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(7) ABSTRACT

The disclosed physiological feedback systems and methods
assist with assessing, monitoring and/or treating a patient
experiencing a cardiac arrest event. The systems and meth-
ods receive multiple inputs and are continuous and/or itera-
tive during a treatment session to provide physiological state
trends of the patient. An index of the physiological state of
the patient can be derived and confounders, and/or their
effects, can be identified, and/or removed, from the index.
Additionally, the systems and methods can assist with deter-
mining ischemic injury in a patient based on cerebral tissue
oxygenation and/or other physiological data.
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PHYSIOLOGICAL FEEDBACK SYSTEMS
AND METHODS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This patent application claims the benefit of and
priority to U.S. Provisional Patent Application Ser. No.
62/488,678 filed on Apr. 21, 2017 entitled “Physiological
Feedback System and Method to Support Cardiac Arrest
Resuscitation Management,” the contents of which are
hereby incorporated by reference in their entirety.

[0002] This patent application also claims the benefit of
and priority to U.S. Provisional Patent Application Ser. No.
62/489,029 filed on Apr. 24, 2017 entitled “CPR Feedback
using Tissue Oxygenation Technologies,” the contents of
which are hereby incorporated by reference in their entirety.

BACKGROUND

[0003] During cardiac arrest, a patient is pulseless and in
need of immediate life-saving treatment. Often, the first
response is to begin administering cardiopulmonary resus-
citation (CPR) to the patient to mechanically force blood
through the patient. This mechanical circulation can move
the patient’s blood in an attempt to provide oxygen to the
patient’s organs to help keep the patient alive. To assist with
the life-saving effect, one or more parameters of the admin-
istered CPR can be altered in an attempt to increase the
efficacy of the CPR.

[0004] For patients in cardiac arrest, the current treatment
protocol often requires that rescuers achieve a return of
circulation prior to transporting the patient to a hospital. This
requirement increases the likelihood that the patient is stable
and/or ensuring the patient has a reasonable expectation of
recovery from potential further treatment they later receive
at the hospital. While the return of circulation is a clear
threshold, it does not account for other potential factors that
can indicate a likelihood of a positive clinical outcome for
the patient.

[0005] There exists a need for physiological feedback
systems and methods that help rescuers improve clinical
outcomes for cardiac arrest patients.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 is an example block diagram of a physi-
ological feedback system.

[0007] FIG. 2 is an example block diagram of another
physiological feedback system.

[0008] FIG. 3 is an example block diagram of a further
physiological feedback system.

[0009] FIG. 7 is an example physiological feedback
method.

[0010] FIG. 5 is a further example physiological feedback
method.

[0011] FIG. 6 is another example physiological feedback
method.

[0012] FIG. 7 is yet another example physiological feed-
back method.

[0013] FIG. 8 is an example method of detecting the

presence of Return of Spontaneous Circulation (ROSC).

[0014] FIG. 9 is another example physiological feedback
method.
[0015] FIG. 10 is still another example physiological

feedback method.
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DETAILED DESCRIPTION

[0016] Physiological feedback systems and methods are
described herein. The described systems and methods assist
rescuers, or others, in assessing the physiological state of the
patient, and/or assessing the course of the patient’s physi-
ologic state over a patient care event, such as a resuscitation
effort. For rescuers, the systems and methods can assist with
predicting the Return of Spontaneous Circulation (ROSC),
assessing the hemodynamic stability of the patient who has
achieved ROSC for potential decline, and/or determining
eligibility of the patient for more intensive resuscitation
procedures that are only considered appropriate for a care-
fully-selected subset of patients. The described systems and
methods can allow the rescuer to continuously monitor the
physiological state of the patient and the effects of treat-
ments performed thereon. The “whole picture” monitoring
provided the rescuers can assist in determining the stability
and/or transportability of the patient. Rather than relying on
a singular or narrow criterion, the rescuer, and/or others, can
be provided a comprehensive patient monitoring/treatment
output from which further monitoring and/or treatment
decisions can be made. Additionally. this iterative/continu-
ous patient monitoring of the patient’s physiological state
can assist with assessing potential physiological damage of
the patient caused by the event they are experiencing. This
damage assessment can also be used to assist with deter-
mining further patient treatment and/or monitoring.

[0017] The systems and methods can use tissue oximetry
and/or capnography data to provide feedback regarding
monitoring and/or treatment of a patient. The feedback can
include instructions to, and/or can be used to, alter, or
otherwise change, the administration of treatment to the
patient. For example, of one or more parameters of cardio-
pulmonary resuscitation (CPR) administration can be
altered/changed based on the collected and/or analyzed
tissue oximetry and/or capnography data. The tissue oxim-
etry and/or capnography data can be used to derive an index
to aid in the monitoring and/or treatment of the patient.
Additionally, the tissue oximetry and/or capnography data
can be used to determine the Return of Spontaneous Circu-
lation (ROSC) and/or predict its likelihood. Further, the
treatment and monitoring data can be correlated, such as by
using the tissue oximetry and/or capnography data, to moni-
tor the physiological effect of one or more treatments
administered to the patient.

[0018] Further, the systems and methods described herein
can identify potential confounders and their effects on the
physiological state of the patient. Confounders are external
influences, such as environmental influences, patient treat-
ment influences, patient observations and/or other external
inputs to the patient, that can obscure or influence the patient
monitoring and/or treatment. Example confounders can
include administration of medication that causes temporary
changes in one or more physiological parameter measure-
ments, unexpected patient observations, environmental fac-
tors and/or other inputs that can obscure a physiological
state of the patient and/or the monitoring/treatment of the
patient. The described systems and methods provide con-
tinuous and iterative patient monitoring that can assist with
discriminating confounders and their influence in the patient
monitoring. Confounders, and/or their effects, can be iden-
tified in the patient monitoring due to received information,
such as patient physiological data, and/or by user input, such
as observations and/or medication administrations. In addi-
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tion to the multiple inputs that are processed and/or analyzed
as part of the index, multiple confounders can also be
accounted for. Additionally, both the confounders and/or
other patient data can be accounted for in a time domain,
allowing for the index to include temporal information that
can assist with patient treatment and/or monitoring infor-
mation.

[0019] FIG. 1 is an example patient treatment/monitoring
system 100 that includes a medical device 110 that can be
connected to and/or in communication with a sensor(s) 120,
other patient monitoring and/or treatment devices/systems
130, 140, and/or a remote location 150. The medical device
110 can receive patient data from one or more sources and
can provide regional tissue oximetry (rSO2) data—which
describes the aggregate oxygenation state of the blood
within a certain region of tissue—along with related data, to
assist with patient monitoring and/or treatment. Using the
patient data, the medical device 110 can display and/or
provide information regarding the patient status. The medi-
cal device 110 can provide an increased accuracy and/or
more comprehensive patient status by relating various
patient physiological parameter and treatment data. In this
manner, changes to the patient’s physiological state can be
more accurately assessed as an actual change in the patient’s
state or as a temporary change based on a treatment and/or
other cause. The treatments and/or other causes are con-
founders, elements and/or inputs that cause, directly and/or
indirectly, changes in the patient physiological data that
obscure changes in the patient physiological data due to
actual changes in the patient’s physiological state. Account-
ing for, noting and/or removing the confounder effects on the
patient physiological data allow for an increased accuracy in
such data for assessment, monitoring and/or treating the
patient. For example, administration of certain medications
can cause a temporary and/or immediate increase in the CO,
levels in the patient’s blood, and thus the end-tidal CO,
values measured by capnography. Such change in the physi-
ological parameter data, capnography, of the patient, due to
the medication administration, is short-term and/or tempo-
rary. A rescuer, device and/or system can monitor the
capnography data and may misinterpret the temporary
increase in CO, production as an indicator of patient
improvement, and consequently may administer further
patient monitoring and/or treatment based on this interpre-
tation. By relating the physiologic parameter and treatment
data, the system 100 can help the rescuer and/or device
avoid misinterpreting such a change in one or more patient
physiological parameters as an actual change in the patient
state, rather than just an artifact of the medication admin-
istration.

[0020] The medical device 110 can include an input 112,
a monitoring module 114 and/or a sensor(s) 116. To collect
and/or receive patient data, the medical device can include
the sensor(s) 116 and/or can communicate with other
devices and/or systems, such as the sensor(s) 120, a chest
compression machine 130, a defibrillation device 140, the
remote location 150 and/or other external devices and/or
systems. The collected and/or received patient data can
include oximetry data, such as cerebral and/or other tissue
oximetry data, and/or can include capnography data. The
oximetry and/or capnography data can be analyzed and/or
evaluated by the medical device 110 in correlation with the
other received patient data, such as patient physiological
and/or treatment data. Additionally, the medical device 110
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can receive input 112 from a user and/or an external device/
system. The input 112 can include patient treatment and/or
observation data. For example, the input 112 can include
data regarding medication administration, such as a medi-
cation identification, dosage, and/or other administration
data and/or can include patient observation data, such as
patient gasping, consciousness and/or purposeful move-
ment, that can be provided by a user and/or device/system.
Additionally, the input 112 can provide data regarding the
weighting and/or importance of one or more of components
of the patient data, such as a particular physiological param-
eter. Such input can be provided by a user, device and/or
system. The medical device 110 can provide an output of the
collected patient data that correlates the input and/or ana-
lyzed/evaluated oximetry/capnography data with other
physiological and/or treatment data. In an example embodi-
ment, this correlation can indicate that a change in a physi-
ological parameter is a result of a change in the patient’s
physiological state or as a result of a confounder, such as a
medication administration and/or a patient treatment.

[0021] The process of receiving and analyzing patient data
can be a continuous and iterative process. This can allow the
analysis and/or evaluation of patient data performed by the
medical device 110 to be refined as patient treatment and/or
monitoring continues. That is, events throughout the patient
monitoring and/or treatment session can be used to refine
analysis and/or evaluation of additional collected and/or
received patient data to assist with patient monitoring and/or
treatment. Using the repeated/continuous and/or iterative
analysis and/or evaluation of patient data, the medical
device 110 can provide trend data for one or more physi-
ological parameters of the patient. The trend data can assist
with and/or guide additional, or further, patient monitoring
and/or treatment. Additionally, the trend data can reduce
immediate and/or temporary changes to patient physiologi-
cal parameter data so that decision making by a user, device
and/or system can be based, at least in part, on trends in the
data rather than solely on a real-time value of the data.

[0022] The medical device 110 provides an output that is
a synthesis of patient data and/or inputs from one or more
users, devices and/or systems. In this manner changes in the
patient data can be evaluated based on an importance, effect,
weight or other qualifier of one or more of the components
of the patient data and/or the received inputs. That is,
changes in the patient data can be validated with, and/or
correlated, to changes in one or more components of the
patient data and/or inputs. For example, a change in a first
component of the patient data can be correlated to a change
in a second component of the patient data and/or an input.
Based on the correlation, the change in the first component
of the patient data can be assessed and/or evaluated as a
change in an actual patient state or can be assessed/evaluated
as a change based on another factor, such as a change in
treatment and/or administration of a medication. In this
manner, the effect of changes in treatment of the patient can
be evaluated for an associated impact on the physiological
state of the patient.

[0023] Additionally, the multiple inputs to the medical
device 110, to be used in generating the output, can include
temporal data. This can allow the inputs, and/or their effects
on the physiological state of the patient, to be evaluated
spatially. That is, the timing of various treatments and/or
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their effects on the patient’s physiological state can be
accounted for in the generated output by the medical device
110

[0024] The monitoring module 114 can receive and/or
collect patient physiologic data, including oximetry and/or
capnography data, such as by the sensor(s) 116. Oximetry
and/or capnography data can be tracked by the medical
device 110 during the patient monitoring/treatment session
and can provide data regarding the physiological state of the
patient. While the real-time values of oximetry and/or cap-
nography data can fluctuate, the trend of the oximetry/
capnography data can be indicative of the trend of the patient
physiological state. For example, oximetry/capnography
values can be repeatedly changing, however, when ana-
lyzed/extracted as a trend, the oximetry/capnography trend
can indicate changes to the patient physiological state over
longer increments of time. The physiological parameters of
oximetry and/or capnography are not only indicative of the
patient physiological state, but are also parameters that
exhibit correlation with each other. That is, increases in
tissue oximetry are often accompanied by increased cap-
nography measurements, as increased tissue oxygenation
status during CPR is typically associated with increased
blood flow which also causes increases in expired CO2. This
correlation/relationship can allow the two parameters to
validate each other and can also assist in validating, evalu-
ating and/or assessing changes in other physiological param-
eters, such as changes in the patient electrocardiogram,
blood pressure and/or other physiological parameters.

[0025] The medical device 110 can optionally include one
or more sensors 116 to collect and/or receive patient data,
such as physiological parameter data. Alternatively, or addi-
tionally, the medical device can be connected to and/or in
communication with other sensors 120, other medical
devices 130, 140, and/or one or more remote locations 150
to receive/collection patient data from. The collected and/or
received patient data can be analyzed, evaluated and/or
correlated by the medical device and/or other devices, to
provide a comprehensive output that can assist with patient
monitoring and/or treatment by a user, device and/or system.
The comprehensive output can, or can assist with, identifi-
cation of confounders in the patient data, such as changes in
the patient data attributable to factors other than a change
indicative of an improvement or a decline in a trend of the
physiological state of the patient, such as in response to a
treatment or lack thereof.

[0026] The output of the medical device 110 can assist
with treatment and/or monitoring of the patient by a user
and/or other devices/systems, such as 130, 140, 150. In an
example, a user can be administering cardiopulmonary
resuscitation (CPR) to a patient. The output of the medical
device 110 can be, or can be used to assist with, CPR
feedback. The user can receive the CPR feedback and can
adjust, and/or receive instructions to adjust, the administra-
tion of the CPR to the patient to assist with increasing the
efficacy of the administered CPR. While the CPR feedback
can include comparison of the administered CPR to a CPR
administration model, such as including a range of preferred
chest compression depth and/or rate, the CPR feedback
provided by, or based on, the output of the medical device
110 also compares, or accounts, for the effectiveness of the
administered CPR by monitoring and/or analyzing trends in
the collected/received patient data. For example, the effec-
tiveness of the CPR and the feedback based thereon can be
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determined using one or more physiological parameters,
such as tissue oximetry and/or capnography data. The tissue
oximetry and/or capnography data can provide insight to the
levels, or degree, of blood flow occurring in the patient
which can be an indication of changes in the patient’s
physiological state and/or an indication of the effectiveness
of administered treatments, including CPR for example or
other treatments alone or in combination with administered
CPR. If the output of the medical device 110 indicates that
the patient’s physiological state is declining despite the
administration of the CPR, the medical device 110, the user,
and/or other device/system can alter, and/or instruct/cause to
be altered, the administration of the CPR to increase the
effectiveness of the administered CPR treatment with
regards to the patient’s physiological state. Alteration of the
administered CPR can include relocating the point, or area,
on the patient to which compression force is being applied
in the administration of CPR. The relationship between body
surface landmarks and underlying vital organ structures is
not identical between people, so repositioning of the loca-
tion at which CPR compression force is being applied may
facilitate an increase in the effectiveness of the administered
CPR based on the patient’s individual anatomy. Other altera-
tions can include altering the depth, rate and/or other param-
eters of the administered CPR compressions. Further, much
like the output of the medical device 110, such treatment
feedback, such as CPR feedback, can also be an iterative
process, with additional treatment alterations and/or addi-
tions instructed, or administered, based on the output of the
medical device 110.

[0027] In addition to receiving information, such as
patient data, from the one or more external users, devices
and/or systems, the medical device 110 can also provide
information, such as the output, to the external users, devices
and/or systems. In the example shown in FIG. 1, the medical
device 110 can communicate with other treatment/monitor-
ing devices/systems, such as the chest compression machine
130 and/or defibrillation device 140. The chest compression
machine 130 and/or the defibrillation device 140 can receive
the output, or other information/instructions, from the medi-
cal device 110, which can alter the monitoring and/or
treatment of the patient based on the received output, or
other information/instructions.

[0028] The chest compression machine (CCM) 130 can
administer chest compressions, such as part of a CPR
treatment, to a patient and can include sensors 132, such as
for monitoring the administration of compressions by the
chest compression machine 130 and/or one or more physi-
ological parameters of the patient. Additionally, or alterna-
tively, the CCM 130 can receive patient physiological and/or
other data from the optional sensor(s) 120. The chest com-
pressions administered by the CCM 130 can have specific
characteristics, including a depth of compression, a velocity
of the administered compression, and/or a rate at which
compressions are administered. Further, the CCM 130 can
also administer active decompressions by actively lifting the
patient’s chest. The sensors 132 can transmit information to
the medical device regarding the operation of the CCM 130
and/or the physiological state of the patient. The CCM 130
can also receive instructions from the medical device 110 to
alter the administration of compressions by the CCM 130.
The received instructions can automatically cause the CCM
130, and/or require at least some user input to cause the



US 2018/0303411 Al

CCM 130, to alter the administration of compressions and/or
active decompressions to the patient.

[0029] The CCM 130 can also communicate with one or
more remote locations 150. The communication can include
sending and receiving of information and/or instructions.
That 1s, the remote location 150 can receive data from the
CCM 130, such as sensor 132 data, and/or can transmit
instructions to the CCM 130, such as to alter administration
of treatment by the CCM 130.

[0030] The defibrillation device 140 can administer defi-
brillation therapy, such as electrical shocks, to the patient
and can include a sensor(s) 142, such as for monitoring one
or more physiological parameters of the patient. Addition-
ally, or alternatively, the defibrillation device can receive
patient physiological and/or other data from the optional
sensor(s) 120. The defibrillation device 140 can transmit
and/or receive information with the medical device 110. The
information transmitted to the medical device 110 can
include patient physiological information and/or patient
treatment information, such as information regarding admin-
istered defibrillation therapies. The information received by
the defibrillation device 140 can include the output, and/or
instructions, from the medical device 110. The output,
and/or the instructions, from the medical device 110 can
alter patient monitoring and/or treatment by the defibrilla-
tion device 140. In an example, the medical device 110 can
track the administration of defibrillation shocks to the
patient and the resulting effects of the administered treat-
ment. The output of the medical device 110 can be used by,
and/or include instructions for, the defibrillation device 140
to provide an altered, or different, treatment to the patient
based on the previous treatment and/or the physiological
state trends of the patient.

[0031] The defibrillation device 140 can also communi-
cate with the one or more remote locations 150. The
communications can include sending and receiving of infor-
mation and/or instructions. That is, the remote location 150
can receive data from the defibrillation device 140, such as
sensor(s) 142 data, and/or can transmit instructions to the
defibrillation device, such as to alter the administration of
treatment by the defibrillation device 140.

[0032] The remote location 150 can communicate with the
medical device 110 and/or other devices and/or systems that
are used in monitoring and/or treating the patient. The
medical device 110 and/or other devices and/or systems can
receive data and/or instructions from the remote location and
can provide data, such as patient physiological and/or treat-
ment data, to the remote location 150. The remote location
150 can also provide additional patient information, such as
previous treatment and/or monitoring history to other users,
devices and/or systems, such as the medical device 110. The
remote location 150 can be a user, device and/or system
external from the medical device 110, such as a mobile
computing device 152, a medical director 154, a remote
server 156, an online medical control physician 158, and/or
other external users, devices and/or systems.

[0033] The mobile computing device 152 can be a por-
table device, such as a tablet, that can be connected to the
medical device 110 and/or other devices/systems, such as by
an integrated patient monitoring and/or treatment network.
The mobile computing device 152 can receive, and/or
obtain, patient information, such as from the medical device
110, and can provide an interface for a user to interact with
one or more of the connected devices and/or systems, such
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as the medical device 110. The user can interact with the
mobile computing device 110 to evaluate the patient data, to
provide instructions regarding patient treatment and/or
monitoring and/or for other functions and/or features. Addi-
tionally, the mobile computing device 152, and/or other
remote locations 150, can provide, or assist, with analysis of
the patient data, such as physiological trend(s) analysis, that
can be provided to the medical device 110 and/or other
users, devices and/or systems.

[0034] The medical director 154 can be an administrator
that can assist with patient monitoring and/or treatment
decisions, such as on an individual patient level or on a more
generalized patient treatment protocol level. The medical
director 154 can provide information and/or input to the
medical device 110 to assist with the output by the medical
device 110. For example, the medical director 154 can
provide, or set, triggers/limits regarding physiological
parameters to cause certain treatment, or other, events to
occur in response to specific, or ranges, of physiological
parameter data. The provision or setting of triggers/limits by
the medical director can occur prior to deploying the device,
and prior to the patient treatment event in which the device
will be used.

[0035] The online medical control physician 158 can be
provided patient data by the system, allowing them to
provide real-time guidance regarding patient treatment and/
or monitoring. Communication between the online medical
control physician 158 and a user of the medical device 110
and/or the other medical devices 130, 140 can allow the
online medical control physician 158 to provide instructions
for monitoring and/or treating the patient. Such communi-
cation can allow providers to better tailor the resuscitation
process and decision-making to the evolving course and
real-time status of the patient.

[0036] The remote server 156 can store and/or transmit
received information, such as patient data, treatment proto-
col data and/or other data. One or more external users,
devices and/or systems can transmit and/or receive such
information from the remote server 156. Additionally, the
remote server 156 can include the ahility to analyze the
received patient data for further analysis, such as trend
analysis and/or other analysis, to further develop and/or
refine patient treatment/monitoring protocols. For example,
the remoter server 156 can analyze the collected patient data
to determine more effective patient treatment protocols that
can be implemented based on patient physiological param-
eter data.

[0037] FIG. 2 is an example physiological feedback sys-
tem 200 that includes a monitoring module 210 and an
external device 250. The external device 250 can monitor
and/or treat a patient while in communication, or connected,
with the monitoring module 210. The monitoring module
210 can sense and/or receive capnography and/or oximetry
data of the patient to monitor and/or assess an aspect of the
physiologic state of the patient. The monitoring module 210
and/or the external device 250 can use the physiologic state
information to assess treatment eflicacy, such as cardiopul-
monary resuscitation (CPR) effectiveness. In response to the
assessment, the monitoring module 210 and/or the external
device 250 can advise, or instruct, on further treatment
and/or modification, or alteration, of treatment being admin-
istered, such as CPR.

[0038] In addition to assessing CPR effectiveness, the
physiologic state information of the patient can also be used



US 2018/0303411 Al

to assess brain function based on the cerebral tissue oxy-
genation. During cardiac arrest, blood flow is ineffective and
oxygen deprivation of various tissues results due to the lack
of blood flow. CPR mechanically forces blood flow so that
oxygen deprivation is slowed. Brain and nervous tissue is
susceptible to damage due to oxygen deprivation, so cere-
bral tissue oxygenation information can also be used to
assess the magnitude of oxygen deprivation in the brain.
Trends in cerebral tissue oxygenation over time can also be
used to assess the likelthood and/or magnitude of damage to
the brain, and such information can in turn be used in
decision-making regarding additional treatments and resus-
citation efforts.

[0039] The monitoring module 210 can include physi-
ological parameter sensors 220, a processing module 230
and a communication module 240. The physiological
parameter sensors 220 can be connected to and/or commu-
nicate with the monitoring module 210. Alternatively, the
sensor data can be provided to the monitoring module 210
from one or more external users, devices and/or systems.
The physiological parameter sensors 220 can include one or
more oximetry sensors 222, one or more capnography
sensors 224, and one or more other physiological parameter
(s) sensors 226, in some examples. The oximetry sensors
222 can provide sensor data regarding tissue and/or blood
oxygenation levels of a patient which one or more oximetry
sensors 222 are monitoring. The capnography sensors 224
can provide sensor data regarding the expired CO, levels of
the patient. The other physiological parameter(s) sensors
226 can provide sensor data regarding other physiological
parameters, such as ECG data, non-invasive blood pressure
data, pulse oximetry data and/or other data regarding other
physiological parameters.

[0040] The oximetry sensors 222 can include regional
tissue oxygenation (rSQO,) sensors 223 that can be placed on
the patient to monitor oxygenation of the tissues underneath
the sensors 223. One or more of the rSO, sensors 223 can be
placed on the patient’s head, such as on the patient’s
forechead, to monitor cerebral tissue oxygenation, for
example. The rSO, sensors 223 can be light-based sensors
that include one or more light emitters and detectors. The
light emitters of the rSO, sensors 223 can emit Near Infrared
light having various light characteristics, such as one or
more frequencies and/or wavelengths. The emission of Near
Infrared light having multiple wavelengths can be used to
sense oxygenation of blood at various depths beneath the
rSO, sensor 223. Near Infra-Red Spectometry (NIRS) can
be used to calculate the oxygenation level of the blood in
tissues under the rSQO, sensor 223. The NIRS processing can
be performed by the monitoring module 210, and/or by an
external device and/or system, to determine the blood/tissue
oxygenation data. Additionally, the NIRS processing can
provide a broad measure of blood oxygenation levels by
providing oxygenation data that is a combination of venous
and arterial blood oxygenations. The oximetry data, such as
provided by the rSO, sensor 223 and processing of data
therefrom, can provide a measure of the patient’s oxygen-
ation state and/or the balance between oxygenated and
deoxygenated blood in the tissue being measured by the
sensor.

[0041] The capnography sensors 224 measure fraction or
partial pressure of CO, in gases in the airway, and from that
airway CO, signal end-tidal CO, (EtCO,) can be calculated.
An airway CO, sensor 225 can monitor the CO, expelled
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from the patient which can provide an indication of the
patient’s CO, levels and, since blood flow is the primary
means of transport of CQ, from the lungs, an indication of
the amount of blood flow occurring in the patient.

[0042] The processing module 230 can include a processor
232 and memory 234. The processor can analyze and/or
evaluate data, such as received from the physiological
parameter sensors 220 and/or the communication module
240, and/or control one or more functions and/or features of
the monitoring module 210. The memory 234 can store data,
such as received from the physiological parameter sensors
220 and/or the communication module 240, and/or instruc-
tions and/or processes for the processor 232 to perform.
[0043] The communication module 240 can communicate
with external devices and/or systems, such as the external
device 250, using one or more communication protocols
and/or connections, such as Wi-Fi, the Internet, Bluetooth®
and/or other protocols and/or connections. Data can be
transmitted from and/or received to the tissue oxygenation
module 210 via the communication module 210. For
example, the communication module 240 can receive physi-
ological parameter data and/or treatment data from the
external device 250 and can transmit a tissue oxygenation
value and/or treatment instructions to the external device
250.

[0044] The external device 250 can include a CPR feed-
back module 260, a processing module 270 and a commu-
nication module 280. The external device 250 can monitor
the physiological state of the patient and/or monitor patient
treatment and provide instructions for additional treatment
and/or modification of the current patient treatment. Moni-
toring a patient’s physiological state and/or treatment can
include collecting physiological parameter data from the
patient and/or data from the administration of treatment to
the patient.

[0045] The CPR feedback module 260 can include a
sensor(s) 262 to monitor one or more parameters of CPR
administration, such as compression rate and/or depth, and
an output 264. The sensor 262 can be connected to and/or in
communication with the CPR feedback module 260, to
provide data regarding one or more CPR parameters. Alter-
natively, the CPR parameter data can be supplied to the
external device 250 by another device and/or system that
generates CPR parameter data. The output 264 can provide
information to a user regarding the administered CPR, such
as feedback, including an assessment of the administered
CPR and/or instructions to alter one or more parameters of
the administered CPR. The output can communicate this
information in a visual and/or audible format, such as by a
display screen and/or a speaker. The user can interpret the
provided visual and/or audible output 264 to initiate and/or
modify treatment of the patient.

[0046] The processing module 270 includes a processor
272 and memory 274. The processor 272 can analyze and/or
evaluate data, such as the tissue oxygenation value received
from the tissue oxygenation module 210, and/or control one
or more functions and/or features of the tissue external
device 250. The memory 274 can store data, such as
received from the CPR feedback module 260 and/or the
communication module 280, and/or instructions and/or pro-
cesses for the processor 274 to perform.

[0047] The communication module 280 can communicate
with external devices and/or systems, such as the tissue
oxygenation module 210, using one or more communication
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protocols and/or connections, such as Wi-Fi, the Internet,
Bluetooth® and/or other protocols and/or connections. Data
can be transmitted from and/or received to the external
device 250 via the communication module 280. For
example, the communication module 280 can receive tissue
oxygenation data and/or treatment from the tissue oxygen-
ation module 210 and can transmit CPR parameter data to
the tissue oxygenation module 210.

[0048] In an embodiment, the monitoring module 210 can
monitor tissue oxygenation levels of the patient using the
oximetry sensor data 223, and/or levels of CO, expired by
the patient using capnography sensor 224 data. From the
collected oxygenation data, the monitoring module 210 can
calculate a tissue oxygenation value. From the collected
capnography data, the monitoring module can calculate
EtCO,, providing an indirect assessment of pulmonary
blood flow. The external device 250 can collect CPR param-
eter data, such as compression depth and rate, and can
transmit the collected CPR parameter data to the monitoring
module 210. The monitoring module 210 can use the
received CPR parameter data, and/or the calculated tissue
oxygenation value, and/or the EtCO, level, to determine an
effectiveness, or feedback, of the CPR being administered.
In response to that determination, the monitoring module
210 can provide instructions to the external device 250 to
cause the administrator of the CPR to alter one or more of
the CPR parameters and/or can provide the CPR feedback
data to the external device 250 for output 264 and/or CPR
instruction/alteration determination and output. In this man-
ner, CPR effectiveness can be determined based on tissue
oxygenation data, and/or airway CO, data, and one or more
parameters of CPR administration can be altered in response
to, and/or based on, the tissue oxygenation data. Alteration
of the CPR administration can be done to increase or redirect
blood flow and thereby assist with increasing tissue oxy-
genation levels which can assist with preventing damage,
such as due to hypoxia, and/or can improve the probability
of achieving ROSC. In a further, or alternate, embodiment,
the external device 250 can be a mechanical CPR device,
such as a chest compression machine (CCM), and the
operation of the mechanical CPR device can be automati-
cally altered, or altered at the discretion of the rescuer, based
on the tissue oxygenation data and/or the airway CO, data.

[0049] While the monitoring module 210 and the external
device 250, such as a defibrillator, patient monitor, monitot/
defibrillator, mechanical CPR device and/or other medical
treatment and/or monitoring device, are shown as separate
elements, one or more features and/or functionality of one or
more of the tissue oxygenation module 210 and the external
device 250 can be combined and/or integrated with the other
and/or another device.

[0050] FIG. 3 is an example physiological feedback sys-
tem 300 that includes a medical device 310. The medical
device 310 can include one or more sensors 320, a process-
ing module 330, a communication module 340 and a display
350. The one or more sensors 320 can be coupled to a patient
to receive/sense data regarding the patient, such as one or
more physiological characteristics/parameters of the patient.
Alternatively, or additionally, the medical device 310 can
receive data regarding the patient, such as physiological
parameter data, from an external device, system and/or user.
The medical device 310 can analyze, process and/or evaluate
the sensed/received data to provide physiological feedback
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regarding the patient, such as treatment metrics and/or other
feedback to guide treatment and/or monitoring of the
patient.

[0051] Additionally, the medical device 310 can include
input(s) regarding one or more confounders that can obscure
patient physiological data and/or influence patient monitor-
ing/treatment. The confounder data can be supplied to the
medical device 31 via the communication module 340
and/or other inputs, such as by the sensors 320. Example
confounders can include the administration of medications,
administration of treatments, rescuer observations/inputs,
and/or other inputs. The confounders, such as medication/
treatment administration, can cause temporary changes in
the physiological data of the patient that might obscure the
patient’s actual physiological state and/or trend thereof.
Confounders, such as rescuer observations/inputs, can alter
weighting/importance of one or more physiological param-
eters due to the observation/input. For example, a patient
may exhibit signs of consciousness while in cardiac arrest
and receiving CPR, which is uncommon but can indicate
that cerebral blood flow and cerebral tissue oxygenation are
high enough to support a degree of consciousness. Typically,
the assessment of a patient in cardiac arrest assumes the
patient is unconscious, so the observation of consciousness
during such an event can be input to provide additional
information that can be considered when assessing the
patient, when interpreting other data from the resuscitation
event, and/or when determining further patient monitoring/
treatment.

[0052] The sensor(s) 320 can be placed on, or near, the
patient and connected to, or in communication with, the
medical device 310 to provide sensor data indicative of one
or more physiological parameters of the patient, a physi-
ological condition of the patient, treatment administered to
the patient and/or other data regarding the patient. In the
example of FIG. 3, the sensors 320 include one or more
cardiopulmonary resuscitation (CPR) sensors 322 and/or
one or more physiological parameter sensors 326. The CPR
sensors 322 can provide data regarding the administration of
CPR, or lack thereof. The data can include measurements of
one or more CPR variables, characteristics of the CPR
administration and/or other data regarding the administra-
tion of CPR. The physiological parameter sensors 326 can
provide data regarding one or more physiological param-
eters of the patient.

[0053] The CPR sensors 322 can be placed on and/or near
the patient and can include a position sensor 323, an
impedance sensor 324 and/or other sensors to measure,
monitor and/or assess the administration of CPR to a patient.
The position sensor 323 can include one or more elements
that are placed on the patient to which CPR is being
administered, on the person of a user administering CPR to
the patient, and/or placed proximal the patient, such as
above the patient, on a surface near the patient, beneath the
patient and/or other patient adjacent locations. One or more
signals can be generated by the position sensor 323 that can
be indicative of one or more parameters/characteristics of
the administered CPR, such as a rate of compressions, the
depth of compressions, the number of compressions and/or
other parameters/characteristics related to the administration
of CPR to the patient. The impedance sensor 324 can
measure a transthoracic impedance of the patient, such as by
a pair of electrodes placed on the patient, and the measured
data can be indicative of CPR administration since the
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transthoracic impedance of the patient changes in response
to administered compressions.

[0054] The physiological parameter sensors 326 can
include a regional tissue oximetry (rSO,) sensor 327, such
as to measure cerebral tissue oximetry, an airway CO, sensor
328, from which end-tidal CO, (EtCO,) can be calculated,
an electrocardiogram (ECG) sensor 329 and/or other physi-
ological parameter sensors. The sensor signals generated by
the rSO, sensor 327 and/or the airway CO, sensor 328 can
be indicative of the level of blood flow in the patient. Such
data can be used to assess and/or analyze the physiological
state of the patient. Additionally, such physiological param-
eter data can provide information regarding potential future
patient physiological states, provide information for treat-
ments and/or interventions, and/or other information for use
in monitoring and/or treating the patient. Further, the col-
lected physiologic and/or patient data can be used for
pattern, and/or other, analysis to aid in developing and/or
refining the plan for ongoing patient treatment, monitoring
and/or assessment.

[0055] The ECG sensor 329 can include two or more
electrodes that are placed on the patient and provide sensed
data to the medical device 310.

[0056] Reception of sensed data, from the sensors 320, by
the medical device 310 can be via wired and/or wireless
connection(s). In an embodiment in which the transmission
of data is via a wireless connection, the sensed data and/or
the connection can be encrypted/secured to protect the
integrity of the transmitted sensor data. Additionally, the
sensed data can be communicated to the medical device 310
from one or more other devices and/or systems that monitor/
sense physiological parameter data of the patient.

[0057] The processing module 330 can include a processor
332 and memory 334. The processing module 330 can
control one or more functions and/or features of the medical
device 310. Additionally, the processing module can receive
various data/information, such as from the sensors 320
and/or a user, device and/or system, for collection and/or
analysis. The collection and/or analysis of data by the
processing module 330 can assist with patient assessment,
treatment and/or monitoring. Further, such data can also be
processed for multiple patients to determine trends and/or
patterns that can assist with future patient assessment, moni-
toring and/or treatment. The processing module 330 can also
collect and store information regarding patient instances,
such as assessment, monitoring and/or treatment data, that
can be transmitted, or provided, to a user, device and/or
system upon conclusion of the patient instance.

[0058] The communication module 340 can transmit and/
or receive information from/to the medical device 310 and
one or more external devices and/or systems. The commu-
nication module 340 can communicate with the one or more
external devices and/or systems via one or more communi-
cation protocols and/or connections, such as Bluetooth Wi-
Fi, the Internet and/or other communication protocols and/or
connections. Communications to and/or from the commu-
nication module 340 can be via a secure communication
channel and/or can be encrypted, to preserve the integrity, or
security, of the communications. In an example, one or more
of the sensors 320 can be part of an external device/system
that transmits sensed data to the medical device 310 via the
communication module 340.

[0059] The display 350 can provide information in a visual
format to a user, device and/or system. To provide the
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information, the display 350 can include one or more
screens, lights and/or other visual indicators, to display, or
provide, information in a visual format. The display 350, or
portion thereof, can also be configurable allowing the format
and/or other characteristics of the display to be altered, such
as in response to the user and/or by the processing module
330. The configurability of the display 350, or portion
thereof, can allow the display 350 to provide relevant
information in a more accessible manner, such as by high-
lighting priority information more than other information
displayed by the display 350.

[0060] Example visual formats the display 350, or portion
thereof, can display information in a numerical format 352,
a categorical format 354 and/or a symbolic format 356. The
numerical format 352 can include displaying numerical
values, such as measurements of physiological parameters,
on the display 350. The categorical format 354 can include
displaying and/or highlighting a category, such as a nega-
tive, neutral and/or positive category for a variable like a
physiological parameter. The categorical format 354 can
also be represented by one or more colors that can change
depending on the value of the category. For example, the
color green associated with a category can indicate a posi-
tive and similarly, yellow can indicate neutral and red can
indicate negative. Additionally, or alternatively, the catego-
ries of the categorical format can be displayed as variable
indicators, such as a changing bar that can move or expand
based on the measurement/value of the category. The vari-
able indicator can also include color associations, such as
those previously discussed. The symbolic format 356 can
include graphical and/or textual representations of data, such
as a text message and/or a graph. The format(s) of the
display 350 are presented to aid in the speed and accuracy
of determining the information represented, or displayed,
thereon. Further, the display 350 can alter the format of
information displayed based on the importance of the infor-
mation. For example, information that is of lesser impor-
tance can be represented categorically 354, such as to reduce
the necessary area required for the display of such informa-
tion, the display format can change if the information
becomes more relevant or important, such as to a numerical
354 and/or larger format to highlight the importance of the
information and/or that the importance of such information
has changed from a previous state. Again, such functionality
assists with presenting the relevant information in a format
that assists with the eflicient and accuracy determination of
the displayed information.

[0061] FIG. 4 is an example physiological feedback
method 400. At 402, sensor data is received. In an example,
the sensor data can include data regarding physiological
parameters of a patient, such as regarding their end-tidal
CO, levels, their tissue oximetry levels, and/or their heart
rhythm assessed from the sensed ECG data, and/or data
regarding CPR administration, such as transthoracic imped-
ance and/or CPR positional data. At 404, CPR administra-
tion can be identified in the received sensor data, such as at
402. Identification of CPR administration can be determined
from various sensor data, such as transthoracic impedance
data and/or CPR sensor data. The identification of CPR
administration, such as at 404, can include identifying the
onset, or beginning, of CPR administration and/or one or
more characteristics of the administered CPR, such as a rate
of compressions, a depth of compressions and/or other
characteristics.
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[0062] At 406, optionally, continuous blood pressure mea-
surement data can be received. The continuous blood pres-
sure measurement data can be collected using a non-invasive
and/or an invasive system/method of obtaining blood pres-
sure measurement data. The collected blood pressure data
can include an arterial diastolic blood pressure and/or other
blood pressure measurements. The blood pressure measure-
ment data can be received from a user, device and/or system.

[0063] At 410, optionally, medication treatment data can
be received. Medication treatment data can include identi-
fication of medications administered to the patient and can
also include additional information regarding the medica-
tion, such as a dosage, manner of administration, time of
administration and/or other information/data regarding the
medication and/or its administration. The medication treat-
ment data can be received from a user, device and/or system.
For example, certain medications, such as sodium bicarbon-
ate, that are typically administered in response to cardiac
arrest can cause temporary changes in one or more physi-
ological parameters, such as FtCO, in the example of
sodium bicarbonate. The increased EtCO, due to the sodium
bicarbonate administration could be incorrectly assumed to
be due to increased blood flow in the patient, however, by
providing medication data, the process 400 can account for
this temporary increase in EtCO,. This accounting can be
done by comparing the increase in the EtCO, to other
physiological parameter data, such as oximetry data, to
determine if a commensurate effect is also observed that
would be indicative of a physiological state change in the
patient, rather than a change due to a confounder, such as the
medication administration. Similarly, other patient treat-
ments, such as intubation, can cause confounding effects that
the process 400 can account for and/or consider in deriving
the index. Additionally, the process 400 can account for
other confounders, such as environmental and/or contextual
confounders, that can be input to the process 400, such as by
a user, device and/or system.

[0064] At 408, physiological parameter data can be
received. The received physiological parameter data can
include capnography data, such as EtCO, data/measure-
ments, and also can include rSO, data. Other and/or addi-
tional physiological parameter data can also be received,
such as ECG data. At 412, a trajectory and/or level of rSO,
and EtCO, measurements can be determined. Determination
of the trajectory of the rSO, and EtCO, measurements can
include analyzing/evaluating the received physiological
parameter data, such as from 408. Based on the analysis/
evaluation, a trajectory for one or both the rSO, and EtCO,
measurement data can be determined, such as a downward,
or declining, or an upward, or improving, trajectory. Such
trajectory information can be indicative of a patient’s
improving, stable, or declining physiological condition. The
levels of rSO, and/or EtCO, can be expressed as percentages
and/or other forms. Similar to the trajectory, the level
information can be indicative of the patient’s improving,
stable, or declining physiological condition. Additionally,
the trajectory and/or levels of the rSO, and EtCO, measure-
ments provide an indication of the patient’s current physi-
ological condition. Such information can be used to assess
the current treatment the patient may be receiving and/or if
changes should be made to the treatment.

[0065] At 414, using the trajectory and/or level data of
412, an index of the effectiveness of treatment, such as blood
flow during CPR administration to the patient, can be
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derived. This effectiveness index provides information
regarding the patient’s physiological response to the admin-
istered CPR. Using the effectiveness index, the administra-
tion of CPR can be evaluated to determine if changes to the
administration of the CPR should be made. At 416, the
derived effectiveness index can be displayed, such as on a
display of a medical device. A user, such as the user
administering CPR, can review the derived index to modify
or alter the administration of CPR. Alternatively, and/or
additionally, CPR administration modifications and/or
alterations can also be displayed with the derived index. The
displayed modifications and/or alterations can be based on
the received data, such as at 402, 406, 408 and/or 410, and
can include modification and/or alteration of one or more of
the characteristics of the administered CPR. Additionally,
the modifications and/or alterations can include other inter-
vention instructions, or suggestions, such as the administra-
tion of medications and/or other treatments.

[0066] The derived effectiveness index can be continu-
ously modified and/or updated based on received data, such
as physiological parameter data. In an example, CPR param-
eter measurement data, such as compression rate, compres-
sion depth, compression recoil adequacy, ventilation rate,
ventilation tidal volume and/or other CPR parameter(s), or
characteristic(s), measurement data, can be received in sub-
stantially real-time. The real-time acquisition of such data
allows the received CPR parameter measurement data to be
correlated to other received data and the derived effective-
ness index can be updated and/or modified based on the
correlated data. The correlation of the data can allow deter-
minations regarding changes in the CPR administration and
their effect on other measured physiological parameter data,
such as the rSO, and/or EtCO,.

[0067] Administered medications can also affect the
received physiological parameter data. The received medi-
cation treatment data of 410 can be correlated to the received
physiological data and the derived effectiveness index can
be updated and/or modified based on the correlated data. For
example, administration of a medication can cause improve-
ment in one or more of the rSO, and/or EtCO, measure-
ments. Correlation of medication administration to the
improvement in the physioclogical parameter measurement
data can allow the derived effectiveness index to indicate
that such improvement is possibly temporary or possibly
greater improvement that an actual improvement in the
physiological condition, or state, of the patient. In addition
to administered medications, the derived effectiveness index
can also be updated and/or modified based on treatment
administration, such as an intubation of the patient. The
treatment administration can also be correlated with other
physiological parameter measurements and the derived
effectiveness index can be updated and/or modified based on
such correlated data. The correlation of administration of
treatments and/or medications with physiological data
changes can assist with identifying, and/or removing, con-
founders and their effects from the derived effectiveness
index. The derived effectiveness index is therefore more
representative of the physiological state of the patient and/or
trends thereof.

[0068] The correlation of events, such as medication
administration, changes to the CPR administration and/or
treatment administration, to the physiological parameter
measurement data can allow the derived effectiveness index
to more accurately, or more truly, represent the effectiveness
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of blood flow, or a physiological state, of a patient during
CPR administration. The derived effectiveness index includ-
ing such correlation information can be more useful in
determining further treatment of the patient, since more
accurate assessments of the patient’s physiological condi-
tion can be made by a user, device and/or system.

[0069] The derived effectiveness index can be displayed at
416 in one or more formats, such as a numerical, categorical
and/or symbolic format. As a numerical format, the derived
effectiveness index can be displayed as a value, such as from
0-10. As a categorical format, the derived effectiveness
index can be displayed as a categorical value, such as
“worsening,” “stable,” or “improving.” As a symbolic for-
mat, the derived effectiveness index can be displayed as a
pictograph and/or textual message.

[0070] In an example in which the received data is inde-
terminate and/or unable to be accurately correlated, the
derived effectiveness index may not be displayed. Rather
than displaying the derived effectiveness index, a notifica-
tion can be displayed to indicate the derived effectiveness
index is indeterminate. Typically, when the derived effec-
tiveness index is indeterminate, often the physiological state
of the patient is improving in response to the administered
treatment and that is why the process 400 is unable to
accurately correlate the administration of treatment and/or
its effects. In an example, an indeterminate indication can be
accompanied by instructions to continue the current treat-
ment until the derived effectiveness index is no longer
indeterminate and an assessment of the patient can be made.
Once the derived effectiveness index is no longer indeter-
minate, the display can remove the indeterminate notifica-
tion and can display the derived effectiveness index.
[0071] FIG. 5 is an example physiological feedback
method 500. The physiological feedback method 500 can
provide determination of indications of Return of Sponta-
neous Circulation (ROSC) in a patient. CPR administration
to a patient can be altered, and/or discontinued, based on a
determination of ROSC. The continued administration of
CPR to a patient having ROSC can induce fibrillation in the
patient, and/or otherwise contribute to the patient deterio-
rating back into cardiac arrest. As such, the determination of
ROSC is important factor in monitoring and/or treating the
patient, such as the determination to transport the patient to
a hospital or other healthcare facility.

[0072] At 502, an index of the effectiveness of blood flow
during CPR can be derived, such as by the method 300 of
FIG. 4. At 504, the index data can be analyzed and at 506
patterns and/or thresholds indicative of ROSC can be deter-
mined from the index data. In addition to the index data, the
determination of patterns/thresholds indicative of ROSC
can, optionally, also be based on received physiological
parameter data at 510. The received physiological parameter
data can include an ECG signal. The ECG signal can be
filtered to remove CPR induced artifacts. The optional
physiological parameter data and the index data can be
evaluated for patterns and/or thresholds indicating that the
patient may have ROSC. If such a determination is made, an
alert can be output at 508. The output can be an audible
and/or visual notification to a user, such as a CPR admin-
istrator, that ROSC may have occurred in the patient.
[0073] In addition to optionally receiving physiological
parameter data at 510, the method 500 can also optionally
include analyzing the physiological parameter data for
trends and/or trajectories at 512. The trend/trajectory infor-
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mation can be used to further refine, update and/or modify
the index at 502. In this manner, the patient can be continu-
ously and/or regularly assessed for potential ROSC.

[0074] In an example, the physiological parameter data
can include an ECG signal and the measurements and/or
trajectories of the patient’s heart rate and/or QRS complex
morphology can also be used to derive the index at 502.
Further, a transthoracic impedance signal can also be
included in the received physiological parameter data. Mea-
surements and/or trends of the transthoracic impedance
signal, and/or QRS-synchronous features contained therein,
can be used to derive the index at 502. One or both of the
ECG and transthoracic impedance signal can be used to
derive the index and assist with determination of potential
ROSC in the patient. If an invasive arterial pressure signal
is available, this signal can be used by itself or in combi-
nation with other physiological signals to derive the index.
In particular, presence of blood pressure pulses not corre-
lated with chest compressions indicates a high, or increased,
likelihood of ROSC.

[0075] FIG. 6 is an example physiological feedback
method 600 that derives an index suggestive and/or indica-
tive of hemodynamic and/or circulatory adequacy. At 602,
CPR administration is identified, such as by one or more
CPR and/or transthoracic impedance sensors, as having been
performed and is now not being performed. At 608, a
determination that the patient has achieved ROSC is made.
The determination at 608 can be based on a received
indication of ROSC at 604, such as by a user input and/or
based on received physiological data at 606. The user input
can be through a device performing the method 600 and/or
from an external device/system coupled to a device per-
forming the method 600. At 610, an index suggestive and/or
indicative of the hemodynamic and/or circulatory adequacy
of the patient can be derived. The index can be derived from
physiological data received at 606. The received physiologi-
cal data can include rSO, and EtCO, measurement data from
which levels and/or trajectories can be determined. The
determined levels and/or trajectories of the rSO, and EtCO,
data can be used to derive the index at 610. The process 600
can be iterative and/or repeated, with the derived index
being updated and/or modified as further physiological
and/or other data is received.

[0076] At 616, the derived index can be optionally dis-
played until CPR is resumed. The derived index can be
displayed as a numerical value, such as a value on a range
of values; a categorical value, such as “stable,” “declining,”
or “improving;” and/or as a symbolic value, such as a textual
and/or pictorial notification.

[0077] At 612, an optional determination of hemodynamic
and/or circulatory deterioration can be made. The determi-
nation can be made based on the derived index of 610 and/or
based on levels/trajectories of the rSO, and EtCO, measure-
ments. A specific point and/or magnitude of the deterioration
can be indicative of potential, or occurring, re-arrest in the
patient.

[0078] At 614, an optional alarm can be triggered based on
hemodynamic deterioration. Hemodynamic deterioration
can include the decrease in blood flow through the patient,
a decrease in tissue oxygenation and/or a decrease in other
hemodynamic parameters/characteristics. Such deteriora-
tion can be an indication that a physiological state of the
patient is potentially about to decline and/or that interven-
tion is recommended, and/or required, to prevent and/or
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reduce the hemodynamic deterioration. The alarm can be
based on one or more thresholds and can be escalating based
on the one or more thresholds. The thresholds can be
predetermined, user provided and/or a combination thereof.
Additionally, the alarm can be indicative of the degree of
hemodynamic deterioration detected and/or determined. In
response to the alarm, a user monitoring and/or treating the
patient can provide intervention, if needed.

[0079] FIG. 7 is an example physiological feedback
method 700 that provides a summary of inputs that triggered
a pattern detection to assist with identification of a cause,
such as a confounder, and/or consequences of a change in
one or more physiological parameters of a patient, such as
a change in the physiological state, or trend, of the patient.
At 702, rSO, and EtCO, data is received and at 704 CPR
parameter data, such as compression rate and depth, is
received. The received rSO, data can include tissue oxygen
saturation information and can also include other informa-
tion, such as tissue hemoglobin concentration, tissue blood
volume index information, and/or similar information. At
706, optionally, confounder data, such as medication data,
including identification, dosage, administration time and/or
administration method, can be received. The confounder
data input is environmental, contextual and/or medication
data that can have a temporary, observable and/or detectable,
effect of the patient’s physiological state. Input of such
confounder data allows the process 700 to account for these
temporary effects so that the feedback provided is more
indicative of the actual physiological state of the patient
and/or trends thereof. At 708, change patterns in two or more
of the monitored data, such as received at 702, 704 and/or
706, can be detected. The detection can be based on corre-
lating pre-configured/pre-determined change patterns with
changes in the received two or more monitored data, such as
the 18O, and EtCO, signals. The pre-configured change
patterns can include a rate of change and/or other time-
variant characteristics that can be correlated with the
received physiological and/or other patient data. Optionally,
the pre-configured and/or pre-determined change patterns
can be user configurable, allowing a user or other to specify
the change patterns to trigger detection of changes in the
received data.

[0080] At 710, the summary of inputs, such as the inputs
that triggered the pattern detection/correlation, and CPR
trends can be displayed. For example, concurrent declines in
the rSO, and EtCO, can trigger change pattern detection. In
response, the rSO, and EtCO, data can be displayed. The
displayed data can optionally include highlighting and/or
other notification of the change pattern. Also displayed can
be CPR trend data, such as changes in compression rate,
depth and/or other CPR parameters. The concurrent display
of such information can allow for a cause-and-effect deter-
mination. That is, it can be determined if treatment, such as
CPR and/or medication administration, is responsible, or
caused, changes in the physiological parameter data and/or
the physiological parameter consequences dye to the change
in treatment. A user monitoring and/or treating the patient
can review the displayed summary to determine further
changes to the treatment of the patient. Alternatively, evalu-
ation of the summary can be performed by a device and/or
system, and instructions and/or suggestions for/regarding
the patient treatment can be provided.

[0081] The summary 710 can be displayed as a popup, or
overlay, on a medical device, such as a monitor and/or
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defibrillator, being used to monitor and/or treat the patient.
Alternatively, the summary can be provided on a device that
is in communication with the treatment and/or monitoring
device/system coupled to the patient. Example devices can
include tablets and/or other computing devices communi-
cating with the patient treatment/monitoring device/system
via a patient care reporting and/or event recording system/
software. The summary can be temporarily or continuously
displayed and can also be configurable by a user to alter one
or more characteristics of the display.

[0082] FIG. 8 is an example method 800 for detecting
ROSC. At 802, rSO, and EtCO, data can be received and at
804, the received data can be analyzed and/or changes in the
data can be tracked. Based on the analysis and/or tracked
changes, various indications of ROSC can be made. At 8§06,
based on the analysis and/or change data, an increase of, for
example, 10% or greater in the rSO, of the patient in a
minute or less can be indication that ROSC is likely at 808.
If no such change is detected and/or determined, the process
800 can return to receiving further capnography and/or
tissue oximetry data for further analysis and tracking. At
810, an increase, within a short time period, in the patient’s
EtCO, of greater than, for example, 10 mmHg combined
with an increase of, for example, greater than 5% in the
patient’s rSO, can be indicative of likely ROSC at 812. If no
such changes are detected and/or determined, the process
800 can return to receiving further capnography and/or
tissue oximetry data for further analysis and tracking. At
814, a sudden decline in EtCO, of, for example, more than
10 mmHg and a decline of greater than, for example, 10%
in sRO, can indicate that the patient’s return to a state of
cardiac arrest, or re-arrest, is possible at 816. Threshold
values, such as values higher or lower than those provided
in these examples, may be implemented in the system, and
may also be able to be configured by a user of the system.
The possible re-arrest indication can provide a warning to
allow treatment to be altered to prevent and/or prepare for
the potential re-arrest of the patient. If no such changes are
detected and/or determined, the process 800 can return to
receiving further capnography and/or tissue oximetry data
for further analysis and tracking. The repeated reception and
analysis of capnography and/or tissue oximetry data can
assist with the detection of future physiological states of the
patient, such as the patient experiencing a likely ROSC
and/or a possible re-arrest. The predictive notifications can
allow for altered patient monitoring and/or treatment based
on the notification.

[0083] Additionally, the process 800 can include input, by
a user, device and/or system, of patient observations. In an
embodiment, the input observations can alter one or more of
the thresholds and/or decisions of the process 800. For
example, a rescuer can input that a patient is exhibiting signs
of consciousness during a cardiac arrest resuscitation effort.
Additionally, other supplied inputs or observations can be
assessed for their impact on potential rearrest and/or ROSC
of the patient and can alter one or more of the decisions
and/or thresholds of the process 800.

[0084] FIG. 9 is an example method 900 of determining a
measure, such as a magnitude, of an ischemic injury to a
brain. Ischemic injury to the brain is caused by the brain
being deprived of oxygen, such as can be experienced during
a cardiac arrest. The measure of ischemic injury to the brain
of a patient can be used in making treatment decisions
regarding the patient. In an embodiment, a patient in cardiac
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arrest can experience brain hypoxia that causes ischemic
injury to the brain. The ischemic injury can be assessed
and/or quantified using the method 900 and further treatment
decisions can be made. For example, for patients who
remain in cardiac arrest for a prolonged interval, but in
whom the determined aggregate ischemic exposure, or isch-
emic injury, to the patient’s brain nevertheless indicates a
reasonable probability of the brain to recover from such
injury, treatment decisions can be made to provide further
interventional treatment. The measure of aggregate ischemic
exposure, or ischemic injury, can for example be based upon
an assessment of whether the cerebral tissue oxygenation
level of the patient was above a certain threshold level for at
least a certain threshold percentage of the elapsed resusci-
tation effort.

[0085] At 902, rSO, data can be received. Such rSO, data
can provide a measure of the balance of supply and demand
of oxygen in the brain tissues. At 904, the rSO, data can be
analyzed relative to time. The duration of rSO, levels and
changes in rSO, levels can be indicative of oxygen supply
and/or demand to/of the patient’s brain. At 906, a determi-
nation of the measure of the ischemic injury to the patient’s
brain can be made. The determination can be based on the
treatment session to that point and cerebral tissue oxygen-
ation levels during that time. For example, the determination
can be made that the cerebral tissue oxygenation level of the
patient was above a level for at least a percentage of the
treatment session, and as such the measure of ischemic
injury is a first value based on the collected cerebral tissue
oxygenation data during the treatment session. Various cere-
bral tissue oxygenation level and percentage of treatment
session associations can be used to determine the measure of
ischemic injury at 906. Such determination can be made on
the received rSO, data for the patient, other received patient
physiological parameter data, and/or, optionally, outcome
and rSO, data from other patients. The outcome and rSO,
data for other patients can be collected and analyzed to refine
the model, process and/or algorithm used in determining the
measure of the ischemic injury to the patient’s brain. In this
manner, the determination accuracy can be further refined
and updated, such as in response to new and/or updated
patient interventions and/or treatments. Along with the out-
come and rSO, data, other physiological parameter and/or
patient data can be collected for analysis and/or correlation
to assist with refining the determination. Optionally, the
determination at 906 can be indeterminate. The indetermi-
nate determination can be indicative that the cerebral tissue
oxygenation data of the patient is not sufficient and that other
physiological data should be used to determine the measure
of ischemic injury.

[0086] FIG. 10 is a method 1000 for presenting cerebral
and/or other tissue oximetry, such as rSO,, and/or other
capnography/oximetry data, in conjunction with other
patient information to assist with patient monitoring and/or
treatment. Such display can assist with determining cause-
and-effect relationships between treatments and/or interven-
tions and a patient’s physiological response to the same.

[0087] At 1002, rSO, data can be received. At 1004, a
display scale can be calibrated based on the rSO, data.
Calibration of the display can include calibration based on a
timing, such as sampling rate, of the rSO, data and/or a
magnitude, such as levels/percentage, of the rSO, data. In an
example, the calibration of the display can include condens-
ing the time scale in order to display a history of events that
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occur on a minute time scale, such as changes and/or
initiation of treatments/interventions, rather than a second-
to-second time scale as might be used to collect rSO,, and/or
other physiological, data. At 1006, intervention data, such as
changes to treatment and/or initiation of treatment, and other
physiological data, such as other capnography and/or oxi-
metry data, can be received. Changes to treatment can
include changes to CPR administration, such as changes to
compression rate and/or depth, and can include changes to
ventilation of the patient. Additionally, or alternatively, the
changes to treatment can include the administration of
medication and/or other treatments such as defibrillation
shocks. At 1008, the rSO, and the received intervention/
physiological data can be presented on the calibrated scale
of the display. The display of such information can allow a
user treating the patient to determine the effect of treatment
and/or treatment changes on the physiological state of the
patient, such as an improvement or decline in the patient’s
physiological state. The display can provide information that
can assist with further treatment and/or monitoring of the
patient.

[0088] The features disclosed in the foregoing description,
or the following claims, or the accompanying drawings,
expressed in their specific forms or in terms of a means for
performing the disclosed function, or a method or process
for attaining the disclosed result, as appropriate, may, sepa-
rately, or in any combination of such features, be used for
realizing the invention in diverse forms thereof.

1. A medical device, comprising:

a processor configured to:

receive patient physiological parameter data regarding
one or more patient physiological parameters,

receive one or both of tissue oximetry data or capnog-
raphy data;

determine an effectiveness index based on the received
physiologic data;

scale the received patient physiological parameter data
based on the effectiveness index;

an output of the effectiveness index including the scaled

patient physiological parameter data.

2. The medical device of c¢laim 1, wherein the received
patient physiological parameter data includes one or more of
patient transthoracic impedance data, electrocardiogram
(ECG) data, blood pressure data, blood flow data, cardiac
performance data, or cardiopulmonary resuscitation (CPR)
data.

3. The medical device of claim 1, wherein the processor
is further configured to receive patient confounder data and
the output of the effectiveness index further includes the
confounder data.

4. The medical device of claim 3, wherein the patient
confounder data includes one or more of medication admin-
istration, observation data, or treatment administration.

5. The medical device of claim 1, wherein the processor
is further configured to receive confounder data and to
determine the effectiveness index based on the confounder
data.

6. The medical device of claim 1, wherein the processor
is further configured to iteratively determine the effective-
ness index.

7. The medical device of claim 1, wherein the processor
is further configured to calculate an oxygenation trend based
on the patient oxygenation data and determine the effective-
ness index based on the oxygenation trend.
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8. The medical device of claim 7, wherein the processor
is further configured to identify a trajectory of the oxygen-
ation trend and the output is further configured to include the
trajectory of the oxygenation trend.

9. The medical device of claim 1, wherein the processor
is further configured to calculate a patient physiological
parameter trend and to scale the patient physiological
parameter trend based on the effectiveness index.

10. The medical device of claim 9, wherein the processor
is further configured to identify a trajectory of the patient
physiological parameter trend and the output is further
configured to include the patient physiological parameter
trend.

11. The medical device of claim 9, wherein the trajectory
is indicative of patient return of spontaneous circulation
(ROSC), patient likelihood of ROSC, or patient re-arrest.

12. The medical device of claim 1, wherein the patient
physiological parameter data is indicative of patient hemo-
dynamic adequacy.

13. The medical device of claim 12, wherein the patient
hemodynamic adequacy includes an indication of patient
return of spontaneous circulation (ROSC), a patient likeli-
hood of ROSC, or patient re-arrest.

14. The medical device of claim 1, wherein the processor
is further configured to generate instruction to issue a user
prompt to alter patient treatment based at least in part on the
effectiveness index.

15. The medical device of claim 1, wherein the output
includes transmitting the effectiveness index to a display.

16. The medical device of claim 1, wherein the output
includes transmitting the effectiveness index to another
computing device.

17. A medical device to one or both of monitor or treat a

patient, comprising:
multiple patient sensors configured to sense respective
multiple patient physiological parameters, the multiple
patient sensors including a patient oxygenation sensor
configured to sense patient tissue oximetry data or a
patient airway CQO, sensor configured to sense patient
capnography data;
a processor electrically coupled to the multiple patient
sensors and configured to receive the sensed patient
physiological parameter data, the processor further
configured to:
determine an effectiveness index based on the sensed
patient tissue oximetry data or the patient capnog-
raphy data;

scale the sensed patient physiological parameter data
based on the effectiveness index; and
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an output of the effectiveness index including the scaled
patient physiological parameter data transmitted to a
display.

18. The medical device of claim 7, wherein the sensed
patient physiological parameters include one or more of
patient transthoracic impedance data, electrocardiogram
(ECG) data, blood pressure data, blood flow data, cardiac
performance data, or cardiopulmonary resuscitation (CPR)
data.

19. The medical device of claim 1, wherein the processor
is further configured to receive patient confounder data and
the output of the effectiveness index further includes the
confounder data.

20. The medical device of claim 19, wherein the patient
confounder data includes one or more of medication admin-
istration, observation data, or treatment administration.

21. The medical device of claim 17, wherein the processor
is further configured to receive confounder data and to
determine the effectiveness index based on the confounder
data.

22. The medical device of claim 17, wherein the processor
is further configured to iteratively determine the effective-
ness index.

23. The medical device of claim 17, wherein the processor
is further configured to calculate a physiologic trend based
on one or both of the patient tissue oximetry data or patient
capnography data and to determine the effectiveness index
based on the physiologic trend.

24. The medical device of claim 23, wherein the processor
is further configured to identify a trajectory of the physi-
ologic trend and the output is further configured to include
the trajectory of the physiologic trend.

25. The medical device of claim 7, wherein the processor
is further configured to calculate a patient physiological
parameter trend based on the sensed patient physiological
parameters and to scale the patient physiological parameter
trend based on the effectiveness index.

26. The medical device of claim 25, wherein the processor
is further configured to identify a trajectory of the patient
physiological parameter trend and the output is further
configured to include the patient physiological parameter
trend.

27. The medical device of claim 26, wherein the trajectory
is indicative of patient return of spontaneous circulation
(ROSC), patient likelihood of ROSC, or patient re-arrest.

28. The medical device of c¢laim 17, wherein one or both
of the sensed patient physiological parameters, the patient
tissue oximetry, or the patient capnography data is indicative
of patient hemodynamic adequacy.

29. The medical device of claim 28, wherein the patient
hemodynamic adequacy includes an indication of patient
return of spontaneous circulation (ROSC), a patient likeli-
hood of ROSC, or patient re-arrest.
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