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(57) Abrégée/Abstract:
Resuscitation and ventilation monitoring devices are provided. A device Includes an Inlet in fluid communication with airflows
exchanged with lungs of a patient and an airflow meter for measuring characteristics of the airflows. A user may provide a controller
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(57) Abrege(suite)/Abstract(continued):
with patient information, e.g., height, weight, gender, or age, via a measurement selector, enabling the controller to determine

acceptable ranges of measured airflow characteristics. The device may determine a current mode of ventilation and associated
ventilator settings based on the measured airflow characteristics. The device may also identify and filter out artifacts present in the
ventilation signal, and determine whether a respiratory faillure phenotype Is present In the ventilation. If the current mode of
ventilation and associated ventilator settings fall outside an acceptable range, the ventilation Is classified as off-target and the
controller may cause a sensory alarm to alert the user. The device may suggest a corrective action based on the type of off-target
ventilation detected. The device may also continuously analyze ventilation to determine changes in lung compliance over time and
to identify pathological changes over time. The device may work within a network of devices and user interfaces via wired or
wireless communication, and Is not restricted to or dependent on the type of ventilatory device with which a patient Is being

supported.
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(57) Abstract: Resuscitation and ventilation monitoring devices are provided. A device includes an mlet in fluid communication with
airflows exchanged with lungs of a patient and an airtflow meter for measuring characteristics of the airtlows. A user may provide a

controller with patient information, e.g., height, weight, gender, or age, via a measurement selector, enab!

ing the controller to determine

acceptable ranges of measured airtlow characteristics. The device may determine a current mode of venti

ation and associated ventilator

settings based on the measured airtflow characteristics. The device may also 1dentify and filter out artifacts present in the ventilation
signal, and determine whether a respiratory failure phenotype is present in the ventilation. It the current mode of ventilation and associ-
ated ventilator settings fall outside an acceptable range, the ventilation is classified as off-target and the controller may cause a sensory
alarm to alert the user. The device may suggest a corrective action based on the type of off-target ventilation detected. The device may
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time. The device may work within a network of devices and user interfaces via wired or wireless communication, and 1s not restricted
to or dependent on the type of ventilatory device with which a patient 1s being supported.
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RESUSCITATION AND VENTILATION ASYNCHRONY MONITOR

I. Statement of Government Interest

[0001] This invention was made with government support under contract number
SK12HL108964-05 awarded by the National Heart, Lung, and Blood Institute. The

government has certain rights in the invention.

I1. Cross-Reference To Related Applications

[0002] This application claims the benefit of priority of U.S. Provisional Application Serial
No. 62/420,943, filed November 11, 2016, the entire contents of which 1s incorporated herein

by reference.
III. Technical Field

[0003] The present disclosure relates to patient resuscitation and ventilation monitoring

systems.

1V. Background

[0004] Acute respiratory failure 1s the most common reason for intensive care unit (“ICU”)
admission 1n the U.S. and 1s associated with an average in-hospital mortality of approximately
30% and $54 billion 1n attributable yearly costs. Airway management 1s an important aspect of
emergency resuscitation and critical care. In turn, providing a proper ventilation rate and tidal
volume 1s an important aspect of airway management. Proper ventilation rates and tidal
volumes vary along with the overall patient size, e.g., height and weight, gender, and/or age.

As such, pediatric airway management may be particularly difficult due to the wide range of

heights and weights of pediatric patients.

[0005] During emergencies, first responders and clinicians commonly use bag valve masks
(“BVM”) or manual resuscitators for airway management. However, many first responders
and clinicians 1nadvertently hyperventilate patients with BVMs or other resuscitation
equipment, which may lead to serious complications. Hyperventilation decreases CO21n the
body of a given patient, which results in alkalosis. Alkalosis impedes the patient’s blood
hemoglobin to bind to oxygen, which ultimately gives rise to potentially fatal conditions such
as cerebral hypoxia and hyperventilation syndrome, which may lead to brain injury and patient
mortality. Alkalosis also causes vasoconstriction, which may lead to decreased blood flow to
the brain, and has been shown to result in worse outcomes in patients with traumatic brain

injuries. Furthermore, inappropriate tidal volumes or the total volume of air that 1s given with
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each breath, may lead to barotrauma and the development of Acute Respiratory Distress
Syndrome (“ARDS,” a common and severe form of diffuse lung injury associated with

increased morbidity and increased mortality of up to 50%).

[0006] Airway management may also be conducted via mechanical ventilation (“MV™), for
example, when the patient 1s 1n the hospital. Similarly, MV devices may provide life-saving
therapy, but if delivered improperly, can result in off-target ventilation, e.g., inappropriate
respiratory rates and tidal volumes when not appropriately optimized for the patient’s size or
physiology, resulting 1n ventilator-induced lung injury (“VILI”), e.g., hypo- or hyper-
ventilation as well as barotrauma. One of the principle mechanisms of VILI 1s known as
volutrauma, whereby delivery of excessive tidal volumes (“TV”, the volume delivered by the
ventilator with each breath) results 1n pathologic alveolar distention, cellular injury, and the

development of diffuse lung injury with many of the pathologic and clinical hallmarks of

ARDS.

[0007] Excessive distention of lung tissue may result from inappropnately prescribed
ventilator settings, excessive patient effort, or from subtypes of patient ventilator asynchrony
(“PVA”) that result in incomplete exhalation in between breaths, trapping gas in the lungs and
further distending tissue. PVA 1s a type of off-target ventilation and may occur when a
patient’s respiratory demands are not matched by the ventilator’s assistance, resulting 1n
substantial patient distress, increased work of breathing, and the delivery of potentially
1injurious ventilation that may further promote lung injury. Randomized controlled trials in
patients with ARDS suggest that targeting a low tidal volume ventilation (“LTVV”) strategy of
approximately 6 ml/kg of predicted body weight and controlling PVA 1improve survival
although studies to date have not been able to separate the effects of excessive TV from those
of PVA. Studies in ventilated patients without ARDS suggest that a LTVV strategy reduces

the development of respiratory complications and hospital-acquired ARDS.

[0008] In addition, acute respiratory failure may be associated with a number of common
syndromic phenotypes including ARDS, small-medium sized airway obstruction, and
pneumothorax. ARDS 1s a clinical syndrome caused by a large number of 1nsults to the lung
including VILI. Optimal management of ARDS requires delivery of lung-protective
mechanical ventilation. However, numerous studies have documented that clinicians
consistently fail to recognize ARDS resulting 1n unnecessary patient exposure to injurious
ventilator settings. Previous attempts to automate ARDS recognition have required

coordinated analysis of data from multiple sources including electronic health record (“EHR™)
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data and chest x-ray radiologist reports, making this approach impractical in settings where
complex EHR interfacing and text mining technology are not available. Small-medium sized
airway obstruction 1s commonly associated with acute exacerbations of asthma or smoking-
related chronic obstruction pulmonary disease. Acute obstruction may also occur due to
1inhalation of smoke, aerosolized chemical irritants, and aspiration of gastric contents. A
pneumothorax occurs when a lung collapses either spontaneously or as a result of trauma. The
detection of a pneumothorax requires physical examination and/or radiographic imaging which

may be difficult or impossible 1n resource limited or time sensitive situations.

[0009] Despite 1ts high prevalence, cost, and associated suffering, MV remains difficult to
study and no well-validated, widely available analytic or clinical decision support tools exist to
facilitate patient-specific, precision management of MV. Waveform data from MV (and most
other life support devices) are not generally available in the EHR, limiting the ability to
develop analytic tools. MV data from clinical studies have typically been hand-recorded only
a few times per day, representing a gross under-sampling of patients who routinely take more
than 20,000 breaths per day, and most studies have been unable to collect and analyze the rich
streams of ventilator wavetform data (“VWD”) used by clinicians at the bedside to diagnose
and manage pathologic patient-ventilator interactions. Manual analysis of large volumes of
physiologic wavetorm data 1s limited by 1ts labor-intensive nature, and recent data suggest that
ICU clinicians perform poorly when asked to identify common forms of PVA through visual

inspection of VWD, further supporting a need for standardized, automated analytic tools.

[0010] A number of small studies have collected VWD using intrusive, e.g., laptop
computers, or non-scalable methods of data acquisition, using a variety of analytic approaches
to classifying PVA from manual annotation to power spectral analysis to the application of
proprietary waveform analysis software. These studies have demonstrated an important proof
of concept, namely that MV waveform data are rich 1n historically unrecorded information
pertinent to patient-ventilator interactions, and that analysis of PVA and other forms of “off
target” ventilation (“OTV”) may reveal associations with important clinical outcomes and
processes of care. Studies to date have been limited by lack of access to ventilator data,
intrusive data collection methods that may introduce observer bias and limit the feasibility of
continuous longitudinal data collection, limited clinical validation of algorithm performance,
1inability to distinguish between OTV subtypes, and lack of defined analytic mechanisms to
distinguish between true OTV events and waveform artifacts that may result in false positive
event classification. As these 1ssues are not unique to MV, the development of improved MV

waveform analysis software serves as a generalizable use case for the challenges facing the
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broader development of healthcare “big data,” e.g., specific analytics and decision support
systems including barriers to data access, transmission, standardization, security, storage, and
computation; incorporation of clinician-informed knowledge and heuristics into algorithms
able to transform complex, high-volume raw data into actionable information while
minimizing false alarms; and the development of well-engineered software solutions that allow
extensibility, integration with other systems, and ultimately, provisioning of clinical decision

support to the point of care.

[0011] It would therefore be desirable to provide improved systems and methods for

alrway management.

[0012] Specifically, 1t would be desirable to provide resuscitation and monitoring systems
and methods that improve clinical decision support by determining acceptable ranges of
measured airflow characteristics, determining specific types of off-target ventilation, and

providing suggested corrective action 1n response to detected off-target ventilation types.

[0013] It would further be desirable to provide resuscitation and monitoring systems and
methods that may automatically 1dentify syndromic phenotypes with high levels of accuracy,

without the usual need for advanced human clinical subspecialty diagnostic skills.

[0014] It would be also be desirable to have a device that works independently from any

other devices or systems.

V. Summary

[0015] The present disclosure overcomes the drawbacks of previously-known systems by
providing systems and methods for improved resuscitation and ventilation monitoring, and

enhanced clinical decision support.

[0016] One embodiment relates to a resuscitation and ventilation monitoring system. The
system 1ncludes a processor having a memory a non-transitory computer-readable medium
having instructions that, when executed by the processor, cause the processor to perform
specified operations. For example, the processor may receive user input from a user, such as
patient height, weight, gender, age. The processor may receive the user input via a
measurement selector. The measurement selector may include a surrogate marker having
numbers, letters, or colors. For example, the surrogate marker may include a plurality of
colored options, wherein each of the plurality colored options correspond to colors and
associated measurement increments defined by a Broselow Tape, and each of the colors and

associated measurement increments defined by the Broselow Tape may correspond to a
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respective predetermined limit of the ventilation. The user input may also include user-defined

settings for clinical decision support alarm thresholds and suggestions for corrective action.

[0017] The processor may also generate a ventilation signal indicative of a current mode of
ventilation and associated ventilator settings based on at least one of airflow, pressure, oxygen,
or carbon dioxide measurements received from an airtlow meter and/or one or more sensors,
e.g., a CO; sensor, an O, sensor, or a pressure sensor, 1n fluid communication with airflows
exchanged with lungs of the patient. The processor may receive the airflow measurements
from the airflow meter and/or one or more sensors via WiF1, Bluetooth, sertal communication,
or cellular communication. The processor may send raw ventilation data and derived
information including clinical decision support via at least one of WiFi1, Bluetooth, serial
communication, or cellular communication, to one or more external destinations including, but
not limited to, electronic medical record systems or telemedicine systems, and to one or more
physiologic patient monitoring devices including, but not limited to, pulse oximeters, non-
invasive blood pressure cuffs, invasive arterial blood pressure monitors, intracranial monitors,

or cardiac and circulatory physiology monitors.

[0018] The processor may 1dentify and filter out artifacts present in the ventilation signal,
e.g., a suction event, a cough, or patient-ventilator disconnect. The processor may also
determine whether a respiratory failure phenotype 1s present in the ventilation, e.g., acute
respiratory distress syndrome, obstructive lung disease, or pneumothorax. Additionally, the
processor may classify the monitored ventilation as either on-target or off-target based on
whether the current mode of ventilation and associated ventilator settings are within a
predetermined limit defined by the user input. For example, the predetermined limit of the
ventilation defined by the user input may include a corresponding range of acceptable
respiratory rates and tidal volumes. Further, the predetermined limit of the ventilation may
include commonly accepted standards of practice based on the user input, specific to the

patient.

[0019] If the processor determines that the ventilation 1s off-target, the processor may
determine the type of off-target ventilation, e.g., tidal volume violation or PVA, and generate
an alert 1f the ventilation 1s off-target. In one embodiment, the alert may be generated only 1f
the off-target ventilation type exceeds the clinical decision support alarm thresholds. The alert
may be, for example, an audio or visual alert. The processor suggests a corrective action to the
user based on the off-target ventilation type via a user interface 1f the alert 1s generated. For

example, 1f the processor determined that the off-target ventilation 1s a PVA, e.g., a double
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trigger asynchrony, breath stacking asynchrony, flow asynchrony, delayed termination
asynchrony, early termination asynchrony, forced exhalation asynchrony, or ineffective trigger
asynchrony, the suggested corrective action may be based on the PV A subtype, a frequency of
the PVA, or a temporal pattern of the PVA. Additionally, 1f the processor determined that the
off-target ventilation 1s a tidal volume violation, e.g., 1f a delivered inspiratory volume 1s oft-
target, the suggested corrective action may be based on the current mode of ventilation and
associated ventilator settings. The suggested corrective action may be implementable by the

user to adjust a manual bagging of the patient or ventilator settings of a mechanical ventilator.

[0020] The system may continuously analyze ventilation to determine changes 1n lung
compliance over time and to 1dentify pathological changes over time, e.g., acute respiratory
distress syndrome, obstructive lung disease, or pneumothorax. For example, the system may
continuously analyze CO; 1n exhaled breaths to at least identify at least one of inappropriate
ventilation rates or pathology, or to predict outcome from cardiac arrest, or may continuously
analyze the O, to 1dentify when the O, content 1s either too high or too low for a current

physiologic state, and to provide feedback to the user for changes 1n O, concentration.

[0021] The system may continuously analyze clinical data obtained via at least one of
WiF1, Bluetooth, sertal communication, or cellular communication from one or more external
sources including, but not limited to, electronic medical records, and from one or more
physiologic patient monitoring devices including, but not limited to, pulse oximeters, non-
invasive blood pressure cufts, invasive arterial blood pressure monitors, intracranial monitors,
or cardiac and circulatory physiology monitors. The system may transmit raw ventilation data
or higher order information derived from the resuscitation and ventilation monitoring system
via at least one of Wi1F1, Bluetooth, sertal communication, or cellular communication, to one or
more external sources including, but not limited to, electronic medical record systems or
telemedicine systems, and to other physiologic patient monitoring devices including, but not
limited to, pulse oximeters, non-invasive blood pressure cufts, invasive arterial blood pressure

monitors, intracranial monitors, or cardiac and circulatory physiology monitors.

[0022] Another embodiment of the disclosure relates to a method of monitoring
resuscitation and ventilation of a patient. The method includes receiving user input, e.g.,
patient height, weight, gender, or age, from a user via a measurement selector; generating a
ventilation signal indicative of a current mode of ventilation and associated ventilator settings
based on airflow measurements received from an airflow meter and/or one or more sensors in

fluid communication with airflows exchanged with lungs of the patient; 1dentifying and
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filtering out artifacts present in the ventilation signal; classifying the ventilation as either on-
target or off-target based on whether the current mode of ventilation and associated ventilator
settings are within a predetermined limit defined by the user input; determining off-target
ventilation type and generating an alert 1f the ventilation 1s off-target; and suggesting corrective
action based on the off-target ventilation type via a user interface 1f the alert 1s generated,
wherein the suggested corrective action may be implementable by the user to adjust a manual
bagging of the patient or ventilator settings of a mechanical ventilator. The method may also
include determining whether a respiratory failure phenotype 1s present 1in the ventilation, and
continuously analyzing ventilation to determine changes in lung compliance over time and to
1dentify pathological changes over time, e.g., acute respiratory distress syndrome, obstructive

lung disease, or pneumothorax.

[0023] The method may include continuously analyzing ventilation data in concert with
clinical data derived from external sources to detect one or more pathologic states related to
both the state of ventilation and to illnesses other than respiratory failure, such as when
particular methods of ventilation delivery may contribute to the development of or worsening
of circulatory shock, contribute to the development of or worsening of end-organ dysfunction,
or 1s 1nadequate to meet the physiologic needs of a given acute i1llness, and prompting the

operator to consider adjustment of ventilation settings.

[0024] It should be appreciated that all combinations of the foregoing concepts and
additional concepts discussed 1n greater detail below (provided such concepts are not mutually
inconsistent) are contemplated as being part of the inventive subject matter disclosed herein.
In particular, all combinations of claimed subject matter appearing at the end of this disclosure

are contemplated as being part of the inventive subject matter disclosed herein.

[0025] The system may work independently of any other devices or systems, and 1s not
dependent upon other devices. Specifically, the device works with any type of mechanical

ventilator or bag valve mask and does not require direct input from those devices.

VI. Brief Description Of The Drawings

[0026] The skilled artisan will understand that the drawings primarily are for illustrative
purposes and are not intended to limit the scope of the subject matter described herein. The
drawings are not necessarily to scale; in some instances, various aspects of the subject matter
disclosed herein may be shown exaggerated or enlarged 1n the drawings to facilitate an
understanding of different features. In the drawings, like reference characters generally refer

to like features (e.g., functionally similar and/or structurally similar elements).
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[0027] FIG. 1 1s a schematic block diagram illustrating various features of a resuscitation

and ventilation monitoring system, according to an example embodiment.
[0028] FIGS. 2A-2D 1illustrate various arrangements of an airflow meter.
[0029] FIG. 3A 1llustrates an example arrangement of a CO2 sensor.

[0030] FIG. 3B 1s a schematic diagram illustrating an example arrangement of a band pass

filter.
[0031] FIGS. 4A-4C illustrate various arrangements of a measurement selector.
[0032] FIG. 5A 1s a schematic block diagram illustrating various features of a controller.

[0033] FIG. 5B 1s a schematic diagram 1llustrating an example arrangement of a low pass

filter.

[0034] FIG. 6 1s an exploded view of an example embodiment of the resuscitation and

ventilation monitoring device of FIG. 1.

[0035] FIG. 7 illustrates a flow chart depicting the actions performed by the processor of a

ventilation system 1n accordance with the principles of the present disclosure.

[0036] FIGS. 8A-8F 1llustrate waveforms of various clinical artifacts and patient-ventilator

asynchrony subtypes.

[0037] FIG. 8G 1llustrates an “on-target” observed ventilation as determined 1n accordance

with the principles of the present disclosure.

[0038] FIG. 8H 1llustrates a “double trigger asynchrony” patient-ventilator asynchrony as

determined 1n accordance with the principles of the present disclosure.

[0039] FIG. 9 1s a schematic block diagram 1illustrating an extensible, modular analytic
engine, referred to as the ventilator multi-algorithm analytic platform in accordance with the

principles of the present disclosure.

[0040] FIGS. 10A and 10B 1llustrate the detection rate of DTA with and without artifact

correction 1n accordance with the principles of the present disclosure.

[0041] FIGS. 11A and 11B illustrate the stratification of off-target breaths with and

without tidal volume-fusion 1n accordance with the principles of the present disclosure.

[0042] The features and advantages of the inventive concepts disclosed herein will become
more apparent from the detailed description set forth below when taken in conjunction with the

drawings.
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VI1I. Detailed Description

[0043] In the following detailed description, reference 1s made to the accompanying
drawings, which form part of the present disclosure. The embodiments described 1n the
drawings and description are intended to be exemplary and not limiting. As used herein, the
term “example” means “serving as an example or illustration” and should not necessarily be
construed as preferred or advantageous over other embodiments. Other embodiments may be
utilized and modifications may be made without departing from the spirit or the scope of the
subject matter presented herein. Aspects of the disclosure, as described and 1llustrated herein,
may be arranged, combined, and designed 1n a variety of different configurations, all of which

are explicitly contemplated and form part of this disclosure.

[0044] Unless otherwise defined, each technical or scientific term used herein has the same
meaning as commonly understood by one of ordinary skill 1in the art to which this disclosure
belongs. In accordance with the claims that follow and the disclosure provided herein, the

following terms are defined with the following meanings, unless explicitly stated otherwise.

[0045] As used 1n the specification and claims, the singular form “a”, “an” and “the”
include both singular and plural references unless the context clearly dictates otherwise. For
example, the term “a sensor’” may include, and 1s contemplated to include, a plurality of
sensors. At times, the claims and disclosure may include terms such as “a plurality,” “one or
more,” or “at least one;” however, the absence of such terms 1s not intended to mean, and

should not be interpreted to mean, that a plurality 1s not conceived.

[0046] As used herein, the term “comprising” or “comprises’ 1s intended to mean that the
devices, systems, and methods include the recited elements, and may additionally include any
other elements. “Consisting essentially of” shall mean that the devices, systems, and methods
include the recited elements and exclude other elements of essential significance to the
combination for the stated purpose. Thus, a device or method consisting essentially of the
elements as defined herein would not exclude other materials or steps that do not matenally
affect the basic and novel characteristic(s) of the claimed invention. “Consisting of” shall
mean that the devices, systems, and methods include the recited elements and exclude anything
more than a trivial or inconsequential element or step. Embodiments defined by each of these

transitional terms are within the scope of this disclosure.

[0047] “Component,” as used herein, may refer to an individual unit or structure, or 1t may

refer to a portion, feature, or section of a larger structure.
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[0048] As used herein, “patient” shall mean any individual who receives resuscitation or

ventilation treatment.

[0049] As used herein, a “user” shall refer to any individual who interacts with, or
otherwise uses, any of the systems or devices disclosed herein. For example, a user may be a
healthcare provider or healthcare technician, or a parent or guardian assisting or monitoring a

patient.

[0050] Various embodiments disclosed herein are directed to a device that monitors
various patient parameters such as respiration rate, tidal volumes, pressure, CO; levels, and O,
levels during a resuscitation process. Although the present disclosure discusses respiration
rate, tidal volumes, pressures, CO; levels, and O; levels 1n particular, one of skill 1n the
relevant art would recognize that other embodiments may include devices that monitor other or
additional parameters during patient resuscitation as well. The device may be incorporated
with a bag valve mask (BVM), a bag and endotracheal tube, or other resuscitation equipment,
such as a mechanical ventilator. The device includes adjustable control settings that
correspond to dimensions, e.g., height and weight, gender, and/or age of a given patient,
allowing the device to warn a user 1f proper ventilation rates and tidal volumes are not being
delivered. Some embodiments of the device are particularly advantageous for use 1n airway
management in children, incorporating a Broselow Tape system 1nto the adjustable control
settings. The Broselow Tape 1s a color coded tape corresponding to established ranges of
pediatric patient heights. Each color 1s associated with proper ventilation techniques and other
important medical procedures specific to a given size range (e.g., an appropriate ventilation
rate and tidal volume for a given range of pediatric patient heights). In addition, some
embodiments include a sensor that measures end tidal CO,. Measuring end tidal CO; allows a
user to determine whether the patient has a pulse (e.g., after cardiac arrest), monitor cardiac
output and ventilations, and determine whether an associated endotracheal tube 1s properly
disposed 1n a trachea (1.e., as opposed to an esophagus). The device may also include a sensor
that measures oxygen concentration and/or a sensor that measures temperature of the airtflow.
In operation, a user may identify a color group their patient corresponds to on the Broselow
Tape, and may adjust the control settings on the device corresponding to that color group. A
user may also 1dentify the height and sex of a patient and the device will adjust the control
settings for that height and sex. The user may then start ventilating the patient; if the
ventilation 1s too fast or too slow, an alarm system will be triggered, alerting the user to look at

an associated display to see how the ventilation should be adjusted.
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[0051] Referring now to FIG. 1, resuscitation and ventilation monitoring device 100
includes inlet 102, airtlow meter 104, sensors 106, controller 108, measurement selector 110,
and sensory alarm 112. In some arrangements, device 100 1s incorporated into a BVM (e.g.,
disposed 1n line with airflows exchanged from a pump or bag) or some other resuscitation
device, e.g., a bag and endotracheal tube or a mechanical ventilation device. Inlet 102 1s
configured to enable device 100 to be 1n fluild communication with the lungs of a patient. In
some arrangements, inlet 102 1s disposed 1n line with a conduit providing and receiving
airflows with a patient mouth (e.g., disposed in line in a BVM). In some arrangements, 1nlet
102 1s a mouthpiece configured to sealingly and removably engage the patient mouth. In some
arrangements, 1nlet 102 1s 1n fluid communication with airflows exchanged directly with a

patient trachea. Consistent among these and other arrangements, inlet 102 enables airflows

exchanged with the patient to pass through device 100.

[0052] Airflow meter 104 1s configured to detect and measure respiration frequency and
airflow volumes passing through inlet 102. Airflow meter 104 may include, for example, at
least one of Fleisch type pneumotachometers, Lilly pneumotachometers, variable-orifice
pneumotachometers, fixed-orifice pneumotachometers, hot wire anemometers, rotating vane
spirometers, ultrasound-based pneumotachometer, or any other airflow meter known by one
skilled 1n the art. As such, airflow meter 104 provides device 100 with data corresponding to a
patient respiratory rate and tidal volumes. For example, the airflow meter 104 may be
configured to measure respiratory rates ranging from 1-75 breaths per minute (“bpm”) and
tidal volumes of 5-5,000 mL. In addition, airflow meter 104 may be configured to detect,
measure, and compare the volume of an 1inhaled breath versus an exhaled breath of the patient
within a breath cycle, such that the difference, 1.e., A, may then be displayed on the user
interface of device 100. Similarly, sensors 106 may include, for example, a CO; sensor
configured to detect and measure CO; levels 1n airflows passing through inlet 102. For
example, sensors 106 may be configured to measure CO; levels ranging from 0-99 mmHg.
Sensors 106 may include a pressure sensor that measures the pressure within the airflow
passing through the device. Sensors 106 may include an O, sensor configured to detect and
measure O, levels in airflows passing through inlet 102. Additionally or alternatively, sensors
106 may include a temperature sensor configured to detect and measure the temperature of the

airflow passing through inlet 102, as well as the humidity of the airflow passing through inlet

102.

[0053] Measurement selector 110 1s an input component that allows the user to provide

device 100 with information relating to the size, gender, and/or age of the patient. In some
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arrangements, measurement selector 110 includes a plurality of preset buttons, toggles,
switches, or other mechanically or digitally interactive components corresponding to pre-set
increments of patient sizes (e.g., a surrogate marker including colors corresponding to colors of
the Broselow Tape or direct measurement of the patient). In other arrangements, measurement
selector 110 allows the user to manually enter specific patient size measurements, gender,
and/or ages (e.g., a keyboard or a numerical pad, as disposed on a mechanical set of keys or a

digital touchscreen), thereby allowing for a greater level of granularity.

[0054] Sensory alarm 112 1s an output component configured to communicate with the
user when at least one parameter (e.g., measured respiratory rate, tidal volume, pressure,
difference 1n inhaled and exhaled volumes, CO; levels, or O, levels) 1s above or below
acceptable levels (1.e., as determined by patient size, gender, and/or age information provided
through measurement se<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>