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PHOTOPLETHYSMOGRAPHY PULSE OXIMETER

FOR CARDIOPULMONARY RESUSCITATION

FIELD OF THE INVENTION
[0001] The present disclosure relates generally to photoplethysmography for detecting
volumetric changes in a peripheral circulation of blood. The present disclosure specifically

relates to an application of photoplethysmography to cardiopulmonary resuscitation.

BACKGROUND OF THE INVENTION
[0002] Cardiopulmonary resuscitation (CPR) is an emergency procedure for a person
suffering from a cardiac arrest whereby a goal of CPR is to achieve return of spontancous
circulation (ROSC). During CPR, chest compressions are delivered to artificially generate
circulation of blood, and ventilations are given to supply blood with oxygen. When ROSC has
been achieved, the heart of the cardiac arrested person has resumed beating and generates a
spontaneous circulation which is life-sustaining. CPR may therefore be stopped after achieving
ROSC.
[0003] Determining whether the cardiac arrested person has achieved ROSC involves
checking whether the person has a spontancous circulatory pulse, i.e., whether the heart is
beating and generating output. Currently in the art of the present disclosure, pulse checks are
typically performed by manual palpation. However, manual palpation is known to be unreliable
and time-consuming, and requires interruption of the chest compressions. Manual palpation
therefore may take significantly longer than the ten (10) seconds recommended by the CPR

guidelines for ROSC assessment, especially when a spontancous pulse is absent. As a result,
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manual palpation may lead to long interruptions in the chest compressions, which reduces the
compression-generated blood flow and may thereby negatively impact CPR outcome.

[0004] Pulse detection may be supported by using photoplethysmography (PPG), which
is a readily available, non-invasive and easy-to-use optical technology currently widely applied
in pulse oximetry. More particularly, pre-clinical results in the art of the present disclosure

support the feasibility of PPG-based pulse detection during CPR.

SUMMARY OF THE INVENTION
[0005] In accordance with exemplary embodiments of the present disclosure, the
inventions of the present disclosure are derived from a recognition that, when a heart of a cardiac
arrested person resumes beating, a spontancous pulse of the person may be observed directly in
a PPG signal measured at a central location of the person (e.g., nose, car or forechead), and the
spontancous pulse of the person may be subsequently observed in a PPG signal measured at a
peripheral location of the person (e.g., finger or toe) with a delay of about sixty (60) seconds. As
such, the inventions of the present disclosure premised in view of a central PPG signal being
better suited to an early detection of a presence of a spontancous pulse of the person and further
in view of a peripheral PPG signal providing a qualitative measure of the level of circulation of
the person (i.c., when a spontancous pulse of the person is observed peripherally, the inventions
of the present disclosure indicate that some minimum level of circulation has been achieved by
that person).
[0006] More particularly, the inventions of the present disclosure provide devices,
controls and methods incorporating two (2) PPG sensors to support pulse detection during CPR.

One PPQG sensor is placed centrally on a cardiac arrested person to obtain an early indication of
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presence of a spontancous pulse, and the other PPG sensor is placed peripherally on the person to
obtain a qualitative measure of the level of circulation of the person. Consequently, the central
PPG mecasurement may advantageously provide clinical decision support regarding
administration of medication during the CPR, and the peripheral PPG measurement may
advantageously provide clinical decision support regarding when to stop chest compressions and
further assess for a potential ROSC.

[0007] One embodiment of the inventions of the present disclosure is a PPG pulse
oximeter comprising a dual PPG probe including a central PPG sensor and a peripheral PPG
sensor. The PPG pulse oximeter further comprises a pulse oximeter monitor configured in
connection with the dual PPG probe to (1) control synchronous generations of a central PPG
signal by the central PPG sensor and of a peripheral PPG signal by the peripheral PPG sensor
and (2) control a CPR pulse detection by the dual PPG probe including a detection of a presence
of a spontancous pulse of the central PPG signal and a detection of a presence of a spontancous
pulse of the peripheral PPG signal.

[0008] A second embodiment of the inventions of the present disclosure is a PPG pulse
monitoring method. The method involves (1) identifying, by a pulse oximeter monitor, a
connection of the pulse oximeter monitor to a dual PPG probe including a central PPG sensor
and a peripheral PPG sensor, (2) controlling, by the pulse oximeter monitor, synchronous
generations of a central PPG signal by the central PPG sensor and of the peripheral PPG signal
by the peripheral PPG sensor, and (3) controlling, by the pulse oximeter monitor, a CPR pulse
detection by the dual PPG probe including detecting a presence of a spontancous pulse of the

central PPG signal and detecting a presence of a spontancous pulse of the peripheral PPG signal.
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[0009] For purposes of describing and claiming the inventions of the present disclosure,
the term “‘pulse oximeter” broadly encompasses all devices, known prior to and subsequent to the
present disclosure, for monitoring an oxygen saturation (SOz or SpO») of a person and optionally
monitoring a pulse rate of the person. Examples of a "pulse oximeter” include, but are not
limited to Philips FAST SpO2 as available for the Philips IntelliVue series.

[0010] Also for purposes of describing and claiming the inventions of the present
disclosure,

)] the term “PPG pulse oximeter” broadly encompasses all pulse oximeters
incorporating inventive principles of the present disclosure as exemplary described herein, and
the term “PPG pulse monitoring method” broadly encompasses all pulse oximetry based methods
that incorporate the inventive principles of the present disclosure as exemplary described herein;

2) terms of the art including, but not limited to, “CPR", "PPG", "probe", "sensor",

"non

"monitor"”, "light emitter", "light emitting diode", "light detector”, "photodetector”, "optical
fiber", "connector"”, "socket" and "microcontroller” are to be interpreted as understood in the art
of the present disclosure and as exemplary described herein;

3) the descriptive labeling of the terms "probe”, “sensor”, "light", "light emitter”,
"light emitting diode", "light detector" and "photodetector” as cither "central™ or "peripheral”
facilitates a distinction between such terms as described and claimed herein without specifying
or implying any additional limitation to the terms;

(@) the term ““application module” broadly encompasses a component of a
microcontroller including an electronic circuit and/or an executable program (e.g., executable

software and/or firmware stored on non-transitory computer readable medium(s)) for executing a

specific application. Any descriptive labeling of an application module herein (e.g., a “pulse
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width modulator” module, “ROSC detector’” module and a "ROSC indicator") serves to identify
a particular application module as described and claimed herein without specifying or implying
any additional limitation to the term “application module”; and

5) the term “‘signal” broadly encompasses all forms of a detectable physical quantity
or impulse (e.g., voltage, current, or magnetic field strength) as understood in the art of the
present disclosure and as exemplary described herein for communicating information in support
of applying various inventive principles of the present disclosure as subsequently described
herein. Any descriptive labeling for the term “signal” herein facilitates a distinction between
signals as described and claimed herein without specifying or implying any additional limitation
to the term “‘signal”.
[0011] The foregoing embodiments and other embodiments of the inventions of the
present disclosure as well as various features and advantages of the present disclosure will
become further apparent from the following detailed description of various embodiments of the
present disclosure read in conjunction with the accompanying drawings. The detailed
description and drawings are merely illustrative of the present disclosure rather than limiting, the
scope of the present disclosure being defined by the appended claims and equivalents thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIGS. 1A and 1B illustrates an exemplary embodiment of pulse oximeter as
known in the art of the present disclosure.
[0013] FIGS. 2A and 2B illustrates exemplary embodiments of a PPG sensor pair in
accordance with the inventive principles of the present disclosure.
[0014] FIG. 3 illustrates exemplary PPG signals in accordance with the inventive

principles of the present disclosure.
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[0015] FIGS. 4A and 4B illustrates a first exemplary embodiment of PPG pulse oximeter
in accordance with the inventive principles of the present disclosure.
[0016] FIGS. 5A and 5B illustrates a second exemplary embodiment of PPG pulse
oximeter in accordance with the inventive principles of the present disclosure.
[0017] FIGS. 6A and 6B illustrates a third exemplary embodiment of PPG pulse
oximeter in accordance with the inventive principles of the present disclosure.
[0018] FIG. 7 illustrates a flowchart representative of an exemplary embodiment of a
PPG pulse monitoring method in accordance with the inventive principles of the present
disclosure.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0019] Referring to FIGS. 1A and 1B, a pulse oximeter 20 as known in the art of the
present disclosure employs pulse oximeter monitor 30 and a pulse oximeter probe 50 having a
connector 60 for plugging into a socket 40 of pulse oximeter monitor 30 to thereby couple a light
emitter 51 (e.g., an infra-red light emitting diode) and a light emitter 52 (e.g., a red light-emitting
diode) of an SpO2 sensor of pulse oximeter probe 50 in an anti-parallel configuration to a sensor
driver 75 of pulse oximeter monitor 30, and for coupling a light detector 53 (e.g., a
photodetector) of the SpO2 sensor of pulse oximeter probe 50 to a signal conditioner 77.
[0020] In operation, upon a mounting of pulse oximeter probe 50 unto a peripheral
location of a person (e.g., a finger 10 as shown), microcontroller 70 executes a pulse width
modulator 73 to control a synchronized emission of light by light emitter 51 and light emitter 52
via respective pulses 76a and 76b applied by sensor driver 75 to light emitter 51 and light emitter
52 as known in the art of the disclosure. In practice, pulse 76a and pulse 76b generate optical

pulses of different wavelengths, via light emitter 51 and light emitter 52, respectively.
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[0021] Light emitter 51, light emitter 52 and light detector 53 are optically coupled
within pulse oximeter probe 50 whereby light detector 53 will detect light passing through the
peripheral location of a person (e.g., finger 10 as shown) to thereby produce a first wavelength
detection signal 54 and a second wavelength detection signal 55 as known in art of the present
disclosure. Upon being conditioned by signal conditioner 77, microcontroller 70 executes an
SpO2 detector 74a to thereby monitor an oxygen saturation of a person as known in the art of the
present disclosure, and further executes a pulse rate detector 74b to thereby monitor a pulse rate
of the person as known in the art of the present disclosure. Microcontroller 70 employs
additional modules (not shown) for displaying and communicating a status of the monitored
oxygen saturation of the person and a status of the pulse rate of the person.

[0022] To improve upon the prior art of FIGS. 1A and 1B, as will be further described in
the present disclosure, embodiments of the inventions of the present disclosure incorporate two
(2) single wavelength PPG sensors (e.g., red, near-infrared or green light emitting diodes) using
the dual-wavelength pulse oximetry socket 40 (FIG. 1) of known pulse oximeter. This allows for
the development of a dedicated CPR dual-PPG-based pulse detection probe which is compatible
with the current sockets of pulse oximeters (e.g., socket 40 of pulse oximeter 20).

[0023] To facilitate an understanding of the present disclosure, the following description
of FIGS. 2 and 3 teaches inventive principles of PPG sensors in accordance with the inventive
principles of the present disclosure. From the description of FIG. 1, those having ordinary skill
in the art of the present disclosure will appreciate how to apply the inventive principles of the
present disclosure for making and using numerous and various embodiments of PPG sensors of

the present disclosure.
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[0024] Referring to FIG. 2A, the inventions of the present disclosure provide for a
peripheral PPG sensor 81 employing an optical coupling of a light emitter 82 (e.g., red, near-
infrared or green light emitting diode) and a light detector 83 (e.g., a photodiode) whereby light
emitted by light emitter 82 through a peripheral location of a person (e.g., finger 10 as shown) is
detected by light detector 83. The inventions of the present disclosure further provide for a
central PPG sensor 91 employing an optical coupling of a light emitter 92 (e.g., red, near-
infrared, or green light emitting diode) and a light detector 93 (e.g., a photodiode) whereby light
emitted by light emitter 92 through a central location of a person (e.g., anose 11 or an ear 12 as
shown, or a forechead) is detected by light detector 93.

[0025] FIG. 2B illustrates an alternate embodiment of a peripheral PPG sensor 81' and a
central PPG sensor 91' sharing a common light detector 100 (e.g., a photodetector) that is
optically coupled via an optical fiber 101 to light emitter 82 and optically coupled via an optical
fiber 102 to light emitter 92.

[0026] FIG. 3 illustrates an exemplary peripheral PPG signal 110 obtained by peripheral
PPG sensor 81/81'" from finger 10, and central PPG signals 111 and 112 obtained by central PPG
sensor 91/91' from a nasal septum of nose 11 and an ear pinna of ear 12. FIG. 3 shows that when
the heart of the patient resumes beating, a spontancous pulse 114 and 115 respectively may be
observed directly in the PPG signals 111 and 112 measured centrally at the nose 11 and the ear
12, but with a delay of about sixty (60) seconds for a spontancous pulse 113 in the peripheral
PPG signal 110 measured peripherally at the finger 10. The inventions of the present disclosure
are premised on central PPG signals 111 and 112 being better suited to early detect presence of a
spontaneous pulse during CPR and peripheral PPG signal 110 providing a more qualitative

measure of the level of circulation.
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[0027] To further facilitate an understanding of the present disclosure, the following
description of FIGS. 4-6 teaches inventive principles of PPG pulse oximeters in accordance with
the inventive principles of the present disclosure. From the description of FIG. 1, those having
ordinary skill in the art of the present disclosure will appreciate how to apply the inventive
principles of the present disclosure for making and using numerous and various embodiments of
PPG pulse oximeters of the present disclosure.

[0028] Referring to FIGS. 4A and 4B, a PPG pulse oximeter 21 of the present disclosure
employs a pulse oximeter monitor 31 and a dual PPG probe including a peripheral PPG probe 80
and a central PPG probe 90. Pulse oximeter monitor 31 represents a retrofit or a redesign of
pulse oximeter 30 (FIG. 1A) whereby a connector 61 of the dual PPG probe is pin-compatible
with socket 40 of pulse oximeter monitor 31 and further whereby a microcontroller 71 includes a
central ROSC indicator 78a and a peripheral ROSC indicator 78b in addition to or in
replacement of SpO2 detector 74a (FIG. 1B) and pulse rate detector 74b (FIG. 1B). More
particular to the retrofit or the redesign of pulse oximeter 30, in practice, the compatibility of
connector 61 of dual PPG probe 80/90 with socket 40 of pulse oximeter monitor 30 (FIG. 1)
enables the hardware of pulse oximeter monitor 31 to be identical to the hardware of pulse
oximeter monitor 30 with the addition of firmware implementing central ROSC indicator 78a
and peripheral ROSC indicator 78b. Further in practice, for PPG pulse oximeters of the present
disclosure incorporating firmware implementing SpO2 detector 74a, pulse rate detector 74b,
central ROSC indicator 78a and peripheral ROSC indicator 78b, such PPG pulse oximeters will
be capable of differentiating a connection of connector 60 of pulse oximeter probe 50 (FIG. 1A)

to socket 40 of pulse oximeter monitor 31 and a connection of connector 61 of dual PPG probe
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80/90 to socket 40 of pulse oximeter monitor 31 as will be further described in the present
disclosure.

[0029] Peripheral PPG probe 80 includes peripheral PPG sensor 81 (FIG. 2A) and central
PPG probe 90 includes central PPG sensor 91 (FIG. 2A).

[0030] Prior to operation, connector 61 is plugged into a socket 40 to thereby couple a
light emitter 82 (e.g., a red, near-infrared or green emitting diode) and a light emitter 92 (e.g., a
red, near-infrared or green light-emitting diode) in an anti-parallel configuration to sensor driver
75 of pulse oximeter monitor 31, and for coupling light detector 83 (e.g., a photodetector) and
light detector 93 (e.g., a photodetector) in a parallel configuration to signal conditioner 77.
[0031] In operation, upon a mounting of peripheral PPG probe 80 unto a peripheral
location of a person (e.g., finger 10 as shown) and a mounting of central PPG probe 90 unto a
central location of the person (e.g., nose 11 or ear 12 as shown, or a forchead), microcontroller
71 executes pulse width modulator 73 to control synchronized emission of light by light emitter
82 and light emitter 92 via respective pulses 76¢ and 76d applied by sensor driver 75 to light
emitter 82 and light emitter 92 as known in the art of the disclosure. In practice, pulse 76¢ and
pulse 76d may generate optical pulses of the same wavelength, via light emitter 82 and light
emitter 92, respectively.

[0032] Light emitter 92 and light detector 93 are optically coupled within central PPG
probe 90 whereby light detector 93 will detect light passing through the central location of the
person (e.g., nose 11 or ear 12 as shown, or a forehead) to thereby produce central PPG signal 94
indicative of a volumetric change in a central circulation of the person. Upon central PPG signal

94 being conditioned by signal conditioner 77, microcontroller 71 executes a central ROSC
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indicator 78a to indicate an carly detection of a beating heart, which may support decision
making regarding medication.

[0033] Similarly, light emitter 82 and light detector 83 are optically coupled within
peripheral PPG probe 80 whereby light detector 83 will detect light passing through the
peripheral location of the person (e.g., finger 10 as shown) to thereby produce peripheral PPG
signal 84 indicative of a volumetric change in a peripheral circulation of the person. Upon
peripheral PPG signal 84 being conditioned by signal conditioner 77, microcontroller 71
executes a peripheral ROSC indicator 78b to provide a qualitative indication of the level of the
spontaneous circulation thus providing decision support in when to stop CPR and further assess a
potential return of spontancous circulation (ROSC).

[0034] Microcontroller 71 employs additional modules (not shown) for displaying and
communicating a status of any pulse detection during, preceding and/or succeeding CPR of the
person.

[0035] Referring to FIGS. 5A and 5B, a PPG pulse oximeter 22 of the present disclosure
employs pulse oximeter monitor 31 and a dual PPG probe alternatively including a peripheral
PPG probe 80' and a central PPG probe 90' as shown in FIG. 2B.

[0036] Referring to FIGS. 6A and 6B, a PPG pulse oximeter 23 of the present disclosure
employs a pulse oximeter monitor 32, a dual PPG probe of FIGS. 4A and 4B or FIGS. 5A and
5B, and the pulse oximeter probe 50 of FIGS. 1A and 1B. To this end, information is encoded in
a connector 62 of the pulse oximeter probe 50 and a connector 63 of the dual PPG probe via an
identification means (e.g., via a coding resistor or an 1C) whereby a probe identifier 79 of
microcontroller 72 may ascertain whether a pulse oximetry probe or the dual PPG probe is

attached to the pulse oximetry monitor 32. As such, a detection of the type of probe will

11
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determine which parts of the firmware will be activated. In case of a detection of a connection to
dual PPG probe 80/90 or 80°/90” via connector 63, central ROSC detector 78a and peripheral
ROSC detector 78b will be activated among other elements. Conversely, in case of a detection
of connection to pulse oximetry probe 50 via connector 62, SpO2 detector 74a and pulse rate
detector 74b will be activated among other elements. As a result, pulse oximeter monitor 32 will
automatically switch to “CPR mode” upon connection with dual PPG probe 80/90 or 80°/90° and
automatically switch to “SpO2 mode’ upon connection with pulse oximetry probe 50.

[0037] FIG. 7 illustrates a flowchart 200 representing a PPG pulse monitoring method of
the present disclosure. Referring to FIG. 7, a stage S202 of flowchart 200 encompasses a
synchronized emitter activation during CPR, preceding CPR and/or succeeding CPR.

[0038] A stage S204 and a stage S206 of flowchart 200 encompasses an analysis of the
PPG signals obtained from two (2) sites. Specifically, a central ROSC indicator 78a and a
peripheral ROSC indicator 78b as previously described herein include algorithms designed to
detect a spontancous pulse component in the respective PPG signal during CPR, preceding CPR
and/or succeeding CPR as known in the art of the present disclosure. Stage S204 and stage S206
may utilize additional information about the presence and rate of the chest compressions, derived
from, e.g., an accelerometer, trans-thoracic impedance signal, a force signal, or a radar signal.
The information about compressions can be used to determine how to analyze the PPG signals.
First, a spectral analysis of the PPG signals taking into account all compression-related
frequency components. Second, a filtering technique to remove or attenuate all compression-
related frequency components from the PPG signals. Third, a technique which relies on a PPG

signal acquired during a quiet period in CPR without any chest compression components.

12
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[0039] Furthermore, an optional stage S208 of flowchart 200 may be applied to track
blood pressure changes by analyzing time differences between the cardiac-induced pulses in the
two synchronously acquired PPG signals, which can be implemented as a trend indicator for the
status of the circulation. Stage S208 may be incorporated in a central ROSC indicator 78a or a
peripheral ROSC indicator 78b.

[0040] A stage S210 of flowchart 200 provides for a display or communication of any
pulse detection and/or circulation trend indication during CPR.

[0041] Once initially implemented, stage S204-S210 are continuously and
simultaneously executed until an interruption or a termination of flowchart 200.

[0042] Referring to FIGS. 1-7, those having ordinary skill in the art will appreciate
numerous benefits of the inventions of the present disclosure including, but not limited to, an
improvement of pulse oximeters for pulse detection during, preceding and/or succeeding CPR.
[0043] The present disclosure disclosed herein has been described with reference to the
preferred embodiments. Modifications and alterations may occur to others upon reading and
understanding the preceding detailed description. It is intended that the invention be construed
as including all such modifications and alterations insofar as they come within the scope of the
appended claims or the equivalents thereof.

[0044] Further, as one having ordinary skill in the art shall appreciate in view of the
teachings provided herein, features, elements, components, etc. disclosed and described in the
present disclosure/specification and/or depicted in the appended Figures may be implemented in
various combinations of hardware and software, and provide functions which may be combined
in a single element or multiple elements. For example, the functions of the various features,

clements, components, etc. shown/illustrated/depicted in the Figures can be provided through

13



10

15

20

WO 2020/011982 PCT/EP2019/068831

the use of dedicated hardware as well as hardware capable of executing software in association
with appropriate software. When provided by a processor, the functions can be provided by a
single dedicated processor, by a single shared processor, or by a plurality of individual
processors, some of which can be shared and/or multiplexed. Moreover, explicit use of the term
“processor” or “controller” should not be construed to refer exclusively to hardware capable of
executing software, and can implicitly include, without limitation, digital signal processor
(“DSP”) hardware, memory (e.g., read only memory (“ROM”) for storing software, random
access memory (“RAM?”), non-volatile storage, etc.) and virtually any means and/or machine
(including hardware, software, firmware, combinations thereof, etc.) which is capable of (and/or
configurable) to perform and/or control a process.

[0045] Moreover, all statements herein reciting principles, aspects, and exemplary
embodiments of the present disclosure, as well as specific examples thereof, are intended to
encompass both structural and functional equivalents thereof. Additionally, it is intended that
such equivalents include both currently known equivalents as well as equivalents developed in
the future (e.g., any elements developed that can perform the same or substantially similar
functionality, regardless of structure). Thus, for example, it will be appreciated by one having
ordinary skill in the art in view of the teachings provided herein that any block diagrams
presented herein can represent conceptual views of illustrative system components and/or
circuitry embodying the principles of the invention. Similarly, one having ordinary skill in the
art should appreciate in view of the teachings provided herein that any flow charts, flow
diagrams and the like can represent various processes which can be substantially represented in
computer readable storage media and so executed by a computer, processor or other device with

processing capabilities, whether or not such computer or processor is explicitly shown.
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[0046] Having described preferred and exemplary embodiments of dual-PPG probes in
combination with pulse oximeter monitors and operating methods thereof, (which embodiments
are intended to be illustrative and not limiting), it is noted that modifications and variations can
be made by persons having ordinary skill in the art in view of the teachings provided herein,
including the appended Figures and claims. It is therefore to be understood that changes can be
made in/to the preferred and exemplary embodiments of the present disclosure which are within
the scope of the present disclosure and exemplary embodiments disclosed and described herein.
[0047] Moreover, it is contemplated that corresponding and/or related systems
incorporating and/or implementing the device or such as may be used/implemented in a device in
accordance with the present disclosure are also contemplated and considered to be within the
scope of the present disclosure. Further, corresponding and/or related method for manufacturing
and/or using a device and/or system in accordance with the present disclosure are also

contemplated and considered to be within the scope of the present disclosure.
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Claims

1. A PPG pulse oximeter (21,22,23), comprising:
a dual PPG probe including a central PPG sensor (90,90") and a peripheral PPG sensor
(80,80"; and
a pulse oximeter monitor (31,32) configured in connection with the dual PPG probe to:
control synchronous generations of a central PPG signal by the central PPG
sensor (90,90") and of a peripheral PPG signal by the peripheral PPG sensor (80,80");
control a CPR pulse detection by the dual PPG probe including a detection of a
presence of a spontancous pulse of the central PPG signal and a detection of a presence of a

spontaneous pulse of the peripheral PPG signal.

2. The PPG pulse oximeter (21,22,23) of claim 1,

wherein the central PPG sensor (90,90") includes a central light emitter optically coupled
to a central light detector; and

wherein the peripheral PPG sensor (80,80") includes a peripheral light emitter optically

coupled to a peripheral light detector.

3. The PPG pulse oximeter (21,22,23) of claim 1,
wherein the central PPG sensor (90,90") includes a central light emitter;
wherein the peripheral PPG sensor (80,80") includes a peripheral light emitter; and
wherein the dual PPG probe further includes a common photodetector optically coupled

to the central light emitter and the peripheral light emitter.
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4. The PPG pulse oximeter (21,22,23) of claim 1, wherein the PPG pulse monitor (31,32) is
further configured in connection with the dual PPG probe to:
during chest compressions of a CPR, detect the presence of the spontancous pulse of the

central PPG signal and detect the presence of the spontancous pulse of the peripheral PPG signal.

5. The PPG pulse oximeter (21,22,23) of claim 1, wherein the PPG pulse monitor (31,32) is
further configured in connection with the dual PPG probe to:

at least one of preceding and succeeding chest compressions of a CPR, detect the
presence of the spontancous pulse of the central PPG signal and detect the presence of the

spontaneous pulse of the peripheral PPG signal.

6. The PPG pulse oximeter (21,22,23) of claim 1, wherein the PPG pulse monitor (31,32) is
further configured in connection with the dual PPG probe to:
measure a differential transit time between a cardiac-induced pulse of the central PPG

signal and a cardiac-induced pulse of the peripheral PPG signal.

7. The PPG pulse oximeter (21,22,23) of claim 1,
wherein the dual PPG probe further includes a sensor identification; and
wherein the pulse oximeter monitor (31,32) is further configured in connection with the
dual PPG probe to:
identify the connection of the dual PPG probe to the pulse oximeter monitor

(31,32) based on the sensor identification of the dual PPG probe.

17
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8. The PPG pulse oximeter (21,22,23) of claim 7, further comprising
a pulse oximeter probe (50) including a sensor identification; and
wherein the pulse oximeter monitor (31,32) is further configured in connection with the
5  pulse oximeter probe (50) to:
identify the connection of the pulse oximeter probe (50) to the pulse oximeter

monitor (31,32) based on the sensor identification of the pulse oximeter probe (50).

9. A PPG pulse monitoring method, comprising:
10 identifying, by a pulse oximeter monitor (31,32), a connection of the pulse oximeter
monitor (31,32) to a dual PPG probe including a central PPG sensor (90,90") and a peripheral
PPG sensor (80,80");
controlling, by the pulse oximeter monitor (31,32), synchronous generations of a central
PPG signal by the central PPG sensor (90,90") and of the peripheral PPG signal by the peripheral
15  PPG sensor (80,80");
controlling, by the pulse oximeter monitor (31,32), a CPR pulse detection by the dual
PPG probe including detecting a presence of a spontancous pulse of the central PPG signal and

detecting a presence of a spontancous pulse of the peripheral PPG signal.

20  10. The PPG pulse monitoring method of claim 9,

wherein the central PPG sensor (90,90") includes a central light emitter optically coupled

to a central light detector;
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wherein the peripheral PPG sensor (80,80") includes a peripheral light emitter optically
coupled to a peripheral light detector; and

wherein the controlling, by the pulse oximeter monitor (31,32), synchronous generations
of a central PPG signal by the central PPG sensor (90,90") and of the peripheral PPG signal by
the peripheral PPG sensor (80,80") includes:

controlling, by the pulse oximeter monitor (31,32), synchronized activations of the

central light emitter and the peripheral light emitter.

11. The PPG pulse monitoring method of claim 9,

wherein the central PPG sensor (90,90") includes a central light emitter;

wherein the peripheral PPG sensor (80,80") includes a peripheral light emitter;

wherein the dual PPG probe further includes a common photodetector optically coupled
to the central light emitter and the peripheral light emitter; and

wherein the controlling, by the pulse oximeter monitor (31,32), synchronous generations
of a central PPG signal by the central PPG sensor (90,90") and of the peripheral PPG signal by
the peripheral PPG sensor (80,80") includes:

controlling, by the pulse oximeter monitor (31,32), synchronized activations of the

central light emitter and the peripheral light emitter.

12. The PPG pulse monitoring method of claim 9, wherein both the detecting by pulse
oximeter monitor (31,32) of the presence of the spontaneous pulse of the central PPG signal and
of the presence of the spontancous pulse of the peripheral PPG signal are during chest

compressions of a CPR.
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13. The PPG pulse monitoring method of claim 9, wherein both the detecting by pulse
oximeter monitor (31,32) of the presence of the spontaneous pulse of the central PPG signal and
of the presence of the spontancous pulse of the peripheral PPG signal are at least one of

preceding and succeeding chest compressions of a CPR.

14. The PPG pulse monitoring method of claim 9, wherein the controlling, by the pulse
oximeter monitor (31,32) further includes:

measuring, by the pulse oximeter monitor (31,32), a differential transit time between a
cardiac-induced pulse of the central PPG signal and a cardiac-induced pulse of the peripheral

PPG signal.

15. The PPG pulse monitoring method of claim 9, further comprising:

identifying, by the pulse oximeter monitor (31,32), a disconnection of the dual PPG probe
from the pulse oximeter monitor (31,32) and a subsequent connection of a pulse oximeter probe
(50) to the pulse oximeter monitor (31,32) or a disconnection of a pulse oximeter probe (50)
from the pulse oximeter monitor (31,32) and a subsequent connection of the dual PPG probe to

the pulse oximeter monitor (31,32).
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