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SYSTEM AND METHOD FOR
CARDIOPULMONARY RESUSCITATION

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit
of Provisional Application No. 62/215,300, entitled “SYS-
TEM AND METHOD FOR CARDIOPULMONARY
RESUSCITATION,” filed Sep. 8, 2015, which is incorpo-
rated by reference herein in its entirety for all purposes.

BACKGROUND

[0002] The present disclosure relates generally to cardio-
pulmonary resuscitation and, more particularly, to sensors
and/or monitors and/or algorithms configured to assist a
person in performing cardiopulmonary resuscitation.
[0003] This section is intended to introduce the reader to
various aspects of art that may be related to various aspects
of the present disclosure, which are described and/or
claimed below. This discussion is believed to be helpful in
providing the reader with background information to facili-
tate a better understanding of the various aspects of the
present disclosure. Accordingly, it should be understood that
these statements are to be read in this light, and not as
admissions of prior art.

[0004] In many medical emergencies, a person’s heart
may stop pumping on its own. The person may need
emergency resuscitation, such as cardiopulmonary resusci-
tation (CPR) to sustain the life of the person by manually
maintaining intact brain function. Typically, CPR involves
manually pumping the chest (i.e., chest compressions) to
force blood through the cardiovascular system to organs
such as the brain. CPR also involves occasionally blowing
oxygenated air (i.e., administered breaths or artificial respi-
ration) into the lungs of the person so that oxygen may be
absorbed into the bloodstream. However, the person admin-
istering the CPR, whether a trained emergency responder or
a person with little training or experience in administering
CPR, has little to no feedback as to the effectiveness of the
CPR (e.g., quality of chest compressions or applied breaths)
being administered. Consequently, the CPR may not be
administered as effectively as possible.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Advantages of the disclosed techniques may
become apparent upon reading the following detailed
description and upon reference to the drawings in which:
[0006] FIG. 1 is a perspective view of an embodiment of
a medical monitoring system, in accordance with an aspect
of the present disclosure;

[0007] FIG. 2 is a block diagram of the medical monitor-
ing system of FIG. 1, in accordance with an aspect of the
present disclosure;

[0008] FIG. 3 is a graphical representation of a plethys-
mography signal during administration of CPR;

[0009] FIG. 4a is a graphical representation of an electro-
cardiogram (ECG) signal over a period of time;

[0010] FIG. 4b is a graphical representation of a plethys-
mography signal over the period of time of FIG. 4a;
[0011] FIG. 5a is a graphical representation of an ECG
signal having CPR artifact;
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[0012] FIG. 54 is a graphical representation of a modulus
maxima scalogram corresponding to the ECG signal of FIG.
Sa;

[0013] FIG. 6 is a graphical representation of a reordered
coeflicient curve that may be generated using coeflicients
obtained from a modulus maxima scalogram;

[0014] FIG. 7 is a process flow diagram of an embodiment
of a method for determining an efficacy of cardiopulmonary
resuscitation and a probability of success upon application
of shock therapy using the medical monitoring system of
FIG. 1; and

[0015] FIG. 8 is a process flow diagram of an embodiment
of a method for controlling an automated CPR device based
on a determination of CPR efficacy;

[0016] FIG. 9 is a process flow diagram of an embodiment
of a method for determining an improved cardioversion
outcome prediction (COP) metric using the medical moni-
toring system of FIG. 1; and

[0017] FIG. 10 is a process flow diagram of an embodi-
ment of a method of using the medical monitoring system of
FIG. 1 to administer CPR.

DETAILED DESCRIPTION OF SPECIFIC
EMBODIMENTS

[0018] One or more specific embodiments of the present
techniques will be described below. In an effort to provide a
concise description of these embodiments, not all features of
an actual implementation are described in the specification.
It should be appreciated that in the development of any such
actual implementation, as in any engineering or design
project, numerous implementation-specific decisions must
be made to achieve the developers’ specific goals, such as
compliance with system-related and business-related con-
straints, which may vary from one implementation to
another. Moreover, it should be appreciated that such a
development effort might be complex and time consuming,
but would nevertheless be a routine undertaking of design,
fabrication, and manufacture for those of ordinary skill
having the benefit of this disclosure.

[0019] When introducing elements of various embodi-
ments of the present disclosure, the articles “a,” “an,” and
“the” are intended to mean that there are one or more of the
elements. The terms “comprising,” “including,” and “hav-
ing” are intended to be inclusive and mean that there may be
additional elements other than the listed elements. Addition-
ally, it should be understood that references to “one embodi-
ment” or “an embodiment” of the present disclosure are not
intended to be interpreted as excluding the existence of
additional embodiments that also incorporate the recited
features. Also, as used herein, the term “over” or “above”
refers to a component location on a sensor that is closer to
patient tissue when the sensor is applied to the patient.
[0020] The present embodiments relate generally to emer-
gency response systems (e.g., emergency response kits hav-
ing components described below provided or sold as a single
unit for use in an emergency response) that may include one
or more sensors and/or a monitor configured to monitor one
or more physiological signals (e.g., a plethysmography
signal and/or an electrocardiogram (ECG) signal) of a
patient (i.e., person receiving emergency resuscitation, such
as CPR). In certain embodiments, the system includes an
oximetry sensor and/or an ECG sensor (e.g., electrodes).
The oximetry sensors described herein may incorporate one
or more emitters configured to emit light into a patient at one
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or more wavelengths and one or more detectors configured
to detect a signal representative of reflected or transmitted
light received from the patient. This acquired signal may be
used to determine any of a variety of physiological charac-
teristics of the patient, such as the level of blood oxygen
saturation in an artery of the patient, for example. This signal
may be referred to as a plethysmography signal or plethys-
mograph. This signal typically reflects cardiac pulses in the
patient’s blood due to contractions of the heart. During CPR,
this signal may include non-cardiac pulses (i.e., pulses due
to the administration of chest compressions during CPR,
rather than to the contraction of the patient’s heart). The
ECG sensors described herein may incorporate one or more
electrodes that are configured to measure electrical poten-
tials generated by the patient’s heart, and the ECG signal
generated by the electrodes may reflect an underlying myo-
cardial rhythm during CPR.

[0021] While guidelines related to performance of CPR
exist (e.g., chest compression rate, depth and frequency of
breathing, or the like), the presently disclosed systems and
methods may provide improved patient outcomes by facili-
tating optimization or improvement of CPR for the anatomy
and physiology of the patient. During cardiac arrest, health-
care providers may attempt cardioversion of ventricular
fibrillation (VF) via a defibrillation shock and/or may apply
CPR to maintain the viability of the heart and brain until
spontaneous circulation can be re-established. Variations in
the VF waveform may reflect the health of the myocardium
and certain variations in the VF waveform may indicate that
a defibrillation shock is likely to lead to the return of
spontaneous circulation (e.g., a shockable myocardial
rhythm). Additionally, the VF waveform and the health of
the myocardium can be improved with the application of
CPR. Accordingly, it may be beneficial to monitor and
provide reliable feedback regarding the efficacy of CPR
and/or a probability of a return of spontaneous circulation
upon application of a defibrillation shock. Such embodi-
ments may enable the healthcare provider to provide effec-
tive CPR and/or to apply the defibrillation shock when a
shockable myocardial rhythm is identified.

[0022] Accordingly, in some embodiments disclosed
herein, the plethysmography signal and/or the ECG signal
may be analyzed to determine the efficacy of CPR being
administered to the patient. For example, one or more of an
amplitude of non-cardiac (e.g., CPR) pulses in the plethys-
mography signal, an oxygen saturation (SpO2), a regional
oxygen saturation (rSO2), a perfusion index, a characteristic
of a baseline of the plethysmography signal, or any combi-
nation thereof may be used to determine the efficacy of CPR.
Additionally or altematively, a characteristic measure
related to the ECG signal may be used to determine the
efficacy of CPR. In some embodiments, the ECG signal may
be processed to provide a cardioversion outcome prediction
(COP) metric, which may generally quantify a probability of
success (i.e., a return of spontaneous circulation) upon
application of shock therapy (e.g., a defibrillation shock),
and the COP metric may be used to determine the efficacy
of CPR.

[0023] Insome embodiments, the plethysmography signal
and/or the ECG signal may additionally or alternatively be
analyzed to determine a probability of success upon appli-
cation of shock therapy. For example, the perfusion index,
the characteristic of the baseline of the plethysmography
signal, and/or the COP metric may be used to determine the
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probability of success upon application of shock therapy.
The systems and methods disclosed herein may be config-
ured 1o provide feedback regarding the efficacy of CPR
and/or the probability of success upon application of shock
therapy to the person administering the CPR (e.g., via a
speaker and/or a display).

[0024] With the foregoing in mind, FIG. 1 depicts an
embodiment of a patient monitoring system 10 that includes
a patient monitor 14 that may be used in conjunction with
one or more medical sensors, such as an oximetry sensor 12
and/or an ECG sensor 16. The sensors 12, 16 may be
reusable, entirely disposable, or include disposable portions.
Although only one oximetry sensor 12 and one ECG sensor
16 are shown in FIG. 1, in other embodiments, two, three,
four, or more oximetry sensors 12 and/or ECG sensors 16
may be communicatively coupled to the monitor 14. For
example, two oximetry sensors 12 may be used for simul-
taneously monitoring blood oxygen saturation at two differ-
ent body locations of the patient.

[0025] As shown in FIG. 1, the oximetry sensor 12
includes an emitter 18 and a detector 20. Although the
depicted oximetry sensor 12 is configured for use on a
patient’s finger, it should be understood that, in certain
embodiments, the oximetry sensor 12 may be adapted for
use at other tissue locations. Furthermore, as shown, the
ECG sensor 16 includes multiple electrodes 22 coupled to a
substrate 24 that is configured to be attached (e.g., adhered)
to the patient, although the ECG sensor 16 may have any
suitable configuration for obtaining an ECG signal. For
example, the ECG sensor 16 may include an implantable
device, such as a pacemaker.

[0026] The sensors 12, 16 may be wireless sensors and
may be configured to communicate wirelessly with the
monitor 14. In some embodiments, the monitor 14 includes
a wireless transceiver 28 configured to transmit data to and
receive data from the sensors 12, 16 (e.g., via a wireless
transceiver 30 of the oximetry sensor 12 and/or a wireless
transceiver 32 of the ECG sensor 16). The wireless trans-
ceivers 30, 32 of the sensors 12, 16 may be configured to
establish wireless communication with one another and/or
with the wireless transceiver 28 of the monitor 14 using any
suitable protocol. By way of example, the wireless trans-
ceivers 28, 30, 32 may be configured to communicate using
the IEEE 802.15.4 standard, and may communicate, for
example, using ZigBee, WirelessHART, or MiWi protocols.
Additionally or alternatively, the wireless transceivers 28,
30, 32 may be configured to communicate using the Blu-
etooth standard or one or more of the IEEE 802.11 stan-
dards. In certain embodiments, one or more of the sensors
12, 16 may be integrated with the monitor 14 in a single unit.
The integrated monitor could be a standalone unit, config-
ured to be strapped to the patient and in direct view of the
operator. Such embodiment would present the advantages of
greater mobility and reduced number of parts. In some
embodiments, one or more of the sensors 12, 16 may be
configured to communicate with the monitor 14 via a wired
connection (e.g., via a cable).

[0027] The monitor 14 includes a monitor display 34 that
may be configured to display information regarding the
physiological parameters monitored by the sensors 12, 16,
information related to the signals obtained by the sensors 12,
16, information about the system 10, and/or alarm indica-
tions, for example. In addition, the monitor display 34 may
be configured to communicate information related to the
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efficacy of the CPR being administered to the patient and/or
information related to a probability of success upon appli-
cation of shock therapy. As discussed in more detail below,
the monitor display 34 may provide information related to
chest compressions (e.g., “alter compressions,” “change
location of compressions,” “compression too light,” “com-
pression too hard,” “slow down compressions,” “speed up
comptressions,” etc.) and/or artificial respiration (“give more
breaths” or “give fewer breaths”). This information may
relate to altering chest compressions and/or administered
breaths, changing a location of the chest compressions,
changing the amount of force applied during the chest
compressions (e.g., too light, too hard, etc.), and/or the
effectiveness of the administered breaths (e.g., an amount,
frequency, etc.). In some embodiments, the monitor display
34 may provide information related to administration of a
defibrillation shock (e.g., “provide a shock,” “do not provide
a shock,” “proceed to chest compression,” etc.). The infor-
mation may be displayed via text, images, and/or color-
coded indicators, for example.

[0028] The monitor 14 may also include a speaker 35 to
communicate information related to the efficacy of the CPR
being administered to the patient and/or information related
to the prediction of shock outcome. For example, the
speaker 35 may communicate audible instructions (e.g.,
spoken or voice messages to “change location of compres-
sions,” “compression too light,” “compression too hard,”
“slow down compressions,” “speed up compressions,” “pro-
vide a shock,” “do not provide a shock,” “apply chest
compressions,” etc.). In addition, the speaker 35 may emit a
sound (e.g., beep) to indicate certain instructions, to reflect
a detected pulse (e.g., a non-cardiac pulse), to reflect a return
of spontaneous circulation, or the like. In some embodi-
ments, a pitch, tone, or other characteristic of the sound may
be varied to indicate chest compressions are being admin-
istered too fast, too slow, at a correct rate, and/or that a
defibrillation shock should be applied. The monitor 14 may
include various input components 36 (e.g., input), such as
knobs, switches, keys and keypads, buttons, touchscreen,
microphone (e.g., to enable spoken prompts or inputs), etc.,
to provide for operation and configuration of the monitor 14.
The input components 36 may enable the inputting and/or
adjusting of patient characteristics (e.g., patient age, size,
condition, etc.), inputting that the sensors 12, 16 have been
applied to the patient, inputting a beginning and/or end of
the administration of CPR to the patient (e.g., initiation of a
“CPR mode”), and/or inputting and/or adjusting ranges,
values, and/or thresholds.

[0029] As discussed in more detail below, the monitor 14
also includes a processor that may be used to execute code
stored in memory or other suitable computer-readable stor-
age medium or memory circuitry, such as code for imple-
menting various monitoring functionalities. As discussed
below, for example, the monitor 14 may be configured to
process signals generated by the detector 20 of the oximetry
sensor 12 and/or ECG signals generated by the electrodes 22
of the ECG sensor 16 to provide an indication of the efficacy
of CPR being administered to the patient and/or to provide
a probability of success upon application of shock therapy,
thereby facilitating optimization or improvement of CPR for
the patient.

[0030] Turning to FIG. 2, a simplified block diagram of
the medical system 10 is illustrated in accordance with an
embodiment. The oximetry sensor 12 may include optical
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components in the form of the emitter 18 and the detector 20.
The emitter 18 and the detector 20 may be arranged in a
reflectance or transmission-type configuration with respect
to one another. The emitter 18 may be a light emitting diode,
superluminescent light emitting diode, a laser diode, or a
vertical cavity surface emitting laser (VCSEL). The emitter
18 and the detector 20 may also include optical fiber sensing
elements. Also, the emitter 18 may include two light emit-
ting diodes (LEDs) that are configured to emit at least two
wavelengths of light, e.g., red or near infrared light. In one
embodiment, the LEDs emit light in the range of 600 nm to
about 1000 nm. In a particular embodiment, the one LED is
configured to emit light at 730 nm and the other LED is
configured to emit light at 810 nm. The emitter 18 may be
driven by light drive circuitry of the monitor 14.

[0031] In one embodiment, light enters the detector 20
after passing through the tissue of the patient. In another
embodiment, light emitted from the emitter 18 may be
reflected by elements in the patent’s tissue to enter the
detector 20. The detector 20 may convert the received light
at a given intensity, which may be directly related to the
absorbance and/or reflectance of light in the tissue of the
patient, into a plethysmography signal. After converting the
received light to the plethysmography signal, the detector 20
may send the plethysmography signal to the monitor 14,
where signal characteristics may be analyzed and/or physi-
ological characteristics may be calculated based at least in
part on the absorption and/or reflection of light by the tissue
of the patient.

[0032] The ECG sensor 16 may include multiple elec-
trodes 22 that are configured to sense electrical potentials
generated by the patient’s heart when the ECG sensor 16 is
applied to the patient’s chest. The electrodes 22 may convert
the electrical potentials into an ECG signal. The ECG signal
may be provided to the monitor 14, where signal character-
istics may be analyzed. In particular, one or more processors
50 of the monitor 14 may process the plethysmography
signal and/or the ECG signal to determine the efficacy of
CPR being administered to the patient and/or to determine a
probability of success upon application of shock therapy,
thereby facilitating optimization or improvement of CPR for
the patient. As shown, the monitor 14 includes the processor
50, a memory 48, the display 34, the speaker 35, the user
input 36, and the wireless transceiver 28. As noted above,
the wireless transceivers 30, 32 of the sensors 12, 16 may be
configured to establish wireless communication with one
another and/or with the wireless transceiver 28 of the
monitor 14 using any suitable protocol. In some embodi-
ments, one or more of the sensors 12, 16 or associated cables
may be configured to communicate with the monitor 14 via
awired connection (e.g., via a cable). In some embodiments,
one or more of the sensors 12, 16 may have any of the
components (e.g., the processor 50, the memory 48, the
display 34, the speaker 35, the user input 36) discussed
above with respect to the monitor 14 and any of the methods
disclosed herein may be carried out by the components of
one or more of the sensors 12, 16.

[0033] In certain embodiments, the processor 50 may be
configured to determine one or more first indicators based on
the plethysmography signal received from the oximetry
sensor 12 and to determine one or more second indicators
based on the ECG signal received from the ECG sensor 16.
In some embodiments, the first indicator may include an
amplitude of a non-cardiac pulse, an oxygen saturation
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(Sp02), a regional oxygen saturation (rSO2), a perfusion
index, a characteristic of a baseline of the plethysmography
signal, or any combination thereof, and the second indicator
may include a characteristic measure of the ECG signal, a
cardioversion outcome prediction (COP) metric, or any
combination thereof. The processor 50 may be configured to
use the one or more first indicators and/or the one or more
second indicators to determine the efficacy of CPR and/or
the probability of success upon application of shock therapy.

[0034] With the foregoing in mind, the processor 50 may
be configured to determine the efficacy of CPR based at least
in part on an amplitude of non-cardiac pulses (i.e., a pleth
CPR (PCPR) metric) as disclosed in U.S. Patent Application
No. 62/105,305, which is hereby incorporated by reference
in its entirety for all purposes. FIG. 3 illustrates a signal 51
obtained from the oximetry sensor 12 during CPR. As
shown, the signal 51 includes multiple non-cardiac pulses 52
due to CPR. Each non-cardiac pulse 52 includes a pulse
amplitude 33 (i.e.. peak to peak amplitude for the pulse 52).
The pulse amplitude 53 may be related (e.g., linearly related)
to the force applied during the chest compression and/or the
effectiveness of the chest compression (e.g., location of the
chest compression). For example, a stronger chest compres-
sion may result in a larger pulse amplitude 53 (see pulse
amplitude 53 for relatively stronger pulse 54 in FIG. 3)
relative to the pulse amplitude 53 from a weaker chest
compression (see pulse amplitude 53 for relatively weaker
pulse 55 in FIG. 3). Similarly, a chest compression admin-
istered in the wrong location (e.g., off-center) may result in
a smaller pulse amplitude 53 (see pulse amplitude 53 for
pulse 55 in FIG. 3) than a pulse amplitude 53 from a chest
compression administered in the proper location (see pulse
amplitude 53 for pulse 54 in FIG. 3). FIG. 3 also illustrates
the pulse rate (i.e., frequency) of the signal 51 (i.e., the
number of pulses 52 within a defined period of time 56).
Generally the frequency of the detected pulses 52 may be the
same as the frequency of the chest compressions adminis-
tered during the CPR.

[0035] In some embodiments, the processor 50 may be
configured to apply a pulse qualification algorithm to iden-
tify modulations in the plethysmography signal that are due
to CPR (e.g., non-cardiac pulses due at least in part to chest
compressions applied during CPR, such as non-cardiac
pulses 52), and to thereby distinguish such non-cardiac
pulses due to CPR from various signal artifacts (e.g., such as
modulations 57 due to noise from motion, ambient light, or
the like). In certain embodiments, the processor 50 may be
configured to determine the amplitude 53 of each of the
qualified non-cardiac pulses 52. In some embodiments, the
amplitude may be a normalized amplitude normalized by a
baseline of the plethysmography signal (e.g., the pulse
amplitude may be divided by the baseline level of the signal,
providing an AC (alternative or pulsatile) over DC (direct,
non-alternative or non-pulsatile) metric).

[0036] Additionally or alternatively, in some embodi-
ments, the processor 50 may be configured to determine the
patient’s oxygen saturation (SpO2) based on the signal 51
(e.g., using one or more algorithms configured to calculate
Sp02). In certain embodiments, the oximetry sensor 12 may
be adapted to perform regional oximetry and/or an addi-
tional oximetry sensor 12 that is configured to perform
regional oximetry may be provided within the system 10. In
regional oximetry, by comparing the relative intensities of
light received at two or more detectors, it is possible to
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estimate the blood oxygen saturation of hemoglobin in a
region of a body. For example, a regional oximeter may
include a sensor to be placed on a patient’s forchead and
may be used to calculate the oxygen saturation of a patient’s
blood within the venous, arterial, and capillary systems of a
region underlying the patient’s forehead (e.g., in the cerebral
cortex). In such cases, the oximetry sensor 12 may include
the emitter 18 and two detectors 20: one detector that is
relatively “close” to the emitter 16 and another detector that
is relatively “far” from the emitter 18. Light intensity of one
or more wavelengths may be received at both the “close”
and the “far” detectors, and thus, one detector may receive
a first portion of light and the other detector may receive a
second portion of light. Fach of the detectors 20 may
generate signals indicative of their respective portions of
light. For example, the resulting signals may be compared to
arrive at a regional saturation value that pertains to addi-
tional tissue through which the light received at the “far”
detector passed when it was transmitted through a region of
a patient. Surface data from the skin and skull is subtracted
out to produce a regional oxygen saturation (rSO2) value for
deeper tissues. The processor 50 may be configured to
determine the efficacy of the CPR based at least in part on
the SpO2 and/or rSO2, as discussed in more detail below.

[0037] In some embodiments, the processor 50 may be
configured to determine a perfusion index based on the
plethysmography signal. The perfusion index may be gen-
erally indicative of a pulse strength and blood flow (e.g.,
blood flow rate) at the monitoring site, which is expected to
increase (e.g., as compared to an initial value at the onset of
ventricular fibrillation and/or at the onset of CPR) and/or
remain above a minimum value during effective CPR and/or
as the state of myocardium improves. The perfusion index
may be a numerical indicator calculated based on the
normalized amplitude of any suitable pulsatile waveform
(e.g., cardiac pulses or non-cardiac pulses) in the plethys-
mography signal (e.g., signal 51). In particular, the perfusion
index may be calculated as a ratio of an AC (pulsatile)
component to a DC (non-pulsatile) component of the
plethysmography signal. In some embodiments, the proces-
sor 50 may be configured to determine the efficacy of the
CPR based at least in part on the perfusion index.

[0038] FIGS. 4a and 4b are examples of an ECG signal
and a plethysmography signal, respectively, over a period of
time during which a subject transitions from normal cardiac
function to ventricular fibrillation and subsequently experi-
ences a defibrillation shock. In particular, FIG. 4a is an
example of a graph 60 of an ECG signal 62 over a period of
time, and FIG. 4b is an example of a graph 64 of a baseline
66 of a plethysmography signal over the period of time. As
shown, the subject initially demonstrates a period of normal
cardiac function 70. When the patient transitions into a
period of ventricular fibrillation 68 at a first time 72, the
baseline 66 of the plethysmography signal changes (e.g.,
shifts). The shift may be due to arapid loss of blood pressure
and a corresponding reduction in blood flow at the moni-
toring site following cardiac arrest, which causes a decrease
in absorption of light and an increase in the baseline 66.
When the patient receives a defibrillation shock at a second
time 74, the blood flow begins to return (e.g., trend) toward
levels observed during the period of normal cardiac function
70, which causes an increase in the absorption of light and
a decrease in the baseline 66, as shown. In some embodi-
ments, the processor 50 may be configured to monitor the
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baseline 66 of the plethysmography signal and to determine
one or more characteristics of the baseline 66. The baseline
66 may be generally indicative of blood flow (e.g., blood
flow rate) at the monitoring site, which is expected to
increase (e.g., as compared to an initial value at the onset of
ventricular fibrillation and/or at the onset of CPR) and/or
remain above a minimum value during effective CPR and/or
as the state of myocardium improves.

[0039] In some embodiments, the processor 50 of the
monitor 14 may be configured to determine one or more
characteristics of the baseline 66 of the plethysmography
signal. For example, the processor 50 may determine a
percent change in the baseline over a period of time or as
compared to the baseline 66 during the period of normal
cardiac function 70. In some embodiments, the processor 50
may determine a gradient of the baseline 66 at various times,
including during the onset of VF, after the defibrillation
shock, or at any other suitable time. In some embodiments,
the processor 50 may determine an amplitude of any features
(e.g., discrete features or waves) in the baseline 66.

[0040] In some embodiments, the baseline 66 may be
derived from a red baseline (e.g., generated by the detector
20 in response to detection of wavelengths of light in the red
spectrum emitted by a light source of the emitter 18) and/or
from an IR baseline (e.g., generated by the detector 20 in
response to detection of wavelengths of light in the IR
spectrum emitted by a light source of the emitter 18). For
example, in some embodiments, the baseline 66 may be
derived by averaging the red baseline and the IR baseline,
which may reduce noise. In some embodiments, the baseline
66 may be normalized with respect to front-end gain
changes to mitigate the effects of device servoing. In some
embodiments, the processor 50 may be configured to deter-
mine the efficacy of the CPR based at least in part on the one
or more characteristics of the baseline.

[0041] In certain embodiments, the processor 50 may be
configured to determine the efficacy of CPR based at least in
part on a characteristic measure related to the ECG signal
(i.e., an ECPR metric) as disclosed in U.S. Pat. No. 8,983,
588, which is hereby incorporated by reference in its entirety
for all purposes. FIG. 5a is a graphical representation of an
ECG signal 76, and FIG. 55 is a graphical representation of
a modulus maxima scalogram 77 corresponding to the ECG
signal 76 of FIG. 5a. The lines extending from top to bottom
in the graphical representation of FIG. 55 indicate the
location of the modulus maxima.

[0042] Artifacts due to CPR may be filtered out by iden-
tifying and removing the modulus maxima lines associated
with the application of CPR. In some embodiments, the
artifacts due to CPR may be filtered by using a CPR
reference signal that correlates with CPR artifacts (e.g,,
comparing modulus maxima obtained from a CPR reference
signal to the modulus maxima scalogram 77 and subtracting
or removing modulus maxima lines corresponding to those
in the CPR reference signal). In some embodiments, modu-
lus maxima lines at short temporal scales may be selected.
For example, modulus maxima values at a level 78 may be
selected. The coefficients across the level 78 may be
extracted and reordered from lowest to highest to form a
reordered coeflicient curve. An example of a reordered
coeflicient curve 79 is shown in FIG. 6. In some embodi-
ments, regions without a modulus maxima line across the
level 78 are set to zero to generate the reordered coeflicient
curve 79.
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[0043] CPR may be characterized by high energy modulus
maxima lines and coefficients corresponding to CPR may
therefore be found at one region 81 (e.g., a CPR region) of
the reordered coefficient curve 79. One or more other
regions 83 (e.g., analysis region) remote from the CPR
region 81 may be selected for analysis. A characteristic
measure derived from the analysis region 83 may be indica-
tive of the patient’s underlying myocardial rhythm. The
characteristic measure may include one or more of an
amplitude of coeficients in the analysis region 83, a slope of
the curve in the analysis region 83, and/or relative measures
between the analysis region 83 and the CPR region 81. In
some embodiments, the characteristic measure may be a
value of a single coeflicient at a position on the curve 79. In
some embodiments, the characteristic measure may be a
median, mode, or mean of values of several coefficients
within a region (e.g., the analysis region 83) of the curve 79,
for example. In some embodiments, the characteristic mea-
sure may include a temporal population statistic such as
entropy, the standard deviation or other moment of distri-
bution, or a value such as the maximum, minimum or mean
value of the coeflicients in the analysis region 83 of the
curve 79, or the like.

[0044] Accordingly, in some embodiments, the processor
50 may be configured to receive the ECG signal from the
ECG sensor 16, derive a time-scale transform surface of the
ECG signal, and determine a characteristic measure using
the time-scale transform surface, and determine an under-
lying myocardial rhythm based on a characteristic measure
of the time-scale transform surface. As disclosed in U.S. Pat.
No. 8,953,588 and as discussed above, the characteristic
measure may be obtained in any of a variety of manners,
including via manipulation of coefficients obtained from the
BECG time-scale transform surface calculated over one or
more surface scales. The characteristic measure may be
monitored to detect changes in the underlying myocardial
rhythm during CPR. Furthermore, the characteristic measure
may be indicative of the efficacy of CPR. For example, an
increase in the characteristic measure may reflect a positive
response to CPR. Thus, the characteristic measure may be
used by the processor 50 to assess the efficacy of CPR, as
discussed in more detail below.

[0045] In certain embodiments, the processor 50 may be
configured to determine a shock outcome prediction mea-
sure, such as a cardioversion outcome prediction (COP)
metric as disclosed in U.S. Pat. Nos. 7,171,269 and 8,983,
588, which are hereby incorporated by reference in their
entirety for all purposes. The COP metric is a quantitative
measure of the ECG signal and is generally indicative of the
state of the myocardium and the likelihood that a defibril-
lation shock will be successful. For example, greater COP
metric values indicate greater probability that a defibrillation
shock will cause a return of spontaneous circulation (e.g., as
compared to lower COP metric values indicating a lower
probability that circulation will return after the shock).

[0046] The COP metric may be derived based on charac-
teristics of the ECG signal. The wavelet transform of a signal
x(t) is defined as
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where ¢p*(t) is the complex conjugate of the wavelet function
¢(t), a is the dilation parameter of the wavelet, and b is the
location parameter of the wavelet. The COP metric can be
derived from a wavelet entropy-like measure computed over
one or more of the scalogram scales and may be defined as:
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where IT(2', b)l are the wavelet transform modulus values at
a selected scale a'. All modulus values across the selected
scale a' may be utilized. In some embodiments, the wavelet
transform analysis employs a complex Morlet wavelet with
a characteristic frequency between approximately 3 to 6
radians per second (rad/sec). In some embodiments, the
characteristic frequency may be approximately 3, 3.5, 4, 4.5,
5, or 5.5 rad/sec. In some embodiments, the scale a' may
correspond to a characteristic central frequency of the wave-
let function of 45 Hertz (Hz), for example.

[0047] As noted above, the COP metric generally reflects
the health of the myocardium and the probability of suc-
cessful shock therapy. When the patient is in cardiac arrest,
effective CPR may improve the health of the myocardium.
Accordingly, monitoring the COP metric may provide an
indication of whether the CPR is improving the health of the
myocardium and/or effectively preparing the myocardium
for a successful defibrillation shock. For example, an
increase in the COP metric during CPR may indicate that the
CPR has caused an increase in the probability of successful
shock therapy and has advantageously prepared the heart for
successful shock therapy, and thus, that the CPR is effective.
Because the COP metric generally provides an indication of
the health of the myocardium, an increase in the COP metric
may indicate effective CPR across all rhythm types (e.g.,
asystole, ventricular fibrillation, pulseless electrical activity,
and/or normal sinus rhythm). In some embodiments, the
COP metric may be measured prior to and following CPR
and may provide an indication of the efficacy of the CPR. In
some embodiments, the COP metric may be measured
continuously or periodically during CPR to detect the ongo-
ing efficacy of CPR and to detect changes in the underlying
myocardial rhythm during CPR.

[0048] Thus, as discussed above, the processor 50 of the
monitor 14 may be configured to determine one or more first
indicators based on the plethysmography signal received
from the oximetry sensor 12 and/or one or more second
indicators based on the ECG signal received from the ECG
sensor 16. For example, the first indicator may include the
amplitude of the non-cardiac pulses (i.e., the PCPR metric),
the rSO2, the SpO2, the perfusion index, and/or one or more
characteristics of the baseline determined from the plethys-
mography signal received from the oximetry sensor 12, and
the second indicator may include a characteristic measure
related to the ECG signal (i.e., the ECPR metric) and/or the
COP metric based on the ECG signal received from the ECG
sensor 16. In certain embodiments, the processor 50 of the
monitor 14 may be configured to utilize one or more
algorithms and/or classifiers (e.g., a trained classifier) to
determine a combination metric (i.e., an MCPR metric)
indicative of the eflicacy of CPR based on one or more of the
first and second indicators (e.g., the amplitude of the non-
cardiac pulses, the rSO2, the SpO2, the perfusion index, the
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baseline, the characteristic measure related to the ECG
signal, and/or the COP metric). In certain embodiments, the
processor 50 of the monitor 14 may be configured to provide
feedback (e.g., via the display 34 or the speaker 35) with
respect to the CPR based at least in part on the MCPR
metric.

[0049] FIG. 7 is a process flow diagram of an embodiment
of a method 80 for using the system 10 to provide an output
indicative of CPR efficacy and/or an output indicative of a
probability of successful shock therapy. The methods dis-
closed herein include various steps represented by blocks. It
should be noted the methods may be performed as an
automated procedure by a system, such as the system 10.
Although the flow charts illustrate the steps in a certain
sequence, it should be understood that the steps may be
performed in any suitable order and certain steps may be
carried out simultaneously, where appropriate. Further, cer-
tain steps or portions of the methods may be performed by
separate devices. For example, a first portion of each of the
methods may be performed by the sensors 12, 16 while a
second portion of the method may be performed by the
monitor 14.

[0050] In step 82, the processor 50 of the monitor 14 may
receive or obtain a plethysmography signal from a sensor,
such as from the oximetry sensor 12. In step 84, the
processor 50 may process the plethysmography signal to
determine one or more first indicators related to CPR
efficacy, such as the amplitude of non-cardiac pulses (e.g.,
the PCPR metric), the SpO2, the rSO2, the perfusion index,
and/or one or more characteristics of the baseline using a
plethysmography signal received from a sensor, such as the
oximetry sensor 12.

[0051] In some embodiments, the processor 50 of the
monitor 14 may also receive or obtain an ECG signal from
the sensor 16, as shown in step 86. In step 88, the processor
50 may process the ECG signal to determine one or more
second indicators related to CPR efficacy, such as a charac-
teristic measures of the ECG signal (e.g., the ECPR metric)
and/or the COP metric based on the ECG signal.

[0052] In step 90, the processor 50 of the monitor 14 may
be configured to access and to utilize one or more algorithms
and/or classifiers (e.g., a trained classifier) to determine a
combination metric (i.e., an MCPR metric) indicative of the
efficacy of CPR based on one or more of the first and/or
second indicators (e.g., the amplitude of the non-cardiac
pulses, the rSO2, the SpO2, the perfusion index, the baseline
characteristics, the characteristic measure related to the ECG
signal, and/or the COP metric). For example, in some
embodiments, the amplitude of the non-cardiac pulses and
the COP metric may be determined by the processor 50 and
input into the classifier to output the MCPR metric.
Although any suitable algorithm or classifier may be used,
exemplary classifiers may include neural networks, genetic
algorithms, probabilistic classifiers, or any combination
thereof. The classifier may be trained based on any of a
variety of input parameters or training data (e.g., sample
data), such as the amplitude of the non-cardiac pulses, the
Sp0O2, the rSO2, the perfusion index, the baseline charac-
teristics, the characteristic measures of the ECG signal, the
COP metric, and/or other indicators obtained from one or
more patients that have undergone CPR.

[0053] Thus, one or more of the amplitude of the non-
cardiac pulses, the rSO2, the SpO2, the perfusion index, the
baseline characteristics, the characteristic measure related to
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the ECG signal, and/or the COP metric may be input into the
algorithm or the classifier to output a classification indica-
tive of the efficacy of CPR, such as the MCPR metric. In
some embodiments, the processor 50 may be configured to
weight the factors in any suitable manner during determi-
nation of the MCPR metric. For example, in some embodi-
ments, a first weight may be applied to the rSO2 and a
second weight, lower than the first weight, may be applied
to the SpO2. In some embodiments, a highest weight may be
applied to the COP metric during determination of the
MCPR metric. For example, the weight applied to the COP
metric may be greater than the weight applied to the other
factors(s), such as the amplitude of the non-cardiac pulses,
the rSO2, the SpO2, the perfusion index, the baseline
characteristics, or the characteristic measure related to the
ECG signal during determination of the MCPR metric. The
MCPR metric may provide a more reliable and/or accurate
indication of CPR efficacy than the individual factors.

[0054] In certain embodiments, the processor 50 of the
monitor 14 may be configured to determine the CPR efficacy
and to provide an indication of the CPR efficacy based at
least in part on the MCPR metric, in step 92. In some
embodiments, the processor 50 may be configured to moni-
tor the MCPR over time (e.g., continuously or periodically)
during CPR. In some embodiments, the processor 50 may
compare the MCPR metric to a threshold value (e.g., a
predetermined threshold value or an optimal range stored in
the memory 48, which may be derived from historical and/or
empirical patient data, for example) to determine if the
MCPR metric is lower than the threshold value. In some
embodiments, if the MCPR metric is above the threshold
value, the processor 50 may determine that CPR is effective.
In some embodiments, if the MCPR metric is below the
threshold value, the processor 50 may determine that CPR is
ineffective. Accordingly, the processor 50 may provide
feedback (e.g., via the display 34 or the speaker 35) indica-
tive of the eficacy of CPR based on comparison between the
MCPR metric and the threshold value. For example, the
processor 50 may provide a text message or an audible
message that the CPR is effective or ineffective. In some
embodiments, the processor 50 may provide (e.g., via the
display 34 or the speaker 35) a color indicator and/or a
numerical indicator indicative of the effectiveness of the
CPR. In some embodiments, the processor 50 may generate,
monitor, provide, and/or record a trend (e.g.. a displayed
trend line) of the MCPR metric over time. In some embodi-
ments, the processor 50 may be configured to monitor and/or
provide an indication of the relative CPR efficacy over time.
For example, based on a trend of the MCPR metric during
CPR, the processor 50 may be configured to determine
and/or provide a relative indication of the efficacy of the
CPR, such as an indication that the CPR efficacy is improv-
ing (e.g., if the MCPR increases) or not improving (e.g., if
the MCPR decreases), thereby enabling the healthcare pro-
vider to identify whether certain changes in the CPR tech-
nique are effective for improving the efficacy of CPR.

[0055] In some embodiments, the processor 50 may addi-
tionally or alternatively be configured to provide (e.g., via
the display 34 or the speaker 35) recommended adjustments
for the administration of the CPR. For example, the proces-
sor 50, via the speaker 35 and/or display 34, may commu-
nicate to the person administering the CPR to adjust one or
more components of the CPR (e.g., chest compressions
and/or artificial respiration). For example, if rSO2, the
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amplitude of the CPR pulses, and the COP metric are
considered in calculating the MCPR metric, an MCPR
metric below the threshold value may indicate that the brain
of the patient is not receiving enough oxygen, that the chest
compressions are not adequate, and/or that the patient’s
myocardium has not responded to the CPR. If rSO2, the
amplitude of the CPR pulses, and the COP metric are
considered in calculating the MCPR metric, an MCPR
metric that decreases during the application of CPR may
indicate that the oxygen in the brain is decreasing, that the
chest compressions are becoming weaker, and/or that the
CPR is not improving the underlying rhythm of the patient’s
myocardium, for example. Accordingly, in such cases, the
processor 50 may communicate to the person administering
the CPR to increase the frequency and/or intensity of breaths
administered during the CPR and/or the frequency and/or
intensity of chest compressions based on the MCPR metric
(e.g., based on whether the MCPR metric is lower than the
threshold value and/or based on whether the MCPR metric
is decreases during the CPR).

[0056] In some embodiments, the operator may select the
desired indicators (e.g., inputs) for calculation of the MCPR
metric using the user inputs 36. For example, in some
embodiments, the operator may provide an input directing
the processor 50 to consider a particular subset of the first
and/or second indicators (e.g., a subset of the amplitude of
the non-cardiac pulses, the rSO2, the SpO2, the perfusion
index, the baseline characteristics, the characteristic mea-
sure related to the ECG signal, and/or the COP metric). In
some embodiments, the operator may provide an input
directing the processor 50 to apply particular respective
weights to each of the factors. In some embodiments, the
operator may input patient characteristics (e.g., age, size,
weight, BML, etc.), and the processor 50 may be configured
to adjust or select the indicators, the weights, and/or the
MCPR threshold value based on these patient characteris-
tics, or may otherwise account for the patient characteristics
in determining the MCPR metric. Alternatively, the proces-
sor 50 may detect the type of sensor that is in use (e.g. adult,
pediatric, infant) and adjust the indicators, the weights, the
MCPR threshold value, and/or the classifier based on these
patient characteristics based on the patient population for the
selected sensor. For example, if the amplitude of the non-
cardiac pulses is considered in calculating the MCPR metric,
the MCPR threshold value may be lower for younger
patients (e.g., children) as compared with older patients
(e.g., adults) because lower intensity chest compressions
may be adequate for effective CPR.

[0057] Additionally or alternatively, in some embodi-
ments, the processor 50 may use one or more of the first
indicators and/or one or more of the second indicators to
calculate a probability of success of shock therapy, as shown
in step 94. As noted above, the perfusion index and/or the
baseline characteristics may be generally indicative of blood
flow at the monitoring site, which is expected to increase
during effective CPR and/or as the health of the myocardium
improves. For example, a low or decreasing gradient of the
baseline during VF may indicate that the patient has been in
VF for an extended period of time, and thus, may correspond
to a reduced likelihood of success of the cardioversion
shock. As such, the perfusion index, the baseline character-
istics, and/or the COP metric may be used by the processor
50 to determine the probability of success upon application
of shock therapy, for example. In particular, the character-
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istics (e.g., the percent change, the gradient, the amplitude)
of the baseline, the perfusion index, and/or the COP metric
may be input into an algorithm and/or a classifier (e.g., a
trained classifier) to determine the probability of success of
the shock therapy. The classifier may output a probability
(e.g., a value from O to 1, a value from O to 100, or a value
on any suitable scale) or a pass or fail indicator (e.g., the
shock therapy is likely to be successful or likely to be
unsuccessful).

[0058] Although any suitable algorithm or classifier may
be used, exemplary classifiers may include neural networks,
genetic algorithms, probabilistic classifiers, or any combi-
nation thereof. The classifier may be trained based on any of
a variety of input parameters or training data (e.g., sample
data), such as the perfusion index, the baseline characteris-
tics, the COP metric, and/or other indicators obtained from
one or more patients that have undergone CPR. In some
embodiments, the processor 50 may be configured to deter-
mine and/or to utilize other indicators or factors, such the
characteristic measure of the ECG signal, a downtime (e.g.,
a length of time since cessation of a normal sinus rhythm)
based on the ECG signal, and/or a transition into VF (e.g,,
a length of time that the patient demonstrates an abnormal
heart rhythm, such as a tachycardia, prior to entering VF)
based on the ECG signal, and the processor 50 may utilize
such additional factors to determine the probability of suc-
cessful shock therapy. For example, a longer downtime (e.g,.,
exceeding a predetermined period of time) and/or a longer
period of abnormal heart rhythm prior to VF may reduce the
probability of successful shock therapy. In some embodi-
ments, the processor 50 may compare the probability of
successful shock therapy to a threshold value (e.g., a pre-
determined threshold value or a shock threshold value) to
determine whether the operator should apply a defibrillation
shock to the patient. For example, if the probability exceeds
the threshold value, the processor 50 may determine that
application of a defibrillation shock is medically appropriate
and should be applied.

[0059] In some embodiments, the processor 50 may be
configured to weight the indicators or factors in any suitable
manner during determination of the probability of successful
shock therapy. For example, in some embodiments, the
weight applied to the COP metric may be greater than the
weight applied to the other factors(s), such as the perfusion
index and/or the baseline characteristics during determina-
tion of the probability of successful shock therapy. In some
embodiments, the algorithm or classifier used to determine
the probability of success of a cardioversion shock in step 94
may be updated based on data received by the processor 50.
For example, if an unsuccessful shock is detected or iden-
tified by the processor 50, the processor 50 may update the
classifier to classify the state of the myocardium at the time
of the unsuccessful shock as inadequate (e.g., not shock-
able). In some embodiments, following an unsuccessful
shock, the processor 50 may update the classifier by increas-
ing the threshold value (e.g., so that the processor 50 may
determine the probability and/or instruct the operator to
apply a defibrillation shock only if the probability of suc-
cessful shock therapy is higher than at the time of the
previous unsuccessful shock). Thus, an unsuccessful shock
may cause or initiate a change in the classifier. In some
embodiments, patient data obtained prior to the unsuccessful
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shock (e.g., signals obtained from the sensors 12, 16 may be
discarded and/or not utilized in calculating the probability of
successful shock therapy.

[0060] In step 96, the processor 50 may provide an indi-
cation of the probability. For example, the processor 50 may
provide an indication of the probability of success and/or
notify the CPR (e.g., via the display 34 or the speaker 35)
provider when a shockable myocardial rhythm is detected
(e.g., when the probability exceeds a threshold value, such
as a predetermined threshold value or percentage stored in
the memory 48, such as 0.5, 0.6, 0.7, 0.8, 0.9, 0.95 more,
which may be determined based on historical or empirical
data). Such notifications may reduce the number of unsuc-
cessful defibrillation shocks and customizing resuscitation
efforts for the patient. It should be noted that the processor
50 may be configured to provide feedback related to the
efficacy of the CPR to enable the healthcare provider to
apply CPR in a manner that improves the health of the
myocardium and prepares the myocardium for a defibrilla-
tion shock, as shown in step 92, and to notify the healthcare
provider to apply the defibrillation shock upon detection of
a shockable rhythm, as shown in step 96.

[0061] In some embodiments, the processor 50 may be
configured to monitor the probability of successful shock
therapy over time (e.g., continuously or periodically) during
CPR. In some embodiments, the processor 50 may compare
the probability to the threshold value. In some embodiments,
if the probability is above the threshold value, the processor
50 may provide instructions (e.g., via the display 34 or the
speaker 35) to apply a defibrillation shock. In some embodi-
ments, if the probability is below the threshold value, the
processor 50 may provide instructions to continue CPR
and/or provide feedback related to the efficacy of CPR. In
some embodiments, the processor 50 may provide a visual
text message or an audible message or sound (e.g., a beep of
a particular pitch or tone, a buzzer, or the like) indicating that
the shock therapy should be applied. In some embodiments,
the processor 50 may provide (e.g., via the display 34 or the
speaker 35) an indicator of the probability of successful
shock therapy (e.g., a numerical indicator indicative of the
probability, a color, a word, or the like). In some embodi-
ments, the processor 50 may generate, record, and/or pro-
vide a trend (e.g., a displayed trend line) of the probability
of successful shock therapy over time to enable the operator
to monitor whether the patient’s myocardium is approaching
a state in which shock therapy may be appropriate. Display
of the trend line may enable the operator to prepare the
appropriate medical equipment and/or to assume proper
body positioning for application of the defibrillation shock
when the trend demonstrates that the patient’s myocardium
is approaching a state in which shock therapy may be
appropriate, for example.

[0062] In some embodiments, the operator may select the
desired indicators (e.g., inputs) for calculation of the prob-
ability of successful shock therapy using the user inputs 36.
For example, in some embodiments, the operator may
provide an input directing the processor 50 to consider a
particular subset of the first and/or second indicators (e.g., a
subset of the perfusion index, the baseline characteristics,
and/or the COP metric). In some embodiments, the operator
may provide an input directing the processor 50 to apply
particular respective weights to each of the indicators. In
some embodiments, the operator may input patient charac-
teristics (e.g., age, gender, size, weight, BMI, etc.), and the
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processor 50 may be configured to adjust or select the
indicators, the weights, and/or the threshold value based on
these patient characteristics, or may otherwise account for
the patient characteristics in determining the probability.
Alternatively, the processor 50 may detect the type of sensor
that is in use (e.g. adult, pediatric, infant) from an encoder
of the sensor 12, 16 and adjust the indicators, the weights,
the threshold value, and/or the classifier based on these
patient characteristics based on the patient population for the
selected sensor. For example, the threshold value may be
lower for younger patients (e.g., children) as compared with
older patients (e.g., adults) because the myocardium of
younger patients may respond differently to shock therapy.

[0063] In some embodiments, the system 10 may include
or be configured for use with an automated CPR device
configured to apply compressions to the patient’s chest. FIG.
8 is a process flow diagram of an embodiment of a method
95 for controlling the automated CPR device based on the
MCPR metric and/or based on the probability of success of
shock therapy. In step 97, the processor 50 may determine
the MCPR metric, as discussed above. In step 98, the
processor 50 may determine the probability of success of
shock therapy, as discussed above. In step 99, the processor
50 may cause adjustment of CPR parameters (e.g., rate
and/or depth of chest compressions) applied by the auto-
mated CPR device based on the MCPR metric and/or the
probability of successful defibrillation shock. For example,
the processor 50 may cause the automated CPR device to
increase a depth and/or a frequency of chest compressions if
the MCPR metric i1s below the MCPR threshold and/or
decreases over a period of time during application of CPR.
In some embodiments, the processor 50 may cause cessation
of chest compressions by the automated CPR device and
may initiate a defibrillation shock by the automated CPR
device when the probability of successful defibrillation
exceeds the threshold.

[0064] FIG.9 is a process flow diagram of an embodiment
of a method 100 for using the system 10 to determine a
combination COP metric based at least in part on a perfusion
index and/or a baseline of a plethysmography signal. In step
102, the processor 50 of the monitor 14 may receive or
obtain a plethysmography signal from the oximetry sensor
12. In step 104, the processor 50 may process the plethys-
mography signal to determine the perfusion index. In step
106, the processor 50 may process the plethysmography
signal to determine one or more characteristics of a baseline
of the plethysmography signal.

[0065] As shown in step 108, the processor 50 of the
monitor 14 may also receive or obtain an ECG signal from
the sensor 16. In step 110, the processor 50 may process the
ECG signal to determine the COP metric based on the ECG
signal. In step 112, the processor 50 of the monitor 14 may
be configured to calculate a combination COP metric based
on the COP metric in combination with one or both of the
perfusion index or the baseline characteristics. For example,
the processor 50 may access and utilize one or more algo-
rithms and/or classifiers (e.g., a trained classifier) to deter-
mine the combination COP metric based on the COP metric,
the perfusion index, and/or the baseline characteristics. In
some embodiments, the COP metric may be adjusted based
on the perfusion index and/or the baseline characteristics
(e.g., to generate the combination COP metric). For
example, if the perfusion index increases or is above a
predetermined perfusion index threshold, the COP metric
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may be adjusted upwardly to generate an increased combi-
nation COP metric (e.g., higher than the COP metric)
indicative of the probability of successful shock therapy.
[0066] The processor 50 may be configured to weight the
COP metric, the perfusion index, and/or the baseline char-
acteristics in any suitable manner during determination of
the combination COP metric. For example, in some embodi-
ments, a first weight may be applied to the COP metric and
a second weight, lower than the first weight, may be applied
to the perfusion index. In some embodiments, a highest
weight may be applied to the COP metric. For example, the
weight applied to the COP metric may be greater than the
weight applied to the other indicator(s), such as the perfu-
sion index or the characteristics of the baseline during
determination of the likelihood of success of the cardiover-
sion shock.

[0067] Because the combination COP metric considers
multiple factors that are each indicative of the state of the
myocardium, the combination COP metric may provide a
more reliable indicator of the prediction of success of shock
therapy, as compared with the COP metric calculated via
Equation 2. In some embodiments, the second indicator may
include the combination COP metric. Thus, the combination
COP metric may be calculated in step 88 of the method 80
of FIG. 7 (e.g., in lieu of the COP metric), and the combi-
nation COP metric may be utilized in step 86 to calculate the
MCPR metric and/or in step 94 to calculate the probability
of success of shock therapy.

[0068] FIG. 10 is a process flow diagram of a method 120
of using the system 10 to administer CPR. In step 122, the
oximetry sensor 12 may be applied to the patient’s tissue. In
step 124, the ECG sensor 16 may be applied to the patient’s
tissue. In step 126, an operator may provide a user input
(e.g., via input 36, which may be a touchscreen or any other
suitable input device) indicating initiation of CPR applica-
tion. In step 128, the operator may provide CPR (e.g., chest
compressions and/or breaths) and/or apply shock therapy
based on indications (e.g., displayed or audible indications)
provided by processor 50, which may be generated and
provided as discussed above with respect to FIG. 7. For
example, if the processor 50 provides an indication to
increase a depth of chest compressions (i.e., because the
MCPR metric is below the MCPR threshold), the operator
may increase the depth of chest compressions. If the pro-
cessor 50 provides an indication to apply shock therapy, the
operator may cease chest compressions and apply a defi-
brillation shock.

What is claimed is:

1. A method for determining an efficacy of cardiopulmo-
nary resuscitation (CPR), the method comprising, using a
processor configured to determine the efficacy of CPR,
wherein the processor is associated with a patient monitor,
an oximetry sensor, and an electrocardiogram (ECG) sensor,
and wherein determining the efficacy of CPR comprises:

receiving, at the processor, a plethysmography signal

from the oximetry sensor;

receiving, at the processor, an ECG signal from the ECG

sensor;
determining a first indicator related to the efficacy of CPR
based on the plethysmography signal, using the pro-
Ccessor;

determining a second indicator related to the efficacy of
CPR based on the ECG signal, using the processor; and
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combining the first indicator and the second indicator to
determine a combination metric indicative of the effi-
cacy of CPR, using the processor.

2. The method of claim 1, wherein the first indicator
comprises an amplitude of a non-cardiac pulse, an oxygen
saturation (SpO2), a regional oxygen saturation (rSO2), a
perfusion index, a characteristic of a baseline of the plethys-
mography signal, or any combination thereof, and wherein
the second indicator comprises a characteristic measure of
the ECG signal, a cardioversion outcome prediction (COP)
metric, or any combination thereof.

3. The method of claim 1, wherein the first indicator
comprises an amplitude of a non-cardiac pulse and wherein
the second indicator comprises a characteristic measure of
the ECG signal.

4. The method of claim 1, wherein the first indicator
comprises an amplitude of a non-cardiac pulse and the
second indicator comprises a cardioversion outcome predic-
tion (COP) metric.

5. The method of claim 4, wherein combining the first and
second indicators comprises assigning weights to the first
and second indicators, and wherein the COP metric is
assigned a higher weight than the amplitude of the non-
cardiac pulse.

6. The method of claim 1, wherein determining the
efficacy of CPR comprises inputting the first indicator and
the second indicator into a trained classifier.

7. The method of claim 1, comprising determining, using
the processor, an indication of the efficacy of CPR based on
the combination metric, and providing, using the processor,
the indication of the efficacy of CPR on a display or via a
speaker.

8. The method of claim 7, wherein the indication com-
prises a displayed or spoken text message.

9. The method of claim 1, comprising determining a
probability of a return of spontaneous circulation upon
application of a defibrillation shock, wherein determining
the probability comprises:

determining a combination cardioversion outcome pre-
diction (COP) metric indicative of the probability based
at least in part on a perfusion index derived from the
plethysmography signal and a COP metric derived
from the ECG signal, using the processor;

determining, using the processor, an indication of the
probability based on the combination COP metric; and

providing, using the processor, the indication of the
probability on a display or via a speaker.
10. A system, comprising:
a processor associated with an oximetry sensor and an
electrocardiogram (ECG) sensor, or with a patient
monitor that is configured to be communicatively
coupled to the oximetry sensor and the ECG sensor,
wherein the processor is configured to execute instruc-
tions stored on a memory to:
determine a first indicator related to an efficacy of CPR
based on a plethysmography signal generated by the
oximetry sensor;

determine a second indicator related to the eflicacy of
CPR based on an ECG signal generated by the ECG
sensor;

input the first indicator and the second indicator into a
trained classifier to output a metric indicative of an
efficacy of CPR; and

Mar. 9, 2017

output an indication of the efficacy of CPR on a display
or via a speaker of the patient monitor, the oximetry
sensor, or the ECG sensor

11. The system of claim 10, wherein the first indicator
comprises an amplitude of a non-cardiac pulse of the
plethysmography signal, a regional oxygen saturation
(rSO2) value, an oxygen saturation value (Sp0O2), a perfu-
sion index, a baseline of the plethysmography signal, or any
combination thereof.

12. The system of claim 10, wherein the second indicator
comprises a characteristic measure of the ECG signal or a
cardioversion outcome prediction (COP) metric.

13. The system of claim 10, wherein the first indicator
comprises an amplitude of a non-cardiac pulse of the
plethysmography signal and the second indicator comprises
at least one of a characteristic measure of the ECG signal or
a cardioversion outcome prediction (COP) metric.

14. The system of claim 10, wherein the second indicator
comprises a cardioversion outcome prediction (COP) met-
ric, and the processor is configured to assign a first weight
to the COP metric and a second weight to the first indicator
during determination of the efficacy of CPR, and the first
weight is greater than the second weight.

15. The system of claim 10, wherein the trained classifier
comprises a neural network.

16. The system of claim 10, wherein the processor is
configured to:

determine a probability of a return of spontaneous circu-

lation upon application of a defibrillation shock by
determining a combination cardioversion outcome pre-
diction (COP) metric indicative of the probability based
at least in part on a perfusion index derived from the
plethysmography signal and a COP metric derived
from the ECG signal;

determine an indication of the probability based on the

combination COP metric; and

provide the indication of the probability on a display or

via a speaker, wherein the indication of the probability
comprises a displayed or an audible message instruct-
ing an operator to apply the defibrillation shock if the
combination COP metric exceeds a threshold value.

17. A system, comprising:

an oximetry sensor configured to be applied to a patient

and to generate a plethysmography signal;

an electrocardiogram (ECG) sensor configured to be

applied to the patient and to generate an ECG signal,

a processor associated with the oximetry sensor and the

ECG sensor, or with a patient monitor that is configured

to be communicatively coupled to the oximetry sensor

and the ECG sensor, wherein the processor is config-

ured to execute instructions stored on a memory to:

determine a first indicator based on the plethysmogra-
phy signal;

determine a second indicator based on the ECG signal;
and

determine an efficacy of CPR based at least in part on
the first indicator and the second indicator.

18. The system of claim 17, wherein the first indicator
comprises an amplitude of a non-cardiac pulse, an oxygen
saturation (SpO2), a regional oxygen saturation (rSO2), a
perfusion index, a characteristic of a baseline of the plethys-
mography signal, or any combination thereof, and wherein
the second indicator comprises a characteristic measure of
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the ECG signal, a cardioversion outcome prediction (COP)
metric, or any combination thereof.

19. The system of claim 17, wherein the processor is
configured to provide an indication of the efficacy of CPR on
a display or via a speaker.

20. The system of claim 17, wherein the processor is
configured to determine a probability of a return of sponta-
neous circulation upon application of shock therapy based at
least in part on the first indicator and the second indicator.

21. The system of claim 20, wherein the processor is
configured to provide an indication of the efficacy of CPR on
a display or via a speaker until the probability exceeds a
threshold value, and to provide instructions on the display or
via the speaker to stop CPR and apply a defibrillation shock
if the probability exceeds the threshold value.
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