B). The polymer handle could
also be bonded by adhesive or ultrasonic bonding to the pad
(FIG.9A). It has been shown in studies that the maintenance
of pressure on the chest during the decompression phase of
chest compression results in a significant decrease in the
effectiveness of the chest compressions. The handle 195
motivates the rescuer to pull up at least slightly during the
decompression phase. The adhesive gel of the electrode pad,
or other adhesive, can extend under the region where the
rescuer’s hands are placed during compression thus provid-
ing adhesion of the pad to the skin while the rescuer pulls on
the handle during the decompression phase. Pulling up on the
chest during the decompression phase has been shown to
heighten negative intrathoracic pressure, increasing venous
return and thus increasing blood flow during chest compres-
sions.
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[0086] In another embodiment, the first unit may be
adapted to be supported by the subject for long periods of
time. The unit could be incorporated into the electrode pad
assembly as suggested above, or it could be a separate unit
configured to be worn by the subject. In such an embodiment,
the electronics of the first unit are designed to allow for long
term monitoring of the subject’s condition via the ECG 177
and/or other physiological monitoring circuitry. If a physi-
ological condition is detected that is deemed hazardous to the
subject by the CPR processor 170, based on analysis of the
ECG and/or other physiological parameters, an alarm is
sounded to the subject via the speaker 182.

[0087] An activity sensor and associated circuitry can
inform the CPR processor of whether the subject is moving.
For example, accelerometer 76 could serve as the activity
sensor, and detect whether or not the subject is moving. Sub-
ject motion may be detected using a variety of different algo-
rithms, including, for example, the following: the accelera-
tion signal is integrated over one-second intervals to provide
an estimate of velocity; velocity is integrated over the same
one-second intervals to provide an estimate of displacement;
the root means square velocity is calculated for each one-
second interval; if either the RMS velocity exceeds a prede-
termined value, for example, about 0.2 cm/s or the peak
displacement exceeds a predetermined value, for example,
about 0.5 cm, the subject is determined to be moving.
[0088] If the algorithm determines that a cardiac emer-
gency event is occurring, the first unit can send a message
directly to a medical emergency response system, such as
911. This can be done using a variety of known communica-
tion techniques, for example, Bluetooth, cellular phone, or
Ultra Wideband (UWB). If the activity sensor has determined
that the subject is still moving during the cardiac emergency,
the unit could also issue a prompt indicating, for example,
“Call 911 Immediately!”

[0089] The first unit will be able to determine the orienta-
tion of the subject, for example, based on a signal output from
the accelerometer. It can detect if a subject has fallen down
and initiate a message to the emergency system. It can also
determine whether the subject is lying on their back; the
proper orientation for doing CPR. Thus, a specific prompt can
be provided to the rescuer that tells them to roll the subject on
their back priorto beginning CPR, should the device detect an
improper orientation of the subject.

[0090] The second unit 218 may in some embodiments be
thought of as an energy delivery unit (EDU), in which case it
would incorporate a defibrillator 173, pacer 172, or other
electrical therapy 174. In some embodiments, the EDU would
be small and light enough to be worn in a harness or belt to be
carried around continuously by the subject. The EDU 218
may in some cases not contain a therapy processor 171, but be
a “dumb” device that requires the controls provided by con-
nection to the processor in the first (CPR) unit, for example,
on the defibrillator pad 10, to deliver electrical therapy to the
subject.

[0091] Many other embodiments of the invention other
than those described above are within the invention, which is
defined by the following claims. For example, the defibrilla-
tion pads 10, 12 may be separable from the CPR-prompting
first unit and be connected at the time that the EDU is brought
to the scene; the defibrillation pads may be connected both
electrically and mechanically to the CPR-prompting first unit
atthattime. A greater amount of the control functionality may
be put into the first unit, leaving essentially only the circuitry
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for providing the defibrillation pulses in the second unit. The
first unit may be incorporated into the defibrillation electrode
pad assembly, or made a separate unit connected to the pad
assembly by one or more cables. The second unit may connect
to the first unit by one or more cables, or by a wireless
connection. The defibrillation pulses may pass through the
first unit, or be routed directly to the defibrillation electrodes
via one or more cables running from the second unit to the
electrodes. The second unit may connect to the first unit by
being plugged into the first unit, without the need for a cable
(forexample, the second unit could be a defibrillation module
that plugs into the first unit).

[0092] Insomeembodiments the second (therapy) unit can
provide pacing therapy as well as defibrillation therapy. Pulse
detection methods other than pulse oximetry, impedance
sensing, impedance tomography, or a phonocardiogram, for
example, a blood pressure monitor 188 may be employed.
Any method capable of detecting a subject’s pulse can be
used for pulse detection.

[0093] Having thus described several aspects of at least one
embodiment of this invention, it is to be appreciated various
alterations, modifications, and improvements will readily
occur to those skilled in the art. For example, it is to be
appreciated that any of the features of'any of the embodiments
disclosed herein may be combined or substituted for features
of any other embodiment disclosed herein. Such alterations,
modifications, and improvements are intended to be part of
this disclosure, and are intended to be within the scope of the
invention. Accordingly, the foregoing description and draw-
ings are by way of example only.

What is claimed is:

1. A resuscitation device comprising:

a displacement monitor;

a blood perfusion monitor; and

aprocessor in communication with the displacement moni-

tor and the blood perfusion monitor, the processor con-
figured to initiate a measurement of blood perfusion
using the blood perfusion monitor responsive to a signal
received from the displacement monitor.

2. The resuscitation device of claim 1, wherein the resus-
citation device is configured to be disposed on a chest of a
subject, and wherein the processor is further configured to:

analyze the signal received from the displacement monitor;

determine a point in a CPR compression-relaxation cycle
being performed on the subject based upon a result of the
analysis; and

initiate the measurement of blood perfusion responsive to a

determination that the point in the CPR compression-
relaxation cycle is at a predefined point.

3. The resuscitation device of claim 2, wherein the prede-
termined point corresponds to the chest of the subject being in
arelaxed state.

4. The resuscitation device of claim 3, wherein the proces-
sor is further configured to initiate a second measurement of
blood perfusion responsive to a determination that the CPR
compression-relaxation cycle is at a second point, the second
point corresponding to the chest of the subject being in a
compressed state.

5. The resuscitation device of claim 4, wherein the proces-
sor is further configured to prompt a CPR administrator to
check a pulse of the subject responsive to a result of a com-
parison between the first measurement of' blood perfusion and
the second measurement of blood perfusion.
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6. The resuscitation device of claim 3, wherein the proces-
sor is further configured to prompt a CPR administrator to
check a pulse of the subject responsive to a result of the first
measurement of blood perfusion.

7. The resuscitation device of claim 1, wherein the dis-
placement monitor comprises an accelerometer.

8. The resuscitation device of claim 1, wherein the blood
perfusion monitor is disposed on a portion of the resuscitation
device to which chest compressions are applied during
administration of CPR.

9. The resuscitation device of claim 8, wherein the blood
perfusion monitor comprises an optical pulse oximetry sys-
tem.

10. The resuscitation device of claim 9, wherein the optical
pulse oximetry system comprises a plurality of optical sen-
sors disposed at different locations on the portion of the
resuscitation device to which chest compressions are applied
during administration of CPR.

11. The resuscitation device of ¢laim 8, wherein the blood
perfusion monitor comprises a plurality of electrodes config-
ured to electrically contact skin of the subject and the device
includes circuitry configured to determine an impedance
between at least one pair of the plurality of electrodes.

12. The resuscitation device of claim 1, further comprising
an electrode pad including a pair of defibrillation electrodes,
the displacement monitor, and the blood perfusion monitor.

13. The resuscitation device of claim 1, wherein the dis-
placement monitor, the blood perfusion monitor, and the pro-
cessor are integrated in an integral CPR assistance and feed-
back device.

14. A method of treating a subject using a resuscitation
device, the method comprising:

determining at least one point in a CPR compression-re-

laxation cycle at which to measure perfusion of the
subject, the CPR compression-relaxation cycle includ-
ing a compression phase and a relaxation phase;

monitoring information indicative of displacement of a

chest of the subject during performance of the CPR
compression-relaxation cycle using the resuscitation
device; and
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measuring the perfusion of the subject using the resuscita-
tion device in response to the monitored information
corresponding to the at least one point in the CPR com-
pression-relaxation cycle.

15. The method of claim 14, wherein the at least one point
corresponds to the chest of the subject being in a relaxed state.

16. The method of claim 15, further comprising:

instructinga CPR administrator to temporarily delay appli-

cation of another CPR compression-relaxation cycle
prior to measuring the perfusion.

17. The method of claim 14, wherein determining the at
least one point includes determining a first point correspond-
ing to the chest of the subject being in a relaxed state and
determining a second point corresponding to the chest of the
subject being in a compressed state.

18. The method of claim 14, further comprising prompting
arescuer to check a pulse of the subject responsive to a result
of the measurement of perfusion.

19. The method of claim 14, wherein measuring the perfu-
sion of the subject comprises monitoring the perfusion of the
subject at a plurality of points in the CPR compression-relax-
ation cycle.

20. The method of claim 19, wherein measuring the perfu-
sion of the subject further comprises determining a difference
in perfusion between at least two of the plurality of points in
the CPR compression-relaxation cycle.

21. The method of claim 14, wherein measuring the perfu-
sion of the subject comprises performing a measurement of
an impedance across a portion of skin of the chest of the
subject.

22. The method of claim 14, further comprising delivering
a defibrillation shock to the subject.

23. The method of claim 14, wherein measuring the perfu-
sion of the subject comprises monitoring the perfusion of the
subject at a plurality of physical locations on the subject.

24. The method of claim 23, wherein a first physical loca-
tion of the plurality of physical locations is proximate a center
of a CPR compression region and a second physical location
of the plurality of physical locations is proximate a periphery
of the CPR compression region.

ok % k&



patsnap

TREMOF) ERETRENFZE , BIEEEHENEE
[F(RE)E US20140378782A1 [ (r&)B
RiES US14/313772 RiEH
FRBREEFAAGRER) SREFEFRAH
B (TR AGE) ZOLLEST A 7|
HABRBEMNAGE) ZOLLEFTAF
HRIZBBA HERKEN ULRICH
FREEMAN GARY A
KB A HERKEN, ULRICH
FREEMAN, GARY A.
IPCH%(S A61B5/026 A61B5/00 A61B5/11 A61B5/1455 A61N1/39 A61B5/0205
CPCH%%E A61B5/026 A61N1/3987 A61B5/6823 A61B5/11 A61B5/14551 A61B5/0205 A61B5/02 A61B5/0402

A61B5/0531 A61B5/0536 A61B2505/01 A61H31/004 A61H2201/10 A61H2201/1621 A61H2201/5058
A61H2205/084 A61H2230/045 A61H2230/208 A61H2230/655 A61N1/36135 A61N1/365 A61N1/36521
AB61N1/36557 A61N1/36564 A61N1/36585 A61N1/39 A61N1/3962 A61B5/02438 A61B5/0245 A61B5
/14552 A61B5/4836 A61B5/6887 A61B2562/0219 A61B2562/0252 A61B2562/164 A61N1/046 AG61B5

/0036
R 5 61/839233 2013-06-25 US
ShEBEEEE Espacenet  USPTO

BEGF)

EXNTFFTHER OB ZIRERITETTN A ENMRGE. £ —NRE)
FLRHET -HEFRRE. EXEESEUBENS  MARETEN
27, AR SR B A % Wl 2R AN M X MMM BR VAL B BR . BRI E
J90E BT ML S SRR N B 5, A R EE WS U BR R 3 I R O
HME,



https://share-analytics.zhihuiya.com/view/91be2a04-3464-4b27-b0eb-4e8c9a9f7be8
https://worldwide.espacenet.com/patent/search/family/052111458/publication/US2014378782A1?q=US2014378782A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220140378782%22.PGNR.&OS=DN/20140378782&RS=DN/20140378782

