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7) ABSTRACT

A medical system for assisting with an intubation procedure
for a patient. The system comprising airflow sensors con-
figured to obtain data indicative of airflow in the patient’s
airway and physiological sensors configured to obtain infor-
mation regarding airflow in the patient’s lungs. The system
further including a monitoring device communicatively
coupled to the airflow sensors and the physiological sensors.
The patient monitoring device comprising at least one
processor coupled to memory and configured to: provide a
user interface on a display and assist the rescuer in deter-
mining proper placement of an endotracheal tube, receive
the data indicative of the airflow in the patient’s airway,
receive the physiological information regarding the airflow
in the patient’s lungs, and determine whether the tube is
properly placed based on the received physiological infor-
mation, and present an output of the determination of
whether the ET tube was properly placed.
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SYSTEMS AND METHODS FOR ASSISTING
PATIENT AIRWAY MANAGEMENT

RELATED APPLICATIONS

[0001] This application claims priority under 35 U.S.C. §
119(e) to U.S. Provisional Application Ser. No. 62/618,391,
filed on Jan. 17, 2018, the entire contents of which are
hereby incorporated by reference.

BACKGROUND

[0002] A tracheal tube is a conduit that is inserted into the
trachea of a patient to establish and maintain a patient’s
airway. Tracheal tubes are frequently used for airway man-
agement in settings of general anesthesia, critical care and
emergency medicine to provide mechanical ventilation. Tra-
cheal tubes are used to ensure an adequate exchange of
oxygen and carbon dioxide, to deliver oxygen in higher
concentrations than found in air, or to administer other gases
to a patient.

[0003] An endotracheal tube is a specific type of tracheal
tube that is usually inserted through the mouth or nose. It is
a breathing channel designed to be placed into the airway of
critically injured, ill, or anesthetized subjects in order to
perform positive pressure ventilation of the lungs and to
prevent the possibility of aspiration or airway obstruction.

[0004] Endotracheal intubation generally refers to the pro-
cedure for placing a tracheal tube into the trachea of a patient
to maintain an open airway, provide ventilatory assistance,
or to serve as a conduit through which to administer certain
drugs. Intubation is generally performed in critically injured,
ill or anesthetized subjects to facilitate ventilation of the
lungs and to prevent the possibility of asphyxiation, airway
obstruction, or aspiration of gastric contents. To facilitate
placement of the endotracheal tube, rapid sequence intuba-
tion (RSI) is a common method of prompt intubation of
unconsciousness and neuromuscular blockage in emergency
scenarios.

SUMMARY

[0005] An example of a medical system for assisting a
rescuer with an intubation or other advanced airway proce-
dure for a patient is described. The system may include an
airflow sensor configured to obtain data indicative of airflow
in the patient’s airway, a physiological sensor configured to
obtain information regarding airflow in the patient’s lungs,
and a patient monitoring device communicatively coupled to
the airflow sensor and the physiological sensor. The patient
monitoring device further includes at least one processor and
memory. The at least one processor may be configured to
receive the data indicative of the airflow in the patient’s
airway, determine the presence of airflow in the patient’s
airway based on the received data, initiate a timer based on
the determined presence of airflow in the patient’s airway
setting an interval to confirm proper placement of the ET
tube, receive the physiological information regarding the
airflow in the patient’s lungs, determine whether ET tube is
properly placed within the predetermined interval based on
the received physiological information, and present to the
user interface an output of the determination of whether the
ET tube is properly placed.

[0006] Implementations of such a system may include one
or of the following features. The medical system may
include one or more airflow sensors that comprise at least
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one of: an oxygen sensor for measuring a concentration of
oxygen in the patient’s airway, a flow sensor for measuring
gas flow rate in the patient’s airway, and a capnography
sensor for measuring a concentration of CO2 in the patient’s
airway. The medical system may include one or more
physiological sensors that comprises at least one of: pulse
oximeter for obtaining oxygen saturation information from
the patient, a capnography sensor for obtaining ETCO2
information from the patient, ECG sensors for obtaining
ECG signals from the patient, an acoustic sensor for obtain-
ing acoustic information from the patient, impedance sen-
sors for obtaining a transthoracic impedance of the patient,
and non-invasive blood pressure sensors for obtaining blood
pressure of the patient.

[0007] The medical system may include one or more
physiological sensors that comprise at least one of the
capnography sensor, the impedance sensors, and the acous-
tic sensor. The medical system may include a patient moni-
toring device that includes a defibrillator, the patient moni-
toring device comprises an automated external defibrillator
or a professional style defibrillator.

[0008] The medical system may further include user inter-
face for assisting the rescuer in determining proper place-
ment of an endotracheal (ET) tube is configured to display
visual feedback. The medical system may include visual
feedback that includes at least one of: oxygen saturation, end
tidal CO2 (ETCO2), ECG signals from the patient, acoustic
information, a transthoracic impedance, blood pressure,
body temperature, heart rate, and respiration rate.

[0009] The medical system may include a display thatis a
touchscreen display configured to receive input from the
rescuer and wherein the patient monitor includes more or
more inputs for receiving information from the rescuer.
Additionally, the inputs include at least one of: softkeys,
buttons, knobs, touchscreen inputs, and switches.

[0010] The medical system may further include one or
more portable computing devices communicatively coupled
to the patient monitoring device to transmit and receive
patient information from the patient monitoring device. The
medical system may include one or more portable comput-
ing devices that include at least one of a tablet computer,
smartphone, and laptop, wherein the portable computing
device includes a touchscreen display for receiving patient
information from the rescuer, the patient information includ-
ing at least one of: a height, a weight, and a gender of the
patient. The medical system may include a portable com-
puting device that connects to one or more central facilities
to obtain additional patient information about the patient.
The medical system may include determination of whether
the ET tube was properly placed prior to the expiration of the
timer and is displayed on at least one of the display of the
patient monitoring device and the portable computing
device.

[0011] The medical system may further provide physi-
ological information for determining whether the ET tube is
properly placed comprises an ETCO2 value meeting a
predetermined criterion. The medical system may provide a
predetermined criterion that comprises a measured ETCO2
value exceeding a predetermined threshold. The medical
system may provide a predetermined criterion that com-
prises a trend in measured ETCO2 exceeding a predeter-
mined threshold trend. The medical system may provide
predetermined criterion that comprises a measured ETCO2
value being greater or less than a percentage of a moving
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average of a plurality of previously measured ETCO2 val-
ues. The medical system may provide predetermined crite-
rion that comprises consecutive measured ETCO2 value
being greater or less than a percentage of a moving average
of a plurality of previously measured ETCO2 values.
[0012] The medical system may further provide physi-
ological information for determining whether the ET tube is
properly placed comprises a transthoracic impedance value
meeting a predetermined criterion. The medical system may
provide predetermined criterion that comprises a measured
ETCO2 value exceeding a predetermined threshold.

[0013] The medical system may further provide predeter-
mined criterion that includes a trend in measured ETCO2
exceeding a predetermined threshold trend. The medical
system may provide at least one processor that is configured
to initiate a timer based on the determined presence of
airflow in the patient’s airway. Additionally, the at least one
processor may be configured to determine whether the ET
tube is properly placed based prior to expiration of the timer.
Additionally, the at least one processor may be configured to
present the output to the user interface the determination of
whether the ET tube was properly placed prior to the
expiration of the timer. The medical system may further
include a timer that is a default value between 5 and 15
seconds. Additionally, the medical system may further
include a timer that is a user-defined value.

[0014] An example of a medical system for assisting a
rescuer with an intubation procedure for a patient is
described. The system may include one or more airflow
sensors configured to obtain data indicative of airflow in the
patient’s airway; one or more physiological sensors config-
ured to obtain physiological information regarding airflow in
the patient’s lungs; a patient monitoring device communi-
catively coupled to the one or more airflow sensors and the
one or more physiological sensors. The patient monitoring
device may include a user interface comprising a display,
and at least one processor and memory configured to receive
the data indicative of the airflow in the patient’s airway,
determine the presence of airflow in the patient’s airway
based on the received data, receive the physiological infor-
mation regarding the airflow in the patient’s lungs, deter-
mine a physiological baseline regarding airflow in the
patient’s lungs after placement of the ET tube, determine
whether the ET tube remains properly placed based on a
deviation from the physiological baseline, and present to the
display of the user interface an output of the determination
of whether the ET tube remains properly placed.

[0015] Implementations of such a medical system may
include one or more of the following features. The physi-
ological baseline may comprise an initial baseline deter-
mined upon initial placement of the ET tube. The initial
baseline may include an average of a plurality of physi-
ological values received upon initial placement of the ET
tube. The deviation from the physiological baseline may
include a percentage difference between a current physi-
ological value and the initial baseline. The physiological
baseline may include a dynamic baseline determined from
updated physiological values obtained after initial tube
placement. The dynamic baseline may include a moving
average of a plurality of physiological values received after
placement of the ET tube. The medical system may include
one or more physiological sensors that includes at least one
of a capnography sensor, acoustic sensor, and an impedance
sensor. The medical system may include a one or more
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airflow sensors includes at least one of an oxygen sensor for
measuring a concentration of oxygen in the patient’s airway,
a flow sensor for measuring gas flow rate in the patient’s
airway, and a capnography sensor for measuring a concen-
tration of CO2 in the patient’s airway.

[0016] The medical system may include one or more
physiological sensors including at least one of a capnogra-
phy sensor for obtaining ETCO2 information from the
patient, an acoustic sensor for obtaining acoustic informa-
tion from the patient, and impedance sensors for obtaining
a transthoracic impedance of the patient. The medical sys-
tem may include one or more physiological sensors includ-
ing the capnography sensor and the physiological baseline
regarding the airflow in the patient’s lungs including at least
one ETCO2 value. The medical system may include at least
one ETCO2 value includes an initial baseline determined
upon initial placement of the ET tube. The medical system
may include an initial baseline that is determined as an
average of a plurality of ETCO2 values upon initial place-
ment of the ET tube. The medical system may provide a
deviation from the physiological baseline that includes a
percentage difference between at least one current ETCO2
value and the initial baseline. The medical system may
provide at least one ETCO2 value includes a dynamic
baseline with continually updated ETCO2 values. The medi-
cal system may provide a dynamic baseline that includes a
moving average of a plurality of ETCO2 values received
after placement of the ET tube. The medical system may
include one or more physiological sensors includes the
transthoracic impedance sensor and the physiological base-
line regarding the airflow in the patient’s lungs includes at
least one transthoracic impedance value. The medical sys-
tem may provide at least one transthoracic impedance value
that includes an initial baseline determined upon initial
placement of the ET tube.

[0017] The medical system may provide an initial baseline
that includes an average of a plurality of initial transthoracic
impedance values received upon initial placement of the ET
tube. The medical system may provide a deviation from the
physiological baseline includes a percentage difference
between a current transthoracic impedance value and the
initial baseline. The medical system may provide at least one
transthoracic impedance value includes a dynamic baseline
with continually updated transthoracic impedance values.
The medical system may provide a dynamic baseline
includes a moving average of a plurality of transthoracic
impedance values received after placement of the ET tube.
The medical system may include one or more physiological
sensors that includes the acoustic sensor and the physiologi-
cal baseline regarding the airflow in the patient’s lungs
includes at least one spectral pattern. The medical system
may provide at least one spectral pattern that includes an
initial baseline determined upon initial placement of the ET
tube. The medical system may provide an initial baseline
that includes an average of a plurality of initial spectral
components received upon initial placement of the ET tube.
The medical system may provide a deviation from the
physiological baseline that includes a percentage difference
between a current spectral component and the initial base-
line.

[0018] The medical system may provide at least one
spectral pattern that includes a dynamic baseline with con-
tinually updated spectral pattern. The medical system may
provide a dynamic baseline includes a moving average of a
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plurality of spectral components received after placement of
the ET tube. The medical system may include a patient
monitoring device that includes a defibrillator. The medical
system may include a patient monitoring device that
includes an automated external defibrillator or a professional
style defibrillator. The medical system may include a user
interface that is configured to display visual feedback. The
medical system may provide a visual feedback that includes
at least one of oxygen saturation, end tidal CO2 (ETCQO2),
ECG signals from the patient, acoustic information, a tran-
sthoracic impedance, blood pressure, body temperature,
heart rate, and respiration rate. The medical system may
include a display that is a touchscreen display configured to
receive input from the rescuer. The medical system may
include a patient monitoring device includes one or more
inputs for receiving information from the rescuer. The
medical system may include inputs that include at least one
of softkeys, buttons, knobs, touchscreen inputs, and
switches. The medical system may include one or more
portable computing devices communicatively coupled to the
patient monitoring device to transmit and receive patient
information from the patient monitoring device.

[0019] The medical system may include one or more
portable computing devices including at least one of a tablet
computer, smartphone, and laptop. The medical system may
include a portable computing device includes a touchscreen
display for receiving patient information from the rescuer,
the patient information including at least one of a height, a
weight, and a gender of the patient. The medical system may
include a portable computing device that connects to one or
more central facilities to obtain additional patient informa-
tion about the patient. The medical system may provide a
determination of whether the ET tube remains properly
placed that is displayed on at least one of the display of the
patient monitoring device and the portable computing
device. The medical system may include at least one pro-
cessor that is configured to determine whether the ET tube
remains properly placed prior to expiration of the timer. The
medical system may include at least one processor that is
configured to present the output of the determination of
whether the ET tube remains properly placed prior to the
expiration of the timer. The medical system may provide a
timer that is a predefined value between 5 and 15 seconds.
The medical system may provide a timer that is a user-
defined value. The medical system may provide a determi-
nation of whether the ET tube remains properly placed that
is based on a correlation between the received physiological
information and the determined presence of airflow in the
patient’s airway. The medical system may provide a corre-
lation that includes a confirmation that a positive pressure
breath given to the patient has reached the patient’s lungs.
The medical system may provide a positive pressure breath
given to the patient that results in the determined presence
of airflow in the patient’s airway.

[0020] The medical system of claim may include at least
one processor and memory configured to determine a prior
baseline before placement of the ET tube is initiated, and
determine whether the ET tube is properly placed based on
a deviation from the prior baseline. The medical system may
include one or more impedance sensors for obtaining a
transthoracic impedance of the patient, wherein the prior
baseline is based on the transthoracic impedance of the
patient.
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[0021] An example of a medical system for assisting a
rescuer with an intubation procedure for a patient is
described. The system may include one or more airflow
sensors configured to obtain data indicative of airflow in the
patient’s airway, one or more capnography sensors config-
ured to obtain CO2 information regarding airflow in the
patient’s lungs, a patient monitoring device communica-
tively coupled to the one or more airflow sensors and the one
or more capnography sensors, the patient monitoring device
comprising a user interface comprising a display, and at least
one processor and memory configured to receive the data
indicative of the airflow in the patient’s airway, determine
the presence of airflow in the patient’s airway based on the
received data, receive the CO2 information regarding the
airflow in the patient’s lungs, determine whether the ET tube
remains properly placed based on the received CO2 infor-
mation, and present to the display of the user interface an
output of the determination of whether the ET tube remains
properly placed.

[0022] Implementations of such a medical system may
include one or more of the following features. The CO2
information for determining whether the ET tube remains
properly placed may include an ETCO2 value meeting a
predetermined criterion. The medical system may provide a
predetermined criterion that includes a deviation from a
physiological baseline regarding airflow in the patient’s
lungs. The medical system may include at least one proces-
sor and memory that is configured to determine the physi-
ological baseline after initial placement of the ET tube. The
medical system may provide a physiological baseline that is
an initial baseline determined upon initial placement of the
ET tube. The medical system may include an initial baseline
includes an average of a plurality of initial ETCO2 values
received upon initial placement of the ET tube. The medical
system may provide a deviation from the physiological
baseline that includes a percentage difference between a
current ETCO2 value and the initial baseline. The medical
system may provide a physiological baseline that is a
dynamic baseline with continuvally updated ETCO2 values
measured after initial tube placement. The medical system
may provide a dynamic baseline includes a moving average
of a plurality of ETCO2 values received after placement of
the ET tube. The medical system may include a one or more
airflow sensors includes at least one of an oxygen sensor for
measuring a concentration of oxygen in the patient’s airway,
and a flow sensor for measuring gas flow rate in the patient’s
airway.

[0023] The medical system may provide a predetermined
criterion that includes an ETCO2 value exceeding a prede-
termined threshold. The medical system may provide a
predetermined criterion includes an ETCO2 value falling
within a desired range. The medical system may provide an
ETCO2 value that is determined as an average of a plurality
of ETCO2 values, and the predetermined criterion includes
the average ETCO2 value exceeding the predetermined
threshold. The medical system may provide an ETCO2
value that is determined as an average of a plurality of
ETCO2 values, and the predetermined criterion includes the
average ETCO2 value falling within the desired range. The
medical system may provide a predetermined criterion
includes a trend in the average ETCO2 value exceeding a
predetermined threshold trend. The medical system may
provide a predetermined criterion that includes an averaged
ETCO2 value being greater a percentage of a moving
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average of a plurality of previously measured ETCO2 val-
ues. The medical system may provide a predetermined
criterion that includes an averaged ETCO2 value being less
than a percentage of a moving average of a plurality of
previously measured ETCO2 values. The medical system
may include a patient monitoring device includes a defibril-
lator. The medical system may include a patient monitoring
device includes an automated external defibrillator or a
professional style defibrillator. The medical system may
include a user interface that is configured to display visual
feedback.

[0024] The medical system may provide a visual feedback
includes at least one of oxygen saturation, end tidal CO2
(ETCO2), ECG signals from the patient, acoustic informa-
tion, a transthoracic impedance, blood pressure, body tem-
perature, heart rate, and respiration rate. The medical system
may include a display that is a touchscreen display config-
ured to receive input from the rescuer. The medical system
may include a patient monitoring device includes one or
more inputs for receiving information from the rescuer. The
medical system may include inputs include at least one of
softkeys, buttons, knobs, touchscreen inputs, and switches.
The medical system may include one or more portable
computing devices communicatively coupled to the patient
monitoring device to transmit and receive patient informa-
tion from the patient monitoring device. The medical system
may include a one or more portable computing devices
includes at least one of a tablet computer, smartphone, and
laptop. The medical system may include a portable comput-
ing device includes a touchscreen display for receiving
patient information from the rescuer, the patient information
including at least one of a height, a weight, and a gender of
the patient.

[0025] The medical system may include a portable com-
puting device connects to one or more central facilities to
obtain additional patient information about the patient. The
medical system may provide a determination of whether the
ET tube remains properly placed that is displayed on at least
one of the display of the patient monitoring device and the
portable computing device. The medical system may include
at least one processor that is configured to initiate a timer
based on the determined presence of airflow in the patient’s
airway. The medical system may include at least one pro-
cessor that is configured to determine whether the ET tube
remains properly placed based prior to expiration of the
timer. The medical system may include at least one proces-
sor that is configured to present the output to the user
interface the determination of whether the ET tube remains
properly placed prior to the expiration of the timer. The
medical system may provide a timer that is a predefined
value between 5 and 15 seconds. The medical system may
provide a timer that is a user-defined value.

[0026] The medical system may provide a determination
of whether the ET tube remains properly placed that is based
on a correlation between the received physiological infor-
mation and the determined presence of airflow in the
patient’s airway. The medical system may include a corre-
lation that includes a confirmation that a positive pressure
breath given to the patient has reached the patient’s lungs.
The medical system may include a positive pressure breath
given to the patient results in the determined presence of
airflow in the patient’s airway. The medical system may
include one or more impedance sensors for obtaining a
transthoracic impedance of the patient. The medical system
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may include at least one processor and memory that is
configured to receive the transthoracic impedance regarding
the airflow in the patient’s lungs. The medical system may
provide a determined physiological baseline includes an
initial transthoracic impedance baseline determined upon
initial placement of the ET tube.

[0027] The medical system may provide an initial transt-
horacic impedance baseline that includes an average of a
plurality of initial transthoracic impedance values received
upon initial placement of the ET tube. The medical system
may provide a deviation from the physiological baseline that
includes a percentage difference between a current transt-
horacic impedance value and the initial baseline. The medi-
cal system may provide a determined physiological baseline
that includes a dynamic transthoracic impedance baseline
with continually updated transthoracic impedance values.
The medical system may provide a dynamic baseline that
includes a moving average of a plurality of transthoracic
impedance values received after placement of the ET tube.
The medical system may include at least one processor and
memory is configured to determine a prior baseline before
placement of the ET tube is initiated, and determine whether
the ET tube is properly placed based on a deviation from the
prior baseline. The medical system may include one or more
impedance sensors for obtaining a transthoracic impedance
of the patient, wherein the prior baseline is based on the
transthoracic impedance of the patient.

[0028] An example of a medical system for assisting a
rescuer with an intubation procedure for a patient is
described. The system may include one or more airflow
sensors configured to obtain data indicative of airflow in the
patient’s airway, one or more impedance sensors for obtain-
ing a transthoracic impedance of the patient, a patient
monitoring device communicatively coupled to the one or
more airflow sensors and the one or more impedance sen-
sors, the patient monitoring device comprising a user inter-
face comprising a display, and at least one processor and
memory configured to receive the data indicative of the
airflow in the patient’s airway, determine the presence of
airflow in the patient’s airway based on the received data,
receive the transthoracic impedance regarding the airflow in
the patient’s lungs, determine a physiological baseline
regarding airflow in the patient’s lungs after initial place-
ment of the ET tube, determine whether the ET tube remains
properly placed based on a deviation from the determined
physiological baseline, and present to the display of the user
interface an output of the determination of whether the ET
tube remains properly placed.

[0029] Implementations of such a medical system may
include one or more of the following features. The medical
system may provide a physiological baseline that is an initial
baseline determined upon initial placement of the ET tube.
The medical system may provide an initial baseline that
includes an average of a plurality of initial transthoracic
impedance values received upon initial placement of the ET
tube. The medical system may provide a deviation from the
physiological baseline that includes a percentage difference
between a current transthoracic impedance value and the
initial baseline. The medical system may provide a physi-
ological baseline that is a dynamic baseline with continually
updated transthoracic impedance values. The medical sys-
tem may provide a dynamic baseline that includes a moving
average of a plurality of transthoracic impedance values
received after placement of the ET tube.
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[0030] The medical system may include one or more
airflow sensors that include at least one of an oxygen sensor
for measuring a concentration of oxygen in the patient’s
airway, a flow sensor for measuring gas flow rate in the
patient’s airway, and a capnography sensor for measuring a
concentration of CO2 in the patient’s airway. The medical
system may include a capnography sensor configured to
obtain CO2 information regarding airflow in the patient’s
lungs. The medical system may include at least one proces-
sor and memory that is configured to receive the CO2
information regarding the airflow in the patient’s lungs. The
medical system may provide a determined physiological
baseline that includes an initial ETCO2 baseline determined
upon initial placement of the ET tube. The medical system
may provide an initial ETCO2 baseline that includes an
average of a plurality of initial ETCO2 values received upon
initial placement of the ET tube. The medical system may
provide a deviation from the physiological baseline that
includes a percentage difference between a current ETCO2
value and the initial baseline.

[0031] The medical system may provide a determined
physiological baseline that includes a dynamic ETCO2
baseline with continually updated transthoracic impedance
values. The medical system may provide a dynamic baseline
that includes a moving average of a plurality of ETCO2
values received after placement of the ET tube.

[0032] The medical system may include a patient moni-
toring device includes a defibrillator. The medical system
may include a patient monitoring device includes an auto-
mated external defibrillator or a professional style defibril-
lator. The medical system may include a user interface that
is configured to display visual feedback. The medical system
may provide a visual feedback includes at least one of
oxygen saturation, end tidal CO2 (ETCO2), ECG signals
from the patient, acoustic information, a transthoracic
impedance, blood pressure, body temperature, heart rate,
and respiration rate. The medical system may include a
display that is a touchscreen display configured to receive
input from the rescuer. The medical system may include a
patient monitoring device includes one or more inputs for
receiving information from the rescuer. The medical system
may include an inputs include at least one of softkeys,
buttons, knobs, touchscreen inputs, and switches. The medi-
cal system may include one or more portable computing
devices communicatively coupled to the patient monitoring
device to transmit and receive patient information from the
patient monitoring device. The medical system may include
a one or more portable computing devices includes at least
one of a tablet computer, smartphone, and laptop. The
medical system may include a portable computing device
includes a touchscreen display for receiving patient infor-
mation from the rescuer, the patient information including at
least one of a height, a weight, and a gender of the patient.
The medical system may include a portable computing
device connects to one or more central facilities to obtain
additional patient information about the patient.

[0033] The medical system may provide a determination
of whether the ET tube remains properly placed that is
displayed on at least one of the display of the patient
monitoring device and the portable computing device. The
medical system may include at least one processor that is
configured to initiate a timer based on the determined
presence of airflow in the patient’s airway. The medical
system may include at least one processor that is configured
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to determine whether the ET tube remains properly placed
based prior to expiration of the timer. The medical system
may include at least one processor that is configured to
present the output to the user interface the determination of
whether the ET tube remains properly placed prior to the
expiration of the timer. The medical system may provide a
timer that is a predefined value between 5 and 15 seconds.
The medical system may provide a timer that is a uset-
defined value. The medical system may provide a determi-
nation of whether the ET tube remains properly placed that
is based on a correlation between the received physiological
information and the determined presence of airflow in the
patient’s airway. The medical system may provide a corre-
lation that includes a confirmation that a positive pressure
breath given to the patient has reached the patient’s lungs.
The medical system may provide a positive pressure breath
given to the patient resulting in the determined presence of
airflow in the patient’s airway.

[0034] The medical system may include at least one
processor and memory configured to determine a prior
baseline before placement of the ET tube is initiated, and
determine whether the ET tube 1s properly placed based on
a deviation from the prior baseline. The prior baseline may
be based on the transthoracic impedance of the patient.

[0035] An example of a medical system for assisting a
rescuer with an intubation procedure for a patient is
described. The system may include one or more airflow
sensors configured to obtain data indicative of airflow in the
patient’s airway, one or more acoustic sensors for obtaining
acoustic information from the patient, a patient monitoring
device communicatively coupled to the one or more airflow
sensors and the one or more acoustic sensors, the patient
monitoring device comprising a user interface comprising a
display, and at least one processor and memory configured
to receive the data indicative of the airflow in the patient’s
airway, determine the presence of airflow in the patient’s
airway based on the received data, receive the acoustic
information regarding the airflow in the patient’s lungs,
determine a physiological baseline regarding airflow in the
patient’s lungs after initial placement of the ET tube, deter-
mine whether the ET tube remains properly placed based on
a deviation from the determined physiological baseline, and
present to the display of the user interface an output of the
determination of whether the ET tube remains properly
placed.

[0036] Implementations of such a medical system may
include one or more of the following features. The medical
system may provide a physiological baseline that is an initial
baseline determined upon initial placement of the ET tube.
The medical system may provide an initial baseline that
includes an average of a plurality of initial spectral compo-
nents received upon initial placement of the ET tube. The
medical system may provide a deviation from the physi-
ological baseline that includes a percentage difference
between a current spectral pattern and the initial baseline.
The medical system may provide a physiological baseline
that is a dynamic baseline with continually updated spectral
pattern. The medical system may provide a dynamic base-
line that includes a moving average of a plurality of spectral
components received after placement of the ET tube. The
medical system may include a one or more airflow sensors
includes at least one of an oxygen sensor for measuring a
concentration of oxygen in the patient’s airway, a flow
sensor for measuring gas flow rate in the patient’s airway,
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and a capnography sensor for measuring a concentration of
CO2 in the patient’s airway. The medical system may
include a capnography sensor configured to obtain CO2
information regarding airflow in the patient’s lungs. The
medical system may include at least one processor and
memory that is configured to receive the CO2 information
regarding the airflow in the patient’s lungs. The medical
system may provide a determined physiological baseline
that includes an initial ETCO2 baseline determined upon
initial placement of the ET tube. The medical system may
provide an initial ETCO?2 baseline that includes an average
of a plurality of initial ETCO2 values received upon initial
placement of the ET tube. The medical system may provide
a deviation from the physiological baseline that includes a
percentage difference between a current ETCO2 value and
the initial baseline.

[0037] The medical system may provide a determined
physiological baseline that includes a dynamic ETCO2
baseline with continually updated transthoracic impedance
values. The medical system may provide a dynamic baseline
that includes a moving average of a plurality of ETCO2
values received after placement of the ET tube. The medical
system may include one or more impedance sensors for
obtaining a transthoracic impedance of the patient. The
medical system may include at least one processor and
memory that is configured to receive the transthoracic
impedance regarding the airflow in the patient’s lungs. The
medical system may provide a determined physiological
baseline that includes an initial transthoracic impedance
baseline determined upon initial placement of the ET tube.
The medical system may provide an initial transthoracic
impedance baseline that includes an average of a plurality of
initial transthoracic impedance values received upon initial
placement of the ET tube. The medical system may provide
a deviation from the physiological baseline that includes a
percentage difference between a current transthoracic
impedance value and the initial baseline. The medical sys-
tem may provide a determined physiological baseline that
includes a dynamic transthoracic impedance baseline with
continually updated transthoracic impedance values. The
medical system may provide a dynamic baseline that
includes a moving average of a plurality of transthoracic
impedance values received after placement of the ET tube.

[0038] The medical system may include a patient moni-
toring device that includes a defibrillator. The medical
system may include a patient monitoring device includes an
automated external defibrillator or a professional style defi-
brillator. The medical system may include a user interface
that is configured to display visual feedback. The medical
system may include a visual feedback includes at least one
of oxygen saturation, end tidal CO2 (ETCO2), ECG signals
from the patient, acoustic information, a transthoracic
impedance, blood pressure, body temperature, heart rate,
and respiration rate. The medical system may include a
display that is a touchscreen display configured to receive
input from the rescuer. The medical system may include a
patient monitoring device includes one or more inputs for
receiving information from the rescuer. The medical system
may include an inputs include at least one of softkeys,
buttons, knobs, touchscreen inputs, and switches. The medi-
cal system may include one or more portable computing
devices communicatively coupled to the patient monitoring
device to transmit and receive patient information from the
patient monitoring device. The medical system may include
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a one or more portable computing devices includes at least
one of a tablet computer, smartphone, and laptop. The
medical system may include a portable computing device
includes a touchscreen display for receiving patient infor-
mation from the rescuer, the patient information including at
least one of a height, a weight, and a gender of the patient.

[0039] The medical system may include a portable com-
puting device that connects to one or more central facilities
to obtain additional patient information about the patient.
The medical system may provide a determination of whether
the ET tube remains properly placed that is displayed on at
least one of the display of the patient monitoring device and
the portable computing device. The medical system may
include at least one processor that is configured to initiate a
timer based on the determined presence of airflow in the
patient’s airway. The medical system may include at least
one processor that is configured to determine whether the ET
tube remains properly placed based prior to expiration of the
timer. The medical system may include at least one proces-
sor that is configured to present the output to the user
interface the determination of whether the ET tube remains
properly placed prior to the expiration of the timer. The
medical system may provide a timer that is a predefined
value between 5 and 15 seconds. The medical system may
provide a timer that is a user-defined value. The medical
system may provide a determination of whether the ET tube
remains properly placed that is based on a correlation
between the received physiological information and the
determined presence of airflow in the patient’s airway. The
medical system may provide a correlation that includes a
confirmation that a positive pressure breath given to the
patient has reached the patient’s lungs. The medical system
may provide a positive pressure breath given to the patient
that results in the determined presence of airflow in the
patient’s airway.

[0040] The medical system may include at least one
processor configured to determine whether the ET tube
remains properly placed based prior to expiration of the
timer. The medical system may an output to the user
interface of a determination of whether the ET tube remains
properly placed prior to the expiration of the timer.

[0041] An example of a medical system for assisting a
rescuer in performing one or more steps of an airway
intubation procedure on a patient is described. The system
may comprise one or more sensors configured to obtain one
or more intubation parameters, and a medical device com-
municatively coupled to the one or more sensors, the medi-
cal device receiving the one or more intubation parameters
from the one or more sensors. The system may further
comprise a processor of the medical device configured to
analyze the obtained intubation parameters from the one or
more sensors and identify which step of the airway intuba-
tion procedure is being performed on the patient based on
values of the one or more intubation parameters. The system
includes an output device of the medical device configured
to generate feedback based on which of the identified one or
more steps of the airway intubation procedure is being
performed. Lastly, the processor detects when a different
step of the one or more steps of the airway intubation
procedure is performed based on the values of the one or
more intubation parameters changing, and adjusts the feed-
back of the output device to correspond to the detected
different step being performed. Implementations of such a
system may include one or more of the following features.
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[0042] An example of another for a medical system for
assisting a rescuer with a rapid sequence intubation (RSI)
procedure is provided. The medical system may include one
or more sensors configured to obtain data indicative of one
or more intubation parameters (e.g., gas parameter(s), physi-
ological parameter(s), positioning parameter(s), and a
patient monitoring device communicatively coupled to the
one or more sensors. The patient monitoring device may
include a user interface, a memory comprising a plurality of
predetermined RSI steps and a plurality of intubation param-
eter values corresponding to the plurality of predetermined
RSI steps, a processor coupled to the memory. The processor
may be configured to receive data indicative of one or more
intubation parameters, estimate one or more intubation
parameter values based on the data, detect a transition from
a first RSI step to a second RSI step chosen from the
plurality of predetermined RSI steps based on a change in
the one or more intubation parameter values, and present to
the user interface an output to assist the rescuer in perform-
ing the second RSI step. In various embodiments, gas
parameters may include one or more of oxygen (O2) con-
centration, carbon dioxide (CO2) concentration, gas flow
rate, inspiratory flow rate, expiratory flow rate, tidal volume,
minute volume, airway pressure, gas temperature, and gas
humidity. Physiological parameters may include one or
more of oxygen saturation, end-tidal CO2, pulse oximetry,
near infrared spectroscopy, transthoracic impedance, ECG,
acoustic information, and blood pressure. Positioning
parameters may include one or more of motion information,
displacement, position information, velocity, acceleration,
video information, and image information. The medical
system may comprise a defibrillator. The medical system
may require the rescuers to verify the detected different step
manually prior to the output device adjusting the feedback.
The one or more sensors may comprise a pulse oximeter
configured to acquire oxygen saturation information from
the patient. The output device is configured to initiate an
alarm if the oxygen saturation information indicates that the
patient is experiencing hypoxemia. The output device may
further be configured to initiate an alarm if the oxygen
saturation information falls below a predetermined thresh-
old. The predetermined threshold may be based on at least
one of an age, height, weight, and gender of the patient. The
one Or more sensors may comprise a motion sensor config-
ured to acquire motion signals indicative of progress of the
rescuer in performing the airway intubation procedure.

[0043] The system may comprise electrocardiogram leads
to acquire heart beat information of the patient. The one or
more sensors may comptise a capnography sensor config-
ured to acquire end-tidal CO2 (ETCO2) information from an
airway of the patient. The one or more sensors may comprise
an oxygen sensor configured to acquire oxygen delivery
parameters from the airway of the patient. The one or more
sensors may comprise a flow sensor configured to acquire
flow rate parameters from an airway of the patient. The one
or more sensors may be integrated within an airway sensor
module configured to be positioned in the airway of the
patient. The airway sensor(s) may be configured to be
coupled with a bag-valve mask for performing manual
ventilations on the patient.

[0044] The medical system may provide parameters of the
patient that include oxygen saturation, expired carbon diox-
ide levels, and end tidal carbon dioxide (ETCO2). The
processor may be configured to automatically determine
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whether preoxygenation has begun based on the changes in
values of the intubation parameters. The one or more intu-
bation parameters may comprise at least one of an amount
of oxygen detected by an oxygen sensor placed in an airway
of the patient, and a flow rate of gas in the airway of the
patient. The processor is configured to automatically initiate
a preoxygenation timer in response to a start of a preoxy-
genation step of the airway intubation procedure for guiding
the rescuer in providing an adequate amount of oxygen to
the patient. The feedback generated by the output device
may comprise an indication that the preoxygenation timer
has expired. The processor may further be configured to
automatically initiate a procedure timer in response to a start
of an intubation step of the airway intubation procedure. The
feedback generated by the output device may comprise an
indication that procedure timer has expired. The output
device is a display for displaying visual feedback. The
display is a touchscreen display configured to receive input
from the rescuer.

[0045] The medical system further comprising a wrist-
worn device that provides at least of visual and audible
feedback to the rescuer. The wrist worn device may com-
prise an accelerometer that detects motion of the rescuer.
The medical system may comprise near-field communica-
tion transceivers on the airflow sensor module and an ET
tube to determine proximity of airflow sensor module and
the ET tube. The processor is configured to automatically
calculate drug dosage information of the patient in response
to user entered information. The output device is configured
to display the drug dosage information.

[0046] The processor may be configured to automatically
generate and store in memory event marker information in
response to actions being performed by the rescuer. The
output device may be configured to generate tones coordi-
nated with determined QRS complexes of the patient. The
output device may be configured to generate the tones in
response to a determination of a start of endotracheal tube
placement in the patient. The frequency of each tone is based
on a detected oxygen saturation level. The processor is
configured to automatically verify an initiation of tube
placement based on the one or more intubation parameters.
The one or more intubation parameters comprises a charac-
teristic of airflow in the airway of the patient. The charac-
teristic of airflow comprises at least one of flow rate in the
airway of the patient, ETCO2, and an amount of oxygen in
the airway of the patient. The processor may be configured
to start a procedure timer upon verification of the initiation
of tube placement. The feedback generated by the output
device comprises a display of the procedure timer. The
feedback generated by the output device comprises a display
of oxygen saturation information of the patient. The proces-
sor may be configured to automatically verify tube place-
ment based on the one or more intubation parameters.
[0047] The processor may be configured to automatically
verify that the patient is in proper position prior to tube
placement and the output device is configured to provide
feedback to the rescuers to move the patient to a proper
position if the patient is not in a cotrrect position for
intubation.

[0048] In another example, a medical device for assisting
a rescuer in performing one or more steps of an airway
intubation procedure on a patient is described. The system
may comprise an oxygen sensor configured to be positioned
in a path of the patient’s airway and to acquire one or more



US 2019/0224434 Al

oxygen delivery parameters, a capnography sensor config-
ured to be positioned in the path of the patient’s airway and
to acquire ETCO2 of the patient. The system may include a
flow sensor configured to be positioned in the path of the
patient’s airway and to acquire a flow rate in the patient’s
airway, at least one processor commutatively coupled to the
oxygen sensors and capnography sensor and configured to,
analyze the one or more oxygen delivery parameters from
the oxygen sensors, the capnography sensor, and the flow
sensor, to determine whether the patient is being properly
ventilated based on at least one of a detected amount of
oxygen in the patient’s airway, the measured ETCO2 of the
patient, and the flow rate in the patient’s airway; and an
output device including a visual display and configured to
display feedback to the rescuers based on the acquired
information indicative of the amount of oxygen in the
patient’s airway, ETCO2, and the flow rate in the patient’s
airway. Implementations of such a device may include one
or more of the following features.

[0049] The oxygen sensor, the capnography sensor and the
flow sensor may be generally provided as separate compo-
nents though, in certain embodiments, may be incorporated
in an integrated airway sensor module. The processor may
be configured to determine whether preoxygenation has
been initiated based on at least one of the amount of oxygen
in the patient’s airway and the flow rate in the patient’s
airway. In some embodiments, the processor may be con-
figured to begin a preoxygenation timer based on the deter-
mination of whether preoxygenation has been initiated. The
feedback on the output device comprises visual display of at
least one of the preoxygenation timer and an indicator of
oxygen reserve (e.g., oxygen reserve index which provides
an indication of the fullness of oxygen capacity of the
patient). The processor may be configured to determine
whether an intubation process has been initiated based on a
change in at least one of an amount of oxygen in the patient’s
airway and flow rate in patient’s airway. The change in the
amount of oxygen comprises a lack of change in oxygen
concentration detected in the airway sensor. The change in
the flow rate comprises a lack of flow detected in the airway
sensor. The processor may be configured to begin procedure
timer based on the determination of whether the intubation
process has been initiated. The feedback on the output
device Implementations of such a patient support structure
may include one or more of the following features.

[0050] An oxygen saturation sensor may be to acquire
information indicative of oxygen saturation levels of the
patient. The oxygen saturation sensor comprises at least one
of pulse oximeter and a near infrared tissue oxygen sensor.
The feedback of the output device comprises visual display
of the oxygen saturation level of the patient. The feedback
of the output device may be include an indication of whether
the oxygen saturation level of the patient has met criteria for
determining that the patient is at risk of being hypoxemic.
The criteria for determining that the patient is at risk of being
hypoxemic may comprise a determination that the oxygen
saturation level of the patient has dropped below a prede-
termined threshold during intubation of the patient.

[0051] The processor may be configured to determine
whether an intubation process has been completed success-
fully based on a change in at least one of flow rate in
patient’s airway, ETCO2 and change between the inspired
and expired oxygen concentration. The feedback of the
output device comprises visual display of at least one of the
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oxygen saturation level of the patient and ETCO2. The
output device may comprise an indication of whether the
oxygen saturation level of the patient has met criteria for
determining that the patient is at risk of being hypoxemic.
The criteria for determining that the patient is at risk of being
hypoxemic may comprise a determination that the oxygen
saturation level of the patient has dropped below a prede-
termined threshold during monitoring of the patient. Feed-
back of the output device of the ETCO2 and air flow may
comprise an indication of whether adequate ventilation is
being performed for determining if the patient is at risk
hypercarbia with the criteria determined based on predeter-
mined values for these values based on clinical norms and
patient information anthropometric data.

[0052] Various aspects of examples of the system are set
out in the claims. According to a first aspect of the present
system, a ventilation monitoring device comprises at least
one processor and at least one memory including computer
program code. The at least one memory and the computer
program code are configured with at least one processor to
cause the ventilation monitoring device to determine
whether an intubated subject’s tracheal tube is properly
placed by receiving an indication of a subject’s breathing
from at least one sensor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0053] Various aspects of the disclosure are discussed
below with reference to the accompanying figures, which are
not intended to be drawn to scale. The figures are included
to provide an illustration and a further understanding of
various examples, and are incorporated in and constitute a
part of this specification, but are not intended to limit the
scope of the disclosure. The drawings, together with the
remainder of the specification, serve to explain principles
and operations of the described and claimed aspects and
examples. In the figures, each identical or nearly identical
component that is illustrated in various figures is represented
by a like numeral. For purposes of clarity, not every com-
ponent may be labeled in every figure. A quantity of each
component in a particular figure is an example only and
other quantities of each, or any, component could be used.
[0054] FIG. 1A is a schematic illustration of an example of
a medical system, including a medical device, electrode
assembly, and rescuers providing medical treatment to a
patient prior to intubation.

[0055] FIG. 1B is a schematic illustration of an example of
a medical system, including the medical device, electrodes,
and endotracheal tube post intubation in accordance with an
embodiment.

[0056] FIG. 2 is a block diagram of the medical system
including components of a medical device, a plurality of
sensors capable of communicating with the medical device,
and a central facility in accordance with an embodiment.
[0057] FIG. 3Ais a flow chart illustrating steps performed
during rapid sequence intubation in accordance with an
embodiment.

[0058] FIG. 3B is a flow chart illustrating steps performed
during an intubation procedure involving less steps than that
shown in FIG. 3A in accordance with an embodiment.
[0059] FIG. 4Ais an exemplary user interface (dashboard)
of a medical device in accordance with an embodiment.
[0060] FIG. 4B is an exemplary user interface (dashboard)
of a medical device for treating a traumatic brain injury
(TBI) patient in accordance with an embodiment.
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[0061] FIG. 4C is an exemplary alternative user interface
(dashboard) of a medical device for treating a traumatic
brain injury (TBI) patient in accordance with another
embodiment.

[0062] FIG. 5 is a flow chart illustrating steps performed
during a determination of whether a patient needs rapid
sequence intubation in accordance with an embodiment.
[0063] FIGS. 6A and 6B are exemplary user interfaces of
a medical device during a determination of whether the
patient needs intubation using rapid sequence induction.
[0064] FIG. 7 is a flow chart illustrating steps performed
while preparing a patient for a rapid sequence intubation
procedure in accordance with an embodiment.

[0065] FIGS. 8A and 8B are exemplary user interfaces
(dashboards) displayed on a medical device during the
preparation of a patient for rapid sequence intubation in
accordance with an embodiment.

[0066] FIG. 9 is a flow chart illustrating steps performed
during the preoxygenation of a patient during a rapid
sequence intubation procedure in accordance with an
embodiment.

[0067] FIG. 10A is an exemplary user interface displayed
on a medical device during the preparation of a patient for
rapid sequence intubation showing an alarm indication in
accordance with an embodiment.

[0068] FIG. 10B is an additional exemplary user interface
displayed on a medical device during an intubation proce-
dure in accordance with an embodiment.

[0069] FIG. 11 is a flow chart illustrating steps performed
during the pre-treatment and paralysis of a patient during a
rapid sequence intubation procedure in accordance with an
embodiment.

[0070] FIG. 12 is an exemplary user interface displayed on
a medical device during the preparation of a patient for rapid
sequence intubation in accordance with an embodiment.
[0071] FIG. 13 is a flow chart illustrating steps performed
during the patient position steps of the rapid sequence
intubation procedure in accordance with an embodiment.
[0072] FIG. 14A is a flow chart illustrating steps pet-
formed during the placement of an endotracheal tube during
arapid sequence intubation procedure in accordance with an
embodiment.

[0073] FIG. 14B is an exemplary user interface displayed
on a medical device during the tube placement of a rapid
sequence intubation procedure.

[0074] FIG. 15A is an exemplary user interface displayed
on a medical device during the tube placement of a rapid
sequence intubation procedure.

[0075] FIG. 15B is a diagram of a testing screen of a
medical device showing testing in progress, the medical
device is configured in a manual mode for use with a
capnography sensor and a protocol comprising three aus-
cultations according to an example embodiment.

[0076] FIG. 15C is a diagram of a testing screen on a
medical device showing the testing has passed, the medical
device is configured in a manual mode for use with a
capnography sensor and a protocol comprising three aus-
cultations according to an example embodiment.

[0077] FIG. 15D is a diagram of a testing screen on a
medical device showing that the testing has failed, the
medical device is configured in a manual mode for use with
a capnography sensor and a protocol comprising three
auscultations according to an example embodiment.
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[0078] FIG. 15E is a diagram of a testing screen on a
medical device showing that the testing has failed, the
medical device is configured in a manual mode for use with
a capnography sensor, and a protocol comprising five aus-
cultations according to an example embodiment.

[0079] FIG. 15F is a diagram of a testing screen on a
medical device showing that the testing has failed, the
medical device is configured in a manual mode for use with
a capnography sensor, electrodes, and a protocol comprising
five auscultations according to an example embodiment.
[0080] FIG. 15G is a diagram of a testing screen on a
medical device showing that the testing has passed, the
medical device is configured in an automatic mode for use
a capnography sensor, electrodes, and a protocol comprising
five auscultations according to an example embodiment.
[0081] FIG. 16A is a flow chart illustrating steps per-
formed during the verification of endotracheal tube place-
ment in accordance with an embodiment.

[0082] FIG. 16B is a flow chart illustrating exemplary
steps performed during the post intubation verification in
accordance with an embodiment.

[0083] FIG. 16C is a flow chart illustrating exemplary
steps performed during the post intubation verification in
accordance with an embodiment.

[0084] FIG. 16D is a flow chart illustrating alternative
exemplary steps performed during the post intubation veri-
fication in accordance with an embodiment.

[0085] FIG. 16E is an exemplary user interface (dash-
board) displayed on a medical device during tube verifica-
tion and illustrates detection of airflow by a flow sensor in
accordance with an embodiment.

[0086] FIG. 16F is an exemplary user interface (dash-
board) displayed on a medical device during the tube
verification and illustrates the detection of a breath from
transthoracic impedance measured by electrodes in accor-
dance with an embodiment.

[0087] FIG. 16G is an exemplary user interface (dash-
board) displayed on a medical device during the tube
verification step and illustrates the detection of a breath by
a capnography sensor in accordance with an embodiment.
[0088] FIG. 16H is an exemplary user interface (dash-
board) displayed on a medical device during the tube
verification step and illustrates the detection of a breath from
both capnography sensor and electrodes in accordance with
an embodiment.

[0089] FIG. 161 is an exemplary user interface (dash-
board) displayed on a medical device during the tube
verification and illustrates the failure to detect a breath in
accordance with an embodiment.

[0090] FIG. 17 is a flow chart illustrating steps performed
during the post verification of endotracheal tube placement
in accordance with an embodiment.

[0091] FIG. 18 is a flow chart illustrating steps performed
during post-case debriefing in accordance with an embodi-
ment.

DETAILED DESCRIPTION

[0092] Rapid sequence induction (or intubation) is
intended to be an effective procedure for rapid placement of
the endotracheal tube in a patient. Successful RSI imple-
mentation often uses the mnemonic “The 7 P’s of RSI” to
help rescuers remember each of the steps involved in the
procedure. The 7 “Ps” include Preparation, Preoxygenation,
Pretreatment, Paralysis with induction, Protection and Posi-
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tioning, Placement with Proof, and Post-intubation manage-
ment. While some rescuers (or caregivers) may have exten-
sive experience performing intubation, other rescuers, may
have limited experience with the procedure and might not
remember the exact order of steps or all actions required to
ensure a successful outcome.

[0093] Intubation is a time-sensitive procedure that can be
quite dangerous and, thus, requires careful attention by the
rescuer. The present system is designed to optimize or
otherwise enhance the rescuer’s performance and the
patient’s safety during the procedure. In general, the present
system is related to a medical airway management system
that is designed to aid clinicians during intubation proce-
dures, such as the rapid sequence intubation procedure, as
discussed in further detail herein, amongst others. An advan-
tage of the present system is that the system provides
automated guidance and context-sensitive feedback
throughout the steps of procedure. The system uses a variety
of sensors to automatically detect which steps are being
performed, at any given time, and also identify when the
rescuers have started a new step. For instance, and will be
described in more detail below, medical devices (e.g.,
patient monitoring devices) for use in medical airway man-
agement systems in accordance with embodiments dis-
cussed may implement one or more sensors for obtaining
data indicative of one or more intubation parameters, where
the intubation parameter(s) may be used by the airway
management system to detect transition between steps in the
RSI procedure, or similar intubation procedure, based on
changes in the intubation parameter value(s). The airway
management system may also present on a user interface an
output to assist the rescuer in performing the various steps
of RSJ, or similar intubation procedure involving some or all
of the steps related to RSL

[0094] As noted above, one or more sensors may be used
to obtain information for one or more processors of the
airway management system to estimate one or more intu-
bation parameters relevant to the RSI procedure, or another
similar intubation/airway procedure. The intubation param-
eter(s) may include one or more gas parameters, one or more
physiological parameters, one or more positioning param-
eters, and/or other relevant parameters.

[0095] In accordance with various embodiments, one or
more gas parameters may be used as intubation parameters
employed by a patient monitoring device or other airway
management system to assist a rescuer through the RSI
procedure, or another similar intubation/airway procedure
(e.g., more limited intubation procedure). The gas parameter
(s) may include, for example, oxygen (02) concentration in
the patient airway, carbon dioxide (CO2) concentration in
the patient airway, gas flow rate, inspiratory flow rate,
expiratory flow rate, tidal volume, minute volume, airway
pressure, gas temperature, gas humidity, or other gas param-
eters characteristic of the patient airway, e.g., to determine
which steps in the overall procedure are being performed.
Examples of sensors that may be used to detect the gas
parameter(s) may include an oxygen sensor for measuring a
concentration of oxygen in the patient’s airway, a flow
sensor for measuring gas flow rate in the patient’s airway, a
capnography sensor for measuring a concentration of CO2
in the patient’s airway, and/or other sensors configured to
obtain information regarding the patient airway and respi-
ratory function. Such sensors may be used alone or in
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combination with other sensors, or sensor types, for the
medical system to provide context-sensitive prompting or
information for the rescuer.

[0096] In certain embodiments, physiological parameters
may also be measured and used as input for the airway
management system as intubation parameters to determine
which steps in the RSI procedure or other intubation pro-
cedure are being performed. Examples of such physiological
sensors include a pulse oximeter to measure oxygen satu-
ration (SpO2) and a capnography sensor to measure expi-
ratory CO2, typically presented as a waveform of expiratory
CO2 vs. time (ETCO2). Other examples of physiological
sensors that may be used in accordance with embodiments
of the present disclosure include ECG sensors for obtaining
ECG signals from the patient, a microphone for obtaining
acoustic information from the patient, impedance sensors for
obtaining a transthoracic impedance of the patient (e.g.,
ECG sensors and/or electrodes for administering electrical
therapy may be used for obtaining transthoracic impedance
or images based on impedance), and noninvasive blood
pressure sensors for obtaining blood pressure of the patient.
The amplitude, rate, trend, and shape of the waveform will
change based on changes in the patient’s condition.

[0097] In various embodiments of the present disclosure,
positioning parameters may be used as intubation param-
eters in a patient monitoring device or other airway man-
agement system to help a rescuer properly navigate through
the RSI procedure, or another intubation procedure. The
positioning parameter(s) may provide information having to
do with the relative positions of the patient, rescuer, and/or
equipment used in the procedure, Various positioning
parameters may include, for example, motion information,
displacement, position information, velocity, acceleration,
video information, and image information. Image informa-
tion may be captured, for example, by a camera located on
or near a patient monitoring device, or a laryngoscope used
in conjunction with the RSI procedure where the video
thereof is presented on the patient monitoring device or
other display of the airway management system.

[0098] Abenefit of the automated detection of which steps
in the procedure are being performed alleviates rescuers
from having to manually adjust display settings during the
procedure or otherwise be distracted from the task at hand in
treating the patient. Accordingly, embodiments of the pres-
ent disclosure are useful to increase the likelihood that the
rescuers’ focus remains on treating the patient throughout
the procedure while also helping the rescuers’ carry out each
of the necessary steps. In some cases, the airway manage-
ment system prioritizes certain intubation parameters to be
displayed or otherwise communicated to the rescuer(s) so
that the most relevant information is readily accessible.
[0099] Thus, for example, when the patient is being manu-
ally ventilated during preoxygenation, an oxygen sensor for
detecting the concentration of oxygen in the patient’s airway
as a gas parameter may be used to detect that oxygen is being
administered to the patient. This oxygen detection (e.g.,
confirmed by exceeding a preset threshold) may act as a
trigger for the airway management system to determine that
preoxygenation is occurring. During preoxygenation, a
patient monitoring device of the airway management system
may display a trend of the patient’s oxygen saturation (e.g,,
recorded via pulse oximetry, near infrared spectroscopy, or
another suitable method) or oxygen reserve indicator or
index (discussed further below). If appropriately preoxygen-
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ated, the patient’s oxygen saturation levels may be at or near
100%. Then, during tube placement when manual ventila-
tion is halted for the time being, the oxvgen saturation
waveform is likely to change shape over time. For example,
during tube placement, as the body takes up oxygen from the
oxygen reservoir in the lungs, oxygen saturation will gradu-
ally decrease to the point of more substantial desaturation.
Further, during intubation placement. certain intubation gas
parameters (e.g., air flow and/or CO2 as detected by the
airway and/or CO2 sensor(s)) may no longer be present or
detectable. The lack of other physiological parameters (e.g.,
ETCO2 or CO2 waveform as estimated from data collected
from a capnography sensor) may also be indicative intuba-
tion parameters. Also, other physiological parameters, such
as lung sounds (as detected by a microphone or acoustic
sensor positioned on the patient) and chest rise based on
impedance detection (from electrode sensors placed on the
patient) will also no longer be present. This change in
waveform can be used, along with other information dis-
cussed in the specification below, to determine when a next
step has started.

[0100] In response to that detected new step, as discussed
herein, the airway management system changes which intu-
bation parameters are displayed on the patient monitoring
device to the rescuers. This ensures the rescuers are pre-
sented with the most relevant information at each point
during the entire case to carry out an effective procedure,
without requiring rescuers from having to manually adjust
display settings during the procedure, and helps to ensure
that the rescuers’ focus remains on treating the patient
throughout the procedure.

[0101] Additionally, the patient monitoring device of the
airway management system may be further configured to
automatically verify that the tube placement procedure was
successful and/or continue to verify that proper tube place-
ment is maintained. One common mode of failure during
intubation occurs when the rescuer inserts the endotracheal
tube into the patient’s esophagus (i.e., the pathway to the
stomach). Compounding that mistake, rescuers may then fail
to continue monitoring of the patient (e.g., inspecting the
CO2 waveform) to verify whether the tube was placed
correctly and is appropriately delivering oxygen to the
patient and ensure that the intubation tube does not become
dislodged after placement. One benefit of the present dis-
closure is that the system not only analyzes intubation
parameters to determine when steps are being performed,
but the system also verifies that the measured signals are
consistent with successful tube placement (on initial place-
ment and also to confirm that the tube remains properly
placed during post-intubation monitoring) and that the
patient is able to remain hemodynamically stable during and
after the procedure. After the tube is placed and the patient
is being monitored, the system may continue to verify that
the tube is properly placed. For example, the system may
employ a flow sensor to detect airflow in the patient airway
(e.g., airflow from the ventilation apparatus such as bag-
valve mask, ventilator, etc.) and then initiate a timer to
receive physiological information that confirms that the
ventilation airflow has reached the patient’s lungs (as
opposed to the esophagus) within the specified time interval.
Such physiological information may be obtained, for
example, from a capnography (CO2) sensor, impedance
detection via electrode pads, an acoustic sensor that is able
to detect the sound of air entering the patient’s lungs, and/or
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another appropriate manner. In the event they are not,
context-sensitive alarms alert the user and provide a priori-
tized list of clinical actions required to safely manage the
patient.

[0102] In various embodiments of the present disclosure,
one or more components of the airway management system
may include one or more airway sensors for measuring data
indicative of gas parameters characteristic of gas flowing or
otherwise present in the patient airway. As discussed, signals
measured by the airway sensor(s) during both inspiration
and expiration may include one or more of the following gas
parameters: oxygen (0O2) concentration, carbon dioxide
(CO2) concentration, gas flow rate, inspiratory flow rate,
expiratory flow rate, tidal volume, minute volume, airway
pressure, gas temperature, gas humidity, etc. The one or
more airway sensors may be coupled to a patient monitoring
device such that, while the patient is being monitored, the
data from the sensors is continuously communicated to the
patient monitoring device. The patient monitoring device
comprises one or more processors configured to continu-
ously receive the data indicative of gas parameters and
process the data to generate values. In certain embodiments,
in addition to the sensor(s) and processor(s) for measuring
gas parameters, processing resources (e.g., in the, patient
monitoring device, sensor(s) themselves, or other medical
device) are able to calculate additional measurement param-
eters that may include: breath volume, breathing rate, O2
consumption, CO2 elimination rate, respiratory quotient,
airway leak and other calculated values. In addition, the
airway management system (e.g., one or more processors
incorporated in a patient monitoring device) are configured
to perform detailed signal waveform analysis to identify
clinically significant patterns indicative of physiologic or
airway gas measurement conditions and/or system/sensor
faults that require user attention or intervention.

[0103] In certain embodiments, one or more airway sen-
sors may be incorporated in a more integrated airway sensor
module provided with the manual ventilation device (e.g.,
bag-valve mask). One benefit of such an arrangement is that
rescuers may fail to place, e.g., the CO2 sensor (capnogra-
phy sensor) or are delayed in placing it. By having certain
sensors integrated into a single manual ventilation device
(e.g., bag-valve mask) that engages with the patient, the
airway management system will monitor multiple intubation
parameters such as CO2, O2, and flow rates and pressure
anytime a ventilation bag is used. However, it should be
understood that various sensors may be positioned at dif-
ferent locations on or near the patient. For example, an
oxXygen sensor, a capnography sensor and/or a flow sensor
may be placed in the patient airway or at side stream
locations of the patient airway for obtaining information to
estimate relevant gas parameters characteristic of the patient
airway.

[0104] Medical System Overview

[0105] FIG. 1A is a schematic illustration of an example of
an airway management system 100, including a medical
device 202 (e.g., patient monitoring device such as an
automated external defibrillator or professional style moni-
tor/defibrillator), electrode assembly 110, and rescuers 104,
106 providing medical treatment to a patient 102 prior to
intubation. While several embodiments presented herein
describe the medical device 202 as implementing the pro-
cessor(s) for analyzing data from the sensor(s), determining
next steps in the RSI procedure, and providing output via a
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user interface, it can be appreciated that other portable
computing devices such as a tablet or other computing
device may perform steps in accordance with the present
disclosure. Additionally, the portable computing devices
may be used in conjunction with medical device 202.
[0106] In this example, rescuers 104, 106 are in position
and providing care to the patient 102, with rescuer 104
providing chest compressions to the torso of the patient 102,
and rescuer 106 providing ventilation using ventilation bag
112, which is connected to a ventilation valve 113 and a
mask 115. Collectively, these components (112, 113, 115)
are often referred to as a bag-valve-mask or (BVM). While
not illustrated, the BVM is often connected to a source of
“medical oxygen,” which is used as an oxygen supply to the
bag 112, so that oxygen can be delivered during ventilation.
[0107] Generally, the rescuers 104, 106 may be lay-res-
cuers who were near the patient 102 when the patient
required care, or may be trained medical personnel such as
doctors, firefighters, paramedics, combat medics, or emet-
gency medical technicians, for example. Although two res-
cuers 104, 106 are illustrated, in alternative embodiments
additional rescuers (not shown) may also be involved in
treating the patient or only one rescuer may provide treat-
ment. As used hereinafter, the term rescuer may generally be
understood to include a person that is aiding in acute care
treatment of the patient 102 during an emergency medical
situation, and may be actively engaged in resuscitation
activity of the patient, such as in providing cardiopulmonary
resuscitation. Additionally, similar terms such as clinician,
user, or caregiver are generally understood to be inter-
changeable when used herein to describe a person giving
acute medical and/or resuscitative aid to the patient.
[0108] Additionally, while the present system is described
with respect to a BVM and manual ventilations, a portable
automatic ventilator could be used to provide oxygen and
ventilate the patient. The EMV+® or Z Vent™, both manu-
factured by ZOLL Medical Corporation of Chelmsford,
Mass. are examples of portable ventilators. Likewise, the
rescue scenario may occur in a hospital or ambulance where
an automatic ventilator may also be available (e.g., ZOLL
731 Ventilators provided by ZOLL® Medical Corporation).
[0109] Control and coordination for the medical event is
typically controlled by the medical device 202. In a typical
implementation, the medical device 202 is a defibrillator,
automated external defibrillator (AED), ventilator system, or
medical patient monitor, to list a few examples. Alterna-
tively, the medical device 202 could even be mobile com-
puting device such as a tablet-based computer, smartphone,
or wearable computing and interface device (e.g., smart
watch or head mounted optical display) that is controlled by
the rescuers 104, 106, for example, in coordinating resus-
citation activities, evaluating or otherwise communicating
with on-site and/or remote medical personnel, or otherwise
providing information useful for the rescuer(s) in treating
the patient.

[0110] The medical device 202 is connected to an elec-
trode assembly 110 via a wired connection 119 from the
medical device to the electrode assembly 110. In this imple-
mentation, the medical device (e.g., defibrillator, or patient
monitor) may take a generally common form, and may be a
professional style defibrillator which may also function as a
medical monitor, such as the R-SERIES®, X-SERIES®,
M-SERIES®, or E-SERIES® provided by ZOLL® Medical
Corporation of Chelmsford, Mass., a ventilator (e.g., por-
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table ventilator), such as the 731 Ventilator provided by
ZOLL Medical Corporation, or an automated external defi-
brillator (AED), such as the AED PLUS®, or AED PRO®
provided by ZOLL Medical Corporation.

[0111] In addition, the medical device 202 could take the
form of an integrated system of devices (defibrillator, vital
signs monitor, ventilator, or mechanical CPR chest com-
pression device, for example) with either a composite,
single-system embodiment or one that uses a series of
discrete devices that are dynamically integrated through
wired and/or wireless communication to function as a single
integrated system.

[0112] This optionally wired connection 119 enables data
from sensors in the electrode assembly to transmit informa-
tion to the medical device 202, and the wired connection 119
also allows energy to be sent from the medical device 202
to the electrode assembly 110, in scenarios in which the
medical device is a defibrillator or automated external
defibrillator. In alternative embodiments, for example, in
scenarios in which the medical device is a tablet or monitor,
the wired connection may be replaced with a wireless
connection. While not expressly shown in the figures, the
BVM component(s) as well as other treatment and/or sens-
ing devices (e.g., oxygen saturation sensors, accelerometers,
air flow sensors) may also be communicatively coupled with
the medical device 202. For example, in embodiments where
the BVM incorporates sensors (e.g., 0Xygen sensor, capnog-
raphy, flow sensor, air flow module), such sensors may be in
communication with the more central medical device 202.
As noted herein, sensors for obtaining data relevant to gas
parameters characteristic of the patient airway may be
provided as separate components, or may be integrated
together into a single component.

[0113] The electrode assembly 110 is shown on the patient
102 in a typical position. The electrode assembly 110, in this
example, is an assembly that combines an electrode posi-
tioned high on the right side of the patient’s torso, a separate
electrode positioned low on the left side of the patient’s
torso, and a sensor package located over the patient’s
sternum. The electrode assembly 110 may further include a
sensor package, which, in this example, is obscured in the
figure by the hands of rescuer 104. This sensor package may
include a motion sensor (e.g., accelerometer(s), velocity
sensor, distance sensor) or similar sensor package that may
be used in cooperation with a computer in the medical
device 202 to monitor performance (e.g., compression
depth, compression rate, and release) of the chest compres-
sions, patient movement or positioning. Additionally, a
microphone may also be included with, or separately from,
the electrode assembly 110 to obtain auscultation data (e.g,,
acoustic signals) of internal sounds of the patient 102. The
microphone may be used to obtain signals related to heart
sounds, breathing sounds or gastric sounds, for example.
[0114] In the illustrated example, the medical device 202
communicates wirelessly with the wrist-worn devices 120,
122 to present information and/or guidance to the rescuers
104, 106. For example, information related to chest com-
pressions, heart rate, or other relevant information (e.g.,
Sp02, ETCO2) related to the intubation process can be
visually presented on the displays 121, 123. Additionally,
vibration components and/or audible sound generators on
the wrist-worn devices 120, 122 can provide feedback. Such
feedback, as discussed more fully below, may include infor-
mation about physical status of the patient 102, guidance and
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feedback related to ventilation or cardio pulmonary resus-
citations of the patient 102, and/or specific context-sensitive
or prioritized instructions to perform critical interventions/
tasks to ensure patient safety or optimal therapeutic man-
agement. Haptic and audible feedback may have the added
benefit of providing a notification to the rescuer while not
requiring the rescuer to divert his/her attention from the task
at hand. This is as opposed to a visual display, which would
typically require the rescuer to turn his’her head to view
whatever is presented on the visual display.

[0115] The wrist-worn devices 120, 122 can be smart
watches (e.g., computerized wristwatches with functionality
enhanced beyond timekeeping) or other wrist worn wearable
technology, such as fitness trackers. Such a smart watch can
effectively be a wearable computer. The smart watch can
include a data processor, memory, input and output. The
wrist-worn devices 120, 122 may be equipped to collect
information gathered from internal sensors (e.g., an accel-
erometer, hear rate monitor, pulse oximetry sensor, or colo-
rimeter, to list a few examples), via direct communication
therewith or through a separate medium (e.g., defibrillator,
monitor, external computer). The smartwatches may also be
able to control or retrieve data from each other, other
instruments or portable computing devices 225 (shown in
FIG. 2), or the medical device 202. Typically, the smart-
watch can support wireless technologies, like Bluetooth,
3G/4G cellular network, and/or Wi-Fi, to communicate with
the medical device 202 or the other computing device. In
other examples, the smartwatch may just serve as a front end
for a remote system and be configured to display informa-
tion generated by the medical device 202. The displays 121,
123 in the wrist-worn devices 120, 122 can be made of
Indium gallium zinc oxide (IGZ0), a semiconducting mate-
rial. IGZO thin-film transistors (TFT) can be used in the TFT
backplane of flat-panel displays (FPDs). Because the IGZO
display is flexible, a greater amount of information can be
displayed on the wrist-worn devices 120, 122 due to the
increased surface area of the display. Additionally, the
display of the wrist-worn devices may be touchscreen dis-
plays, which enables user control, selections, and input via
interaction with the display. Alternative embodiments may
use other display technology, such as flexible organic light
emitting diodes (flexible OLED).

[0116] In still yet another embodiment, the rescuers may
use head-mounted heads-up display systems (not shown).
The benefit of wearable heads-up devices is that they allow
focus to remain on the patient 102 while at the same time
providing a continuous interface to relevant data.

[0117] FIG. 1B is a schematic illustration of an example of
the airway management system 100, including the medical
device 202, electrodes, and endotracheal tube 129 post
intubation. That is, during post-intubation, the ET tube has
been placed in the trachea of the patient and the patient is
being physiologically monitored while ventilations are
administered (e.g., by a BVM or ventilator).

[0118] In general, a tracheal tube is a catheter that is
inserted into the trachea of patient 102 to establish and
maintain an open airway and to ensure adequate exchange of
oxygen and carbon dioxide. An endotracheal tube, such as
the endotracheal tube 129, is a specific type of tracheal tube
that is usually inserted through the patient’s mouth or nose.
Many airway tubes such as an endotracheal tube 129 may be
used with embodiments of the present device to provide a
patent airway for ventilation and monitoring.
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[0119] The ventilation bag 112 is coupled to the ventila-
tion valve 113. As shown in this example, the mask is no
longer required once the endotracheal tube is inserted into
the patient. In accordance with embodiments of the present
disclosure, one or more airway sensors 127 (e.g., may
include one or more of oxygen sensor, capnography sensor,
flow sensor, etc.) may be situated between the ventilation
bag 112 and the endotracheal tube 129 to allow monitoring
of the inspiratory and expiratory gas, for example, as a result
of manual ventilation performed using the ventilation bag
112, and/or monitoring of patient breathing. As is typical, the
ventilation bag 112 and valve 113 allow the rescuer to
actively ventilate the patient 102 by squeezing the bag or for
the patient to spontaneously breathe, while in both instances
the patient’s exhaled gas exits back through the valve
allowing for bidirectional monitoring. Alternatively, the
ventilation bag 112, may be augmented to provide supple-
mental O2 from a separate O2 source (e.g., oxygen tank).
[0120] In the illustrated embodiment, the airway sensor(s)
127 includes one or more sensors to measure various physi-
ologic and/or airway gas measurement signals during both
inspiration and expiration that includes: oxygen (02), car-
bon dioxide (CO2), gas flow rate and volume, airway
pressure, gas temperature, and gas humidity, to list a few
examples. Additionally, processing resources in either the
airway sensor(s) 127 or medical device 202 are able to
calculate additional physiologic and/or airway gas measure-
ment parameters such as breath volume, breathing rate, 02
consumption, CO2 elimination rate, respiratory quotient,
airway leak and other calculated values, for instance.
[0121] Communication cable 117 may be any type of
communication cable or set of wires, which allows data
exchange between the medical device 202 and the airway
sensor(s) 127 such as but not limited 1o an RS-232 cable,
Universal Serial Bus (USB) cable or Ethernet cable. Com-
munication between the medical device 202 and the airway
sensor(s) 127 could also be wireless communication such as
IEEE 802.11 wireless local area network (WLAN) or low-
power radio frequency (RF) communication such as Blu-
etooth, to list a few examples.

[0122] Electrodes 1254 and 1256 are electrically coupled
to the medical device 202 using cables 121a and 12154.
Electrodes 125a and 1255 are positioned across the subject’s
thoracic cavity and attached to the subject, one electrode
anterior and the other electrode posterior to the patient, for
example. In the embodiment, electrodes 1254 and 1255 are
capable of measuring an electrocardiogram (ECG) signal
from the patient. The electrodes 1254 and 1256 may also be
suitable electrodes for measuring a transthoracic impedance
of a subject. In some embodiments, the electrodes 1254,
1255 may be high-voltage electrodes capable of transmitting
electrotherapy to the patient, such as for electrical defibril-
lation and/or cardiac pacing treatment.

[0123] The medical device 202 is configured with elec-
trodes 125a and 1255 that are capable of providing thera-
peutic shocks, if needed, as well as to monitor changes in the
transthoracic impedance of the patient 102. If the endotra-
cheal tube 129 is properly placed in the subject’s trachea and
the subject’s lungs are ventilated using a ventilation bag 112
and valve 113 (or via a mechanical ventilator), then the
medical device 202 detects a change in impedance across the
subject’s thorax between electrodes 125a and 1255. If the
endotracheal tube 129 is not properly placed; for example,
it was placed in the subject’s esophagus, or has become
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dislodged, the medical device 202 will detect that the
impedance change across the subject’s thorax does not
indicate that effective ventilation is being administered, and
may alert the user with a context-sensitive alarm message
using audible and/or visual alarm indicators on the medical
device 202. Altematively, or in addition, a capnography
sensor is provided in the patient airway (e.g., mainstream or
sidestream). In this embodiment, if the endotracheal tube
129 is properly placed in the subject’s trachea, then the
medical device 202 detects CO2 (e.g., end tidal CO2 or
ETCO?2) indicative of proper tube placement; and if the
endotracheal tube 129 is not properly placed or has become
dislodged, the medical device 202 will fail to detect CO2
waveform indicative of proper intubation, and may alert the
user with a context-sensitive alarm message using audible
and/or visual alarm indicators on the medical device 202.
The medical device 202 may be in communication with
other devices, such as wrist-worn devices 120, 121, heads up
display devices, for example, for alerting the necessary
caregiver(s).

[0124] FIG. 2 is a block diagram of the airway manage-
ment system 200, including the medical device 202, airway
sensor(s) 127, device sensors 210-222, which measure intu-
bation parameters, peripherals (e.g., ventilator 223 and por-
table computing device 225), and a central facility 224. The
medical device 202 typically includes a processor 204 for
executing instructions of software running on the medical
device 202, memory 209 to store the software and sensor
information received from the sensors, a signal acquisition
unit 208 to receive sensor information from the sensors
210-222, and an output device 206 to provide feedback to
the rescuers, which is typically a display. The output device
206 may further include one or more speakers for providing
audible feedback, or other components for providing other
types of feedback, such as haptic/tactile. Generally, a suit-
able display can be made from a wide variety of materials as
described above. Additionally, the screen may be touch-
screen display, which is a combined input/output device,
which enables user interaction of the medical device 202 by
touching the output device 206.

[0125] Additionally or alternatively, the airway manage-
ment system 200 may further include a portable computing
device 225 (e.g., tablet, smartphone, laptop computer) in
communication with the medical device 202. In one
example, the portable computing device 225 may mirror the
display of the medical device 202, or may provide a sec-
ondary display of information relevant to the user of the
portable computing device 225. For instance, in certain
situations, the activities of different users at the emergency
scene may differ, hence, it may be preferable for each of the
displays (e.g., on the medical device, on the portable com-
puting device, on another device, etc.) to differ according to
the job performed by the associated user. Additionally, the
portable computing device 225 may include general infor-
mation (e.g., dosage charts), medical procedure checklists,
and/or other protocols that are typically used during an
intubation procedure. Additionally, it may include additional
checklists and/or protocols for other medical situations (e.g.,
instructions on the performance of CPR, or instructions on
how to assemble the BVM, how to hook the patient up the
ventilator, etc.) . . . Additionally, the portable computing
device would provide a quality assurance report that
includes: a list of completed and uncompleted tasks, the time
tasks where completed, the required time for each tasks,
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event markers, alarms that occurred, relevant physiologic
data as well as other data that demonstrates the performance
of the procedure.

[0126] Additionally, the portable computing device 225
may include the ability to allow the user to enter patient
information (e.g., height, weight, and gender) via a touch-
screen display. The portable computing device may also
include internet connectivity (e.g., via Wi-Fi or 3G/4G
wireless mobile telecommunication networks) to enable the
rescuer to access additional patient information from the
central facility, for example.

[0127] Respiratory gas monitoring provides a noninvasive
method to monitor a range of physiologic or airway gas
measurement data that indicates the pattern of ventilation, its
effectiveness, the patient’s metabolic state, endotracheal
tube placement and cardiopulmonary functioning. The pres-
ent system embodies a multifunction sensor module; how-
ever, the medical device 202 is also capable of providing the
performance using a series of individual sensor modules to
measure O2 and CO2 gas concentrations, gas flow and
airway pressure.

[0128] An oxygen sensor 210 typically measures the
amount of oxygen present in the flow of gas through the
patient’s airway may be used to measure gas parameters in
accordance with the present disclosure. The oxygen sensor
may be equipped to measure the proportion of oxygen in the
gas being analyzed. An example of an oxygen sensor that
may be incorporated as an airway sensor is the Fibox 4 trace
provided by PreSens Precision Sensing from Regensburg,
Germany. According, when the oxygen sensor is placed in
the patient airwa