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(57) ABSTRACT

A resuscitator has a patient airway interface device, a bag, a
flow passage coupled between the bag and patient airway
interface device, and a sensor assembly. The patient airway
interface device may be a mask or an endotracheal tube. The
sensor assembly has a display, at least one sensor coupled to
the flow passage and configured to provide a measurement of
at least one parameter, and a processor coupled to the display
and the at least one sensor. The processor is configured to
receive the measurement from the sensor and provide infor-
mation on the display based on the received measurement.
The information may include a current breath rate, a pressure-
vs-time curve, and guidance to the user to assist in achieving
a target breath rate.
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RESUSCITATION DEVICE WITH ONBOARD

PROCESSOR
CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] Not applicable.
BACKGROUND
[0002] 1.Field
[0003] The present disclosure generally relates to manual

resuscitation devices and, in particular, a resuscitator that
incorporates electronic sensing and processing.

[0004] 2. Description of the Related Art

[0005] A resuscitator, sometimes referred to as a bag valve
mask (BVM) or by the proprietary name “Ambu bag,” is a
hand-held device used to provide positive pressure ventila-
tion to a patient who is not breathing or who is breathing
inadequately. The resuscitator is a normal part of a “crash
cart” used within a hospital or a resuscitation kit provided to
ambulance crew. A resuscitator may also be used in an opet-
ating room to ventilate an anaesthetized patient prior to
attachment of a mechanical ventilator. A resuscitator may be
self-filling with air or provided with a source of breathing gas,
such as oxygen, to increase the oxygenation of the patient.
[0006] FIG.1 depicts a conventional resuscitator 10 that is
connected to a line 20 that provides oxygen or other breathing
gas. A bag 14 is connected to a mask 12 by a flow channel 16
that also has a valve assembly 18 that prevents backflow into
the bag 14 and diverts exhaled gas to the atmosphere. An
accumulator bag 22 is connected at the junction of the bag 14
and line 20 to accumulate a reservoir of oxygen such that the
self-expansion of the bag 14 is not limited by the flow rate of
line 20.

[0007] When using a resuscitator, there is a risk of over-
inflating the lungs. This can lead to pressure damage to the
lungs themselves and can also cause air to enter the stomach,
causing gastric distension which can make it more difficult to
inflate the lungs. Over-inflation may also cause the patient to
vomit, which can cause additional airway problems beyond
the original breathing difficulty.

[0008] FIG. 2 depicts another conventional resuscitator 30
having a mechanical pressure gauge 32 connected to the flow
channel 16. The gauge 32 is marked with a green zone to
indicate the desirable range of inflation pressure as well as
yellow and red zones to indicate zones of excess inflation
pressures. These types of mechanical gauges have limited
resolution and reading such a gauge can be a challenge for
caregivers as the gauge provides only an instantaneous read-
ing and the caregiver cannot pay constant attention to the
gauge as they may be performing other actions, for example
striving to maintain a proper seal of the mask to the patient’s
face and monitoring other symptoms and aspects of the
patient’s condition.

SUMMARY

[0009] The resuscitator disclosed herein provides auto-
matic monitoring of various aspects of the operation of the
resuscitator as well as the patient’s breathing and exhaled
breath. The information gathered by the resuscitator can be
provided in real-time to the caregiver to aid in their resusci-
tation efforts or stored for later review and analysis.

[0010] In certain embodiments, a resuscitator is disclosed
that includes a patient airway interface device, a bag, a flow
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passage coupled between the bag and patient airway interface
device, and a sensor assembly. The sensor assembly may have
a display, at least one sensor coupled to the flow passage and
configured to provide a measurement of at least one param-
eter, and a processor coupled to the display and the at least one
sensor. The processor may be configured to receive the mea-
surement from the at least one sensor and provide information
on the display based on the received measurement.

[0011] In certain embodiments, a resuscitator is disclosed
that includes a patient airway interface device, a bag, a flow
passage coupled between the bag and patient airway interface
device, and a sensor assembly having an indicator, at least one
sensor coupled to the flow passage and configured to provide
a measurement of at least one parameter, and a processor
coupled to the indicator and the at least one sensor. The
processor is configured to receive the measurement from the
at least one sensor and actuate the indicator based on the
received measurement.

[0012] In certain embodiments, a method is disclosed that
includes the steps of measuring at least one of a flow rate, a
pressure, a temperature, a pH, and a chemical marker in the
exhaled breath of a patient; and actuating an indicator so as to
provide information related to at least one of a breath rate, a
tidal volume, a pressure-vs-time curve, a presence of a chemi-
cal in the patient’s breath, or a condition of the patient.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The accompanying drawings, which are included to
provide further understanding and are incorporated in and
constitute a part of this specification, illustrate disclosed
embodiments and together with the description serve to
explain the principles of the disclosed embodiments. In the
drawings:

[0014] FIG. 1 depicts a conventional resuscitator.

[0015] FIG. 2 depicts a conventional resuscitator having a
mechanical pressure gauge.

[0016] FIG. 3is aschematic representation of an exemplary
resuscitator according to certain aspects of the present disclo-
sure.

[0017] FIG. 4 is a block diagram of the example sensor
module that is part of the resuscitator of FIG. 3 according to
certain aspects of the present disclosure.

[0018] FIG. 51is a block diagram of the example processor
thatis part of the sensor module of FIG. 4 according to certain
aspects of the present disclosure.

[0019] FIGS. 6A-6B are cross-sections of an exemplary
flow sensor according to certain aspects of the present disclo-
sure.

[0020] FIG. 6C depicts another embodiment of the flow
sensor according to certain aspects of the present disclosure.
[0021] FIG. 7A is an exploded view of an exemplary pres-
sure sensor 280 according to certain aspects of the present
disclosure.

[0022] FIGS. 7B-7C are cross-sections of the assembled
pressure sensor 280 of FIG. 7A according to certain aspects of
the present disclosure.

[0023] FIG. 8 is an exemplary display of information pro-
vided by the processor according to certain aspects of the
present disclosure.

DETAILED DESCRIPTION

[0024] The resuscitator disclosed herein provides auto-
matic monitoring of various aspects of the operation of the
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resuscitator as well as the patient’s breathing and exhaled
breath. The information gathered by the resuscitator can be
provided in real-time to the caregiver to aid in their resusci-
tation efforts or stored for later review and analysis.

[0025] In general, the disclosed resuscitator may include
sensors that continuously or intermittently measure the pres-
sure within the patient airway interface device and, during an
exhalation by the patient, may measure one or more of chemi-
cal markers or particular chemicals, temperature, or pH. The
resuscitator may also provide guidance to the caregiver such
as a metronome of the optimal rate of inhalations, visual or
audible alarms, and verbal communication.

[0026] This disclosure describes embodiments that include
a mask intended to be placed over a patient’s nose and/or
mouth so as to form a sealed connection to the patient’s
airway. It should be understood that other types of patient
airway interfaces may be used in place of the mask, for
example an endotracheal tube, without departing from the
scope of this disclosure. In general, the term “mask” includes
all types of patient airway interface devices.

[0027] Inthe following detailed description, numerous spe-
cific details are set forth to provide a full understanding of the
present disclosure. It will be apparent, however, to one ordi-
narily skilled in the art that embodiments of the present dis-
closure may be practiced without some of the specific details.
In other instances, well-known structures and techniques
have not been shown in detail so as not to obscure the disclo-
sure. In the referenced drawings, like numbered elements are
the same or essentially similar. Reference numbers may have
letter suffixes appended to indicate separate instances of a
common element while being referred to generically by the
same number without a suffix letter.

[0028] FIG. 1 depicts a conventional resuscitator 10. A
flexible mask 12 is configured to be placed over a patient’s
mouth and nose. The bag 14 is connected to the mask 12 by a
flow channel 16. A valve assembly 18 is attached to the flow
channel 16 and includes a valve (not visible in FIG. 1) that
prevents an exhaled breath from entering the bag 14 and
diverts the exhaled breath out a port to the ambient atmo-
sphere. This resuscitator 10 may be attached to a line 20 that
provides oxygen, or other breathing gas, with an accumulator
bag 22 connected at the junction of the bag 14 and line 20 to
accumulate a reservoir of oxygen such that the self-expansion
of the bag 14 is not limited by the flow rate of line 20.
[0029] FIG. 2 depicts another conventional resuscitator 30
having a mechanical pressure gauge 32 connected to the flow
channel 16. The gauge 32 is marked with a green zone 32A to
indicate the desirable range of inflation pressure as well as a
vellow zone 32B and a red zone 32C to indicate zones of
excess inflation pressures. As the gauge 32 provides only an
instantaneous reading, there is no information regarding the
history of the pressure being provided during the inhalation
intervals or an average pressure. In addition, the mechanical
inertia of the gauge 32 may delay or dampen the displayed
value compared to the true instantaneous pressure in the flow
channel 16.

[0030] FIG.3isaschematic representation of an exemplary
resuscitator 100 according to certain aspects of the present
disclosure. The resuscitator 100 includes abag 110 connected
to a mask 112 through a flow passage 114. In certain embodi-
ments, the bag 110 is manually squeezed to force air or other
breathing gas into the patient’s lungs, after which the bag 110
self-expands to draw in new air or gas. A valve assembly 116,
containing a shutter valve (not visible in FIG. 3) or equivalent,
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is attached to the flow passage 114 to divert exhaled gas to the
atmosphere. A sensor module 120 that includes a display 132
is coupled, in this example, to the flow passage 114 between
the mask 112 and the valve assembly 116. In certain embodi-
ments, the sensor assembly 120 is operatively coupled to the
valve assembly 116. The sensor assembly 120 is discussed in
greater detail with respect to FIG. 4. In certain embodiments,
the mask 112 may be replaced by other types of breathing
interface devices, for example an endotracheal tube or laryn-
geal mask airway (not shown in FIG. 3). In certain embodi-
ments, the bag 110 draws in a breathing gas, for example
oxygen, through an attached line 118. In certain embodi-
ments, a reservoir (not shown in FIG. 3) may be attached
proximate to the junction of the line 118 and bag 110 to
provide a large volume of the breathing gas such that the
self-expansion of the bag 110 is not limited by the flow rate of
line 118.

[0031] FIG. 4 is a block diagram of the example sensor
module 120 that is part of the resuscitator 100 of FIG. 3
according to certain aspects of the present disclosure. The
sensor module 120 may include one or more of a processor
122, a timer 124, a pressure sensor 126, a chemical sensor
128, a communication (comm) module 130, a display 132, an
alarm 134, a temperature sensor 136, and a pH sensor 138 that
are interconnected by a network 142. Other elements com-
mon to electronic equipment, for example batteries or power
supplies, touch screen interfaces, buttons, switches, and con-
nectors, that are known to those of skill in the art are omitted
so as not to obscure the disclosed features. The processor 122
is discussed in greater detail with respect to FIG. 5. The flow
sensor 200 is discussed in greater detail with respect to FIG.
6.

[0032] The pressure sensor 126 may be any device or
mechanism configured to measure a gas pressure as are
known to those of skill in the art. The pressure sensor 126, as
well as one or more of the other sensors 128, 136, 138, and
200, may include resistive, capacitive, piezoelectric, or solid
state electronic devices with or without embedded signal-
conditioning circuitry. In certain embodiments, the pressure
sensor 126, or other sensor, may be configured to detect an
initial manual compression of the resuscitator bag 110 and
trigger certain functions, for example turning on the display
132 and powering up other elements of the sensor module
120. In certain embodiments, the pressure sensor 126 or other
sensor may be configured to detect inactivity over a deter-
mined period of time and trigger other functions, for example
turning off the display 132 and placing the CPU in a low-
power state to conserve power.

[0033] The chemical sensor 128 may include one or more
sensors that may be configured to detect in the patient’s
exhaled breath the presence or amount of certain chemical
markers associated with certain physical attributes. In certain
embodiments, the chemical sensor 128 may detect or measure
markers associated with a level of alcohol or a drug in the
patient’s blood. In certain embodiments, the chemical sensor
128 may detect or measure a peroxide level in the patient’s
breath that may be associated with asthma. In certain embodi-
ments, the chemical sensor 128 may measure one or more
partial pressures of certain gases, for example carbon dioxide,
in the patient’s exhaled breath.

[0034] Thecomm module 130 may include a wireless com-
munication system, for example using Bluetooth® (IEEE
802.15.1) or Wi-Fi (IEEE 802.11) elements and protocols,
that allows the sensor module 120 to communicate with exter-
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nal equipment. In certain embodiments, the comm module
130 may include a port for connection of a communication
cable, for example a CATS cable, to enable communication
with external equipment. In certain embodiments, the comm
module 130 may include a port for a removable media, for
example a USB port to connect to a “thumb drive,” or a drive
configured to read and/or write to a removable media, for
example a CD or DVD.

[0035] The display 132 may be any audio or visual device
as known to those of skill in the art. In certain embodiments,
the display 132 may include a color or monochrome two-
dimensional visual display that may include one or more of
light emitting diodes (LEDs), liquid crystals, “electronic
paper” such as electrophoretic display technologies, or elec-
troluminescent elements. In certain embodiments, the display
132 may be an audio device (1324 in FIG. 3) such as a
speaker, buzzer, or tone generator. In certain embodiments,
the display 132 may be a visual indicator (1324 in FIG. 3)
such as a single monochrome LED, a group of LEDs of
various colors, an incandescent bulb, or a linear array of
single light-emitting elements.

[0036] The alarm 134 may include visual indicators, for
example lights that may be selectably illuminated, or audible
indicators, for example a speaker, a tone generator, or a
buzzer. In certain embodiments, the alarm 134 may be a
visual element provided on the display 132. In certain
embodiments, a visual or audible signal may be provided
continuously or during non-alarm conditions. For example, a
tone of afirst frequency or combination of frequencies may be
provided when the caregiver is operating the resuscitator
within the desired range of pressure. In certain embodiments,
the visual or audible signal may change, for example to a tone
of a second frequency or combination of frequencies, when
the pressure exceeds the desired range.

[0037] In certain embodiments, the resuscitator 100 may
have a disposable portion, for example the bag 110, flow
passage 114, and mask 112, to which a re-useable portion, for
example the sensor module 120, is attached. In certain
embodiments, the disposable portion may include a sensor,
for example a flow sensor such as shown in FIG. 6, that
functionally connects to the processor 122. In certain embodi-
ments, the entire resuscitator 100 may be disposable.

[0038] FIG. 5is a block diagram of the example processor
122 that is part of the sensor module 120 of FIG. 4 according
to certain aspects ofthe present disclosure. The processor 122
may include one or more of a central processor unit (CPU)
150, a display driver 152, an analog-to-digital converter
(ADC) 154, an alarm driver 156, a comm module 158, a
memory 160, a timer 162, a clock 164, and a peripheral
control interface 166 that are interconnected by an internal
network 168. Various components may be connected directly
to other modules of the sensor module 122, for example the
display driver 152 may be connected directly to the display
132. In certain embodiments, various components may be
connected to other modules of the sensor module 122 through
the internal network 168, comm module 158, and an external
network.

[0039] The memory 160 may include transitory computer-
readable media such as random access memory (RAM) as
well as non-transitory computer-readable media that may
include magnetically encodable media such as hard disks,
solid-state memory (SSD), flash memory data storage devices
such as thumb drives, and read-only memory (ROM). The
memory 160 may be configured to store operational instruc-
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tions that may be retrieved by the CPU 150 to configure the
CPU 150 so as to be able to perform various functions. The
memory 160 may also contain a look-up table comprising
limits or other information that may be used to interpret the
measurements of the various sensors, alone or in combina-
tion. In certain embodiments, the memory may store instruc-
tions and information related to the operation and testing of
the resuscitator, for example battery life, self-test procedures,
errors code, etc. In certain embodiments, the memory 160
may store calibration instructions and information for use in
calibrating elements of the resuscitator 100.

[0040] The peripheral controls interface 166 may be
coupled to external devices within the sensor module 120, for
example a touchscreen, buttons, and switches, to allow a user
to interact with the CPU 150 so as to initiate desired func-
tions. In certain embodiments, the peripheral controls inter-
face 166 may be operatively coupled to the valve assembly
116 so as, for example, to control a restrictor (not shown in
FIG. 3) that maintains a desired minimum pressure within the
mask 112.

[0041] In certain embodiments, the CPU 150 may be con-
figured to receive measurements made by the pressure sensor
126 through the ADC 154. In certain embodiments, the CPU
150 may store a portion of these measurements in the memory
160. In certain embodiments, the CPU 150 may display a
portion of the measurements on the display, for example as a
measurement-vs.-time curve that may be overlaid with zones
of pressure indicating desirable and/or undesirable ranges of
pressure. In certain embodiments, the CPU 150 may receive
measurements from one or more chemical sensors 128 and
analyze the measurements. In certain embodiments, the CPU
150 may provide indications to the caregiver of certain physi-
cal conditions associated with the measurements of the
chemical sensors 128, for example a warning that the patient
has a certain level of an anesthetizing agent in their blood. In
certain embodiments, the CPU 150 may provide other infor-
mation or warnings to the caregiver related to the measured
chemical markers in the exhaled breath as known to those of
skill in the art.

[0042] In certain embodiments, the CPU 150 may provide
real-time guidance to a caregiver using the resuscitator 100 by
providing a visual or audible metronome signal through the
display 132 or alarm 134 at a target rate of inhalation intervals
or cycles. In certain embodiments, the CPU 150 may adjust
the metronome signal to an upper or lower value, within an
acceptable range of rates of inhalation intervals, based on the
rate of inhalation intervals as measured by the pressure sensor
126.

[0043] In certain embodiments, the CPU 150 may provide
real-time guidance to a caregiver using spoken phrases, for
example “current rate is 20 breaths per minute, please slow to
12 breaths per minute,” through a display 132 that comprises
a speaker. In certain embodiments, the CPU 150 may provide
real-time guidance to a caregiver through a display 132 that
comprises a flashing, variably colored light, for example a
light flashing at a target inhalation interval with a color that
indicates whether the resuscitator is currently being actuated
at a rate that is higher than, within, or less than an acceptable
range. In certain embodiments, the current rate being dis-
played may be a time-average of a past number, for example
three, inhalation intervals.

[0044] Incertain embodiments, the CPU 150 may combine
measurements from multiple sensors to calculate other
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parameters related to the patient’s condition or the resuscita-
tion actions, for example a tidal volume or exhalation pres-
sure.

[0045] In certain embodiments, the CPU 150 may store an
entire history of a resuscitation event, for example including
one or more of pressures, partial pressures, and measured
chemical markers, and download this history through the
comm modules 158 and 130 to an external system, for
example a personal computer (PC). This history may enable a
review of the resuscitation event and the actions of the car-
egiver during the event. In the case where a patient does not
survive, this history may provide evidence of factors, such as
asthma, that may have contributed to the patient’s death. If the
resuscitator 100 were used with a manikin or other training
aid, this history may provide the ability to quantitatively
evaluate the performance of the user.

[0046] In certain embodiments, the CPU 150 may be con-
figured to accept new programming instructions, for example
built-in operating system (BIOS) programming and settings,
firmware, or software, or new information, for example a
look-up table of limits and parameters, and store these
instructions and information in memory 160.

[0047] FIGS. 6A-6B are cross-sections of an exemplary
flow sensor 200 according to certain aspects of the present
disclosure. The flow sensor 200 includes a rigid porous plate
202 having a plurality of contacts 206 distributed over the
plate 202. A flexible disk 204 is attached, in certain embodi-
ments, to the middle of plate 202. FIG. 6A depicts the con-
figuration of the sensor 200 in the absence of a flow of gas past
the sensor. All, or at least a majority, of the contacts 206 are in
contact with or otherwise actuated by the flexible disk 204 so
as to provide an indication that the disk is in a first configu-
ration, for example flat against the plate 202.

[0048] FIG. 6B depicts the sensor 200 while a gas flows
past the sensor 200, as indicated by the flow path 250. The
flexible disk 204 deflects as indicated by the arrows 260 to a
second configuration wherein only sensors 206B are in con-
tact with disk 204 while sensors 206 A are not in contact with
the disk 204. The number of contacts 206 A vs. 206B provides
an indication of the amount of deflection of disk 204 and
therefore an indication of the rate of flow of the gas passing
the sensor 200.

[0049] If a sensor 200 is placed in the flow passage 114
between the mask 112 and the valve assembly 116, or in the
exhalation port outside of the valve assembly 116, it may be
possible to measure the exhalation flow rate. In certain
embodiments, the CPU 150 may combine the measurement
from pressure sensor 126 and the measurement from flow
sensor 200 to calculate a tidal volume.

[0050] FIG. 6C depicts another embodiment 201 of the
flow sensor according to certain aspects of the present disclo-
sure. The flow sensor 201 has contacts 207 that are placed on
the surface of a curved structure 203 that is disposed down-
stream of the flexible disk 205, with respect to the direction of
measurement. The disk 205 bends away from the undeformed
position, shown in dashed line, as indicated by the arrows 261
in response to the flow 251. As the disk 205 increasingly
bends, it comes into contact with an increasing number of the
contacts 207. By comparing the number and position of con-
tacts 207B that are in contact with the disk 205 to the number
and location of the contacts 207 A that are not in contact with
the disk 205, the configuration of the disk 205 can be deter-
mined.
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[0051] FIG. 7A is an exploded view of an exemplary pres-
sure sensor 280 according to certain aspects of the present
disclosure. The sensor 280 includes a flexible disk 282 and a
wall 284 that, in this embodiment, is circular. In this embodi-
ment, the wall 84 is formed on a substrate 296 with a series of
conductive rings 286 formed on the substrate 296 within the
wall 284. The disk 282 has, in this embodiment, a series of
radial conductive strips 290, 292 formed on the underside (the
disk 282 is shown as transparent in FIG. 7A to make the strips
290, 292 visible). In certain embodiments, the strips 292 are
of variable length and arranged such that more strips 292
contact therings 286 as the disk 282 is increasingly deformed.

[0052] FIGS. 7B-7C are cross-sections of the assembled
pressure sensor 280 of FIG. 7A according to certain aspects of
the present disclosure. This disk 282 is sealingly attached to
the wall 284 so as to form an interior volume 294 over the
substrate 296. FIG. 7B shows the pressure sensor 280 in an
initial configuration wherein the pressures within interior
volume 294 and external volume 298 are equal. In certain
embodiments, the external volume 298 may be the interior of
flow passage 114 of FIG. 3. In certain embodiments, the
interior volume 294 may be vented to the ambient atmo-
sphere, for example external to the flow passage 114, such
that pressure measured by the pressure sensor 280 is gauge
pressure. As the pressure in the external volume 298
increases, the disk 282 will deform as shown in FIG. 7C and
one or more of the radial strips 290, 292 (not visible in FIGS.
7B-7C)on disk 282 will contact one or more of the concentric
rings 286. By determining which rings 286 are interconnected
by contact with the strips 290, 292, for example by measuring
the resistance between pairs of rings 286, using a resistance
measurement device (not shown in FIGS. 7A-7C), the
deformed shape of the disk 282 can be determined and there-
fore the pressure in the external volume 298 can be deter-
mined. With the appropriate arrangement of the radial strips
292, the change in resistance may be non-linear with
increased deformation, thereby at least partially compensat-
ing for any non-linear deformation of the disk 282 in response
to an incremental change in the pressure in external volume
298. In the example wherein the external volume 298 is the
interior of flow passage 114, the pressure in the external
volume 298 typically fluctuates between ambient pressure
and a higher pressure, thus deflecting the disk 282 against the
concentric rings 286 to a greater or lesser degree.

[0053] Tt will be apparent that the disposition of the con-
centric rings 286 and radial conductive strips 290,292 may be
interchanged such that the concentric conductive rings are
formed on the underside of the disk 282 while radial conduc-
tive lines of varying length are provided on the surface of
substrate 296 within the wall 284 without departing from the
scope of this disclosure. Methods of selectably measuring the
resistance between pairs of the rings 286, in the embodiment
shown in FIGS. 7A-7C, or of radial conductive lines formed
on the substrate, in an alternate embodiment, are known to
those of skill in the art and are not shown herein.

[0054] FIG. 8 is an exemplary display 300 of information
provided by the processor 122 according to certain aspects of
the present disclosure. The display 300 depicts examples of
four sections 310, 320, 330, and 340 each displaying one or
more examples of information. In certain embodiments, the
display 300 may provide more or fewer elements of informa-
tion.
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[0055] Section 310 displays an exemplary pressure-vs.-
time curve 213, with the current time at the right. The plot is
overlaid with a target peak inhalation pressure line 314 and a
excess-pressure area 316.

[0056] Section 320 displays the breath rate, i.e. the rate of
inhalation intervals. The display 320 includes a marker 324
indicating the current time-averaged breath rate within a
range bar 322 with minimum and maximum rates indicated
with labels and shaded areas 326. The value is shown as a
numerical value 325 that, in certain embodiments, may
include a notation, for example a notation that the value is a
10-second average.

[0057] Section 330 displays visual indicators 332 associ-
ated with various physical attributes. The box 334 displays
the calculated blood-alcohol content based on the measured
marker in the patient’s breath. The box 336 would identify a
drug, if detected.

[0058] Section 340 displays the elapsed time since the ini-
tiation of a resuscitation event. The box 342 displays the value
and box 344 displays the units of time, which may initially be
“seconds” and later change to “minutes” after a certain time
interval has elapsed.

[0059] It can be seen that the disclosed embodiments of a
resuscitation devices having an onboard processor provides
improved access to accurate measurements of variables
related to both the functioning of the resuscitation device as
well as the physiological functioning of the patient. These
variables may be easily read by the caregiver during the
procedure and/or stored for later analysis or training pur-
poses.

[0060] The previous description is provided to enable any
person skilled in the art to practice the various aspects
described herein. While the foregoing has described what are
considered to be the best mode and/or other examples, it is
understood that various modifications to these aspects will be
readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other aspects.
Thus, the claims are not intended to be limited to the aspects
shown herein, but is to be accorded the full scope consistent
with the langnage claims, wherein reference to an element in
the singular is not intended to mean “one and only one” unless
specifically so stated, but rather “one or more.” Unless spe-
cifically stated otherwise, the terms “a set” and “some” refer
to one or more. Pronouns in the masculine (e.g., his) include
the feminine and neuter gender (e.g., her and its) and vice
versa. Headings and subheadings, if any, are used for conve-
nience only and do not limit the invention.

[0061] It is understood that the specific order or hierarchy
of steps in the processes disclosed is an illustration of exem-
plary approaches. Based upon design preferences, it is under-
stood that the specific order or hierarchy of steps in the pro-
cesses may be rearranged. Some of the steps may be
performed simultaneously. The accompanying method
claims present elements of the various steps in a sample order,
and are not meant to be limited to the specific order or hier-
archy presented.

[0062] Terms such as “top,” “bottom,” “front,” “rear” and
the like as used in this disclosure should be understood as
referring to an arbitrary frame of reference, rather than to the
ordinary gravitational frame of reference. Thus, a top surface,
a bottom surface, a front surface, and a rear surface may
extend upwardly, downwardly, diagonally, or horizontally in
a gravitational frame of reference.
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[0063] A phrase such as an “aspect” does not imply that
such aspect is essential to the subject technology or that such
aspect applies to all configurations of the subject technology.
A disclosure relating to an aspect may apply to all configu-
rations, or one or more configurations. A phrase such as an
aspect may refer to one or more aspects and vice versa. A
phrase such as an “embodiment” does not imply that such
embodiment is essential to the subject technology or that such
embodiment applies to all configurations of the subject tech-
nology. A disclosure relating to an embodiment may apply to
all embodiments, or one or more embodiments. A phrase such
an embodiment may refer to one or more embodiments and
vice versa.
[0064] Theword “exemplary”is used herein to mean “serv-
ing as an example or illustration.” Any aspect or design
described herein as “exemplary” is not necessarily to be con-
strued as preferred or advantageous over other aspects or
designs.
[0065] The terms “include,” “have,” and the like are
intended to be inclusive in a manner similar to the term
“comprise” as “comprise” is interpreted when employed as a
transitional word in a claim.
[0066] No claim element is to be construed under the pro-
visions of 35 U.S.C. §112, sixth paragraph, unless the ele-
ment 1s expressly recited using the phrase “means for” or, in
the case of a method claim, the element is recited using the
phrase “step for.”
[0067] All structural and functional equivalents to the ele-
ments of the various aspects described throughout this dis-
closure that are known or later come to be known to those of
ordinary skill in the art are expressly incorporated herein by
reference and are intended to be encompassed by the claims.
Moreover, nothing disclosed herein is intended to be dedi-
cated to the public regardless of whether such disclosure is
explicitly recited in the claims.
What is claimed is:
1. A resuscitator comprising;
a patient airway interface device;
a bag;
a flow passage coupled between the bag and patient airway
interface device; and
a sensor assembly comprising:
a display;
at least one sensor coupled to the flow passage and
configured to provide a measurement of at least one
parameter; and
a processor coupled to the display and the at least one
sensor, the processor configured to receive the mea-
surement from the at least one sensor and provide
information on the display based on the received mea-
surement.
2. The resuscitator of claim 1, wherein:
the at least one sensor comprises a pressure sensor; and
the information provided on the display comprises pres-
sure information.
3. The resuscitator of claim 2, wherein the pressure infor-
mation comprises a pressure-vs-time curve.
4. The resuscitator of claim 2, wherein the information
further comprises an alarm.
5. The resuscitator of c¢laim 2, wherein the information
further comprises real-time guidance related to operation of
the resuscitator.
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6. The resuscitator of claim 5, wherein the real-time guid-
ance comprises a metronome signal of a target rate of inha-
lation intervals.

7. The resuscitator of claim 6, wherein the metronome
signal comprises an audible signal.

8. The resuscitator of claim 6, wherein the processor is
configured to adjust the metronome signal based on a current
measured rate of inhalation intervals.

9. The resuscitator of claim 2, wherein:

the at least one sensor further comprises a flow sensor; and

the information provided on the display comprises a tidal

volume.

10. The resuscitator of claim 9, wherein the flow sensor
comprises a flexible disk having a first configuration associ-
ated with a zero flow rate and a plurality of second positions
respectively associated with a plurality of flow rates.

11. The resuscitator of claim 1, wherein:

the at least one sensor comprises a chemical sensor; and

the information comprises information on chemical mark-

ers associated with certain physical attributes.

12. The resuscitator of claim 11, wherein the information
on chemical markers comprises information regarding one or
more of a level of alcohol in the patient’s blood, a level of a
drug in the patient’s blood, a peroxide level in an exhaled
breath of a patient, a temperature of the exhaled breath, or a
pH of the exhaled breath.

13. The resuscitator of claim 1, wherein:

the sensor assembly comprises a memory coupled to the

processor; and

the processor is configured to store a portion of the mea-

surement of at least one parameter in the memory.

14. The resuscitator of claim 13, wherein the processor is
configured to retrieve a portion of the measurement from the
memory and provide the retrieved portion of the measure-
ment to an external system.

15. The resuscitator of claim 14, wherein the sensor assem-
bly comprises a communication module coupled to the pro-
cessor and configure to communicate wirelessly with the
external system.

16. The resuscitator of claim 1, wherein the patient airway
interface device comprises a mask.

17. The resuscitator of claim 1, wherein the patient airway
interface device comprises an endotracheal tube.

18. The resuscitator of claim 1, wherein the sensor assem-
bly further comprises a communication system configured to
wirelessly communicate with external equipment.

19. A resuscitator comprising:

a patient airway interface device;

abag;

a flow passage coupled between the bag and patient airway

interface device; and

a sensor assembly comprising:

an indicator;

at least one sensor coupled to the flow passage and
configured to provide a measurement of at least one
parameter; and

a processor coupled to the indicator and the at least one
sensor, the processor configured to receive the mea-
surement from the at least one sensor and actuate the
indicator based on the received measurement.

20. The resuscitator of claim 19, wherein the indicator is an
audio device.

21. The resuscitator of claim 19, wherein the indicator is a
visual device.
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22. The resuscitator of claim 19, wherein the processor
actuates the indicator so as to provide real-time guidance
related to operation of the resuscitator.

23. The resuscitator of claim 22, wherein the real-time
guidance comprises time-averaged information related to a
target rate of inhalation intervals.

24. The resuscitator of claim 19, wherein:

the sensor assembly further comprises a memory coupled

to the processor;

the processor is configured to store a portion of the mea-

surement in the memory;

the sensor assembly further comprises a communication

module coupled to the processor and configured to com-
municate wirelessly with an external system; and

the processor is configured to retrieve a portion of the

measurement from the memory and provide the
retrieved portion of the measurement to the external
system.

25. The resuscitator of claim 19, wherein the patient airway
interface device comprises a mask.

26. The resuscitator of claim 19, wherein the patient airway
interface device comprises an endotracheal tube.

27. The resuscitator of claim 19, wherein the sensor assem-
bly further comprises a communication system configured to
wirelessly communicate with external equipment.

28. A method comprising the steps of:

measuring at least one of a flow rate, a pressure, a tempera-

ture, a pH, and a chemical marker in the exhaled breath
of a patient; and

actuating an indicator so as to provide information related

to at least one of a breath rate, a tidal volume, a pressure-
vs-time curve, a presence of a chemical in the patient’s
breath, or a condition of the patient.

29. The method of claim 28, further comprising the step of:

actuating an indicator so as to provide guidance related to

achieving at least one of a target breath rate and a target
tidal volume.

30. A pressure sensor comprising:

a substrate;

a wall formed on the substrate;

one of a plurality of concentric conductive rings and a

plurality of radial conductive strips is formed on the
substrate within the wall;

a flexible disk coupled to the wall so as to form an interior

volume; and

the other of the plurality of concentric conductive rings and

the plurality of radial conductive strips is formed on the
disk,

wherein deformation of the flexible disk due to a pressure

differential between a first pressure within the interior
volume and a second pressure outside of the internal
volume will cause at least one of the radial conductive
strips to contact at least one of the concentric conductive
rings.

31. The sensor of claim 30, wherein the plurality of con-
centric conductive rings and the plurality of radial conductive
strips are formed on interior surfaces of the substrate and the
flexible disk.

32.The sensor of claim 30, wherein the number of concen-
tric conductive rings contacted by the at least one radial
conductive strip is related to a magnitude of the pressure
differential.
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