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APPARATUS AND METHODS FOR PULMONARY MONITORING

CLAIM OF PRIORITY
[0001]  This patent application claims the benefit of priority of Mona Eskandan U.S.
Provisional Patent Application Serial Number 63/022 221, entitled "METHOD FOR
PULMONARY MONITORING™ filed on May 8, 2020, which is hereby mcorporated by

reference herein in its entizety.

TECHNICAL FIELD
[0002]  In the following description, for purposes of explanation, various details are set
forth in ordes to provide a thorough understanding of some example embodiments, It will be
apparent, however, to one skilled 1 the art that the present subject matter may be practiced
without these specific details, or with shight alierations.
{00031 This document pertains generally, but not by way of limitation, to pulmonary

monitoring.

BACKGROUND
[004]  The present disclosure generally relates to a new diagnostic ool for lung health
that harnesses a non-invasive measure of lung material properties. This can allow pulmonary
monstoring that can be fast, routine, affordable, and as repeatable as taking a patient's pulse or
measuring blood pressure.
[0005]  Lung discase 1s a feading cause of death worldwide, and new threats are emerging
from respiratory pandenucs, vaping, and nising air pollotion in many parts of the world.
Current approaches to pulmonary examinations can be inaccurate, time-consuming, and
tnaccessible. As a result, lung health gencerally 15 not montored unless symptomatic, and by
then the damage can be permanent and degeneration can be wreversible. For example, COPD
{chronic obstructive pulmonary discase) patients lose half their lung function before even
receiving their first spirometry test.
[0006] Al pulmonary fupction tests are currently based on measuring airflow during
inhalation and exbalation. Drawbacks of traditional flow-measuring devices, such as
spirometers (measuring the speed of air exhalation) and plethyvsmographs (a large system
encasing the patient's entire body to record pressures and volumes), can include prolonged

testing, nexact objective measures, and tedions technician training requirements. Further,
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the exams can be too lengthy for a tvpical doctor's office visit {20-30 minutes) or require the
patient to be referred to a laboratory, by which time a symptom may have subsided. The
testing protocols can be difficolt to follow and repeat, especially for chifdren; even aduits can
rarely reproduce their own results. More common are 30-second peak flow meter exams that
provide little meanmgiul data. Even objective and insightful non-flow medical examinations
based on imaging, such as lung CT scans (computerized tomography), notably used in the

pressing COVID-19 outbreak, can be expensive and not widely accessible.

SUMMARY
{007]  In consideration of the above issues, it would be desirable to provide a method that
harnesses a fundamental scientific phenomenon, viscoelasticily response of the lung, to
measure lung health quickly and routinely based on temporal pressure evolution, such as at
least one of a change in respiratory tract pressure with time or a change in lang pressure with
time, during a held insparatory breath.
{008]  [n addition, the method can be medically transformative, enabling carly detection,
differcotial diagnosis, and treatment assessment. As such, the method as disclosed herein has
the potential to save Hives, improve health outcomes, and save billions of dollars in diagnostic
and treatment costs.
{009 [n an example, a method disclosed for pulmoenary monuoring can include non-flow
measurement of pressure evolution from an individual holding an inhaled breath.
[0018]  In an example, the method can be used as a standard screening procedure, simifar
to other chnically pervasive and revolutionary devices such as blood pressure cutts and
glancoma tonometry. In addition, the method can change the current pulmonary healthcare
narrative by infroducing a non~-invasive, relatively fast, objective, and widely accessible
assessment of hung health based on non-flow properties.
[0011]  In an example, viscoelasticity can cvaluate lung health using signature pressure-
time (P-T) features, such as lung biomarkers, to classify normal and abnormal lung function,
differentiate between types of abnormalities, and continnousty monitor disease progression,
Taken together, viscoelasticity can evaluate tung health using lung biomarkers to classify
normal and abrnormal lung function, differentiate between types of lung abnormalities, and
continuonsly monitor long disease progression.
[012]  Inaccordance with an exemplary embodiment, the whole-organ can be the entire

fungs (i.e., right lung and left lung, or alternatively, only one lung 1f the patenat or mdividual
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has only one tung) of a patient or individual,

{00131 In an example method, a patient can inhale and hold his or her breath as long as
possible {for example, less than 30 seconds) to generate a pressore-time (P-T) curve, such as
using & mouthpicce 210 acting as a real-time pressure gauge (manometer) interfacing with
control cirenitry, such as including a compating machine runuing a computer software to
record and store measurements, for contemporaneous or later analysis, The P-T curve can
characterize a change in pressure over tune, such as a decrease of pressure over time, that can
be analyzed by rheological models to generate a tung biomarker, A rheological model, such
as conceptually consisting of discrete elements (springs and dashpots), can be ased 1o corve~
fit the P-T curve, such as an exponentially decaying P-T curve. A lung biomarker can
include a signature feature of the P-T curve, such as at least one of an indication of a peak
pressure, an indication of asymptotic pressure, an indication of fractionatl relaxation, an
tnglication of a time-constant, an indication of degree of model non-linearity, or an indication
of solid versus fluid proportional response {e.g., viscoelastic response). In an example, a hung
biomarker can serve as an indication of patient lung health, such as a change in one or more
hung biomarkers over tune can indicate the risk for {or the presence of) a hung condition, such
as i an asymptomatic patient,

[0014]  In an example method, a patient can draw i and hold a breath, such as for a period
of time to measure pressure evolution. Data obtatned from the pressure evolution
measurement can be applied to established rheological models to generate characteristic or
signature features of a temporal pressure-versus-time (P-T) curve, such as to allow fora
comparison of features of healthy control, such as a "normal”™ lung, to diseased states, such as
an “abpormal” lung. Differences between signature features of healthy control data and
discased state data can be used, such as to detect the abnormal lung state. In an example, the
method disclosed herein can also be extended to additional diseased states, such as to explore
possible difterential diagnostic capabilities or for disease progression monitoring,

[0015] I an example, when a single characteristic feature of viscoclasticity {e.g., percent
pressure relaxation) can be compared between healthy tissue and dust-exposed tissoe
modeling asthma, the asthmatic model exhibis notably decreased fractional {or percent
pressure) relaxation, such as to indicate the presence of a lung condition in the tissue {e.g.,
asthma}., Addifional features such as peak and asymptotic pressure values, degrees of non-
linearity, time-constants, andior solid versus fluid proportional response can yield further

viscoelastic metrics, such as to allow a user to compare between healthy and discased states,
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monitor discase progression, and provide differential diagnosis.

{0016]  The present inventors have recognized, among other things, that there 1s a need in
the art for apparatus and methods that can monitor or aysess a patient hing. The apparatus
and methods can mclade control circuitry, such as capable of running software, configured to
process a hung biomarker from patient data. Further, the control circuitry can be configured
to generate a lung wdex, such as to characterize a signatare featare of the patient lung to
monitor or assess the patient fung. In an example, the hung index can be based at least in pant
on the lung biomarker, such as to characterize the patient fung,

[017]  This summary is intended to provide an overview of subject matter of the present
patent application. [t is not intended to provide an exclusive or exhaustive explanation of the
mvention. The detaifed description is included to provide further information about the

present patent application,

BRIEF DESCRIPTHON OF THE DRAWINGS
{018]  In the drawings, which are not necessarily drawn to scale, like numerals may
deseribe similar components in different views. Like numerals having different letter
suffixes may represent different instances of simular components. The drawings tllustrate
generally, by way of example, but not by way of imifation, vanous embodiments discussed
w the present document.
{00191 FIG. 1 shows an example of an apparatus, such as to sense an indication of
pressure evolution in a patient hung.
[0020]  FIG. 2 shows an example mouthpiece including an optional volametric inflator.
[0021]  FIG. 3 shows an example P-T curve.
[0022]  FIG. 4 shows an example method for using an apparatus to monitor a patient, such
as to monitor a hug condition of the patient.

[00231  FIG. 5 shows an example computing machine.

DETAILED DESCRIPTION
[8024]  Pulmonary monitoring can be deseribed as a method to track the health of a patient
lung, such as by at least one of tracking, charting, or checking performance of lung function
over time, In an example, pulmonary monitoring can be used to identify a change ina
phvsiological parameter of the patient lung. A physiological parameter of the patient hung

can include any parameter that can describe a characteristic of the patient lung, such as a
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viscoelastic characteristic of a patient fung. An indication of the physiological parameter can
be represented by patient data, such as daia collecied from the patient with a wrilten
guestionnaire or measured from the patient with a sensor.

[0025] A change m a physiological parameter can indicate at least one of an onset of a
tang condition, such as when a value of the physiological parameter deviates from a “normal”
patient value of the physiological parameter, or a change in patient lung function, such as
mdicative of progression of an abnormal lung condition.  In an example, a “normal™ lung
condition can include a state of a patient lung where a medical professional would not
recommend a therapeutic itervention, such as based on a physiological parameter of the
patient lung. In an example, an “abnormal” lung condition can include a state of a patient
lung where a medical professional would reconymend a therapeuntic mtervention, such as
based on a physiological parameter of the patient lung. In an example, the term “lung
condition” can refer to either of a “normal™ or “abnormal™ lung condition, sach as based on
the context i which the term i3 used.

[0026]  In an example, pulmonary monitoring can include at least one of early detection of
a lung condition, diagnosis of a lung condition, or assessing patient response to a treatment
reginten, such as for a lung condition. In an example, a treatment regimen can include an
tnfervention, such as removing the patient from a toxin/allergen environment, to anderstand
the effect the environment on the patient, such as to improve patient lung health and mitigate
further damage.

{00271 Pressure evolution can be described as a change, such as a change in pressure
experienced in a patient respiratory tract or a patient long over time. In an example, pressure
evolution can also refer to at least one of temporal pressure evolution, temporal pressure
dissipation, or temporal pressure relaxation, such as experienced in at least a portion of the
patient respivatory tract or the patient lung. Pressure evolution can be understood as stress-
relaxation response of the tissue, such as the stress-relaxation response of the lung to an
mspiratory breath held by the patient for a period of time. The pressure evolution response
can include an indication of a physiological parameter, such as related to the patient lung. In
an example, the pressure evolution response can characterize the physiological parameter,
such as at least one of a change in patient lung pressure or a change in distance (€.g.,
displacement) between two landmarks on the patient lung. An indication of pressure
evolution response can be obtained from patient datg, such as patient data related to the

physiological parameter sensed from the patient with a sensor. In an example, the indication
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of pressure evolution response can be related to a dynamic {or flow) measurement of fluid,
such as fluid flow mto (e.g., inspiration} or out of {e.g., expiration) the patient lung. Inan
example, the indication of pressure evolution can be related to a static (or non-flow)
measurement of fluid, such as an indication associated with pressure evolution from a patient
holding an mhbaled breath (o.g., a held breath).

{0028]  Respiration can include a physiological process where an organism, such as a
human, can extract oxygen from the environment, such as by inhaling a gas mixture including
ambient air into a lung of the human. In an example, respiration can include receiving a
breath, such as can include the act of breathing, Breathing can include a passive process,
such as at least one of inspiration or expiration through a combination of at feast ong of
relaxation of the respiratory muscles or the elastic recoil of the lungs and thorax, The volume
of the lungs can dictate the inspiratory volume (e.g., the inhaled breath) a patient can receive
within the hungs, such as inspiratory volume can be refated o at least one of the elasticity of
fang tissue or the vohume of the thoracic cavily,

{0029]  FIG. 1 shows an cxample of an apparatus 100, such as to sense an indication of
pressure evolution response in a patient lung. The apparatus 100 can include control circwiry
120 and, optionally, a sensor 130, such as connected to the control circuitry 120 with a
connector 140, In an example, the apparatus 100 can include control cireuttry 120 configured
to receive patient data, such as patient data related to a physiological parameter of a patient
melading an indication of pressure evolution from the patient, and process the patient data,
such as to process the indication of pressure evolution response to form a lung biomarker. In
an example, the apparatus 100 can include the sensor 130, such as the sensor 130 configured
to sense patient data, such as an indication of the patient lung, including an indication of
pressure evolution response from the patient, and the control circuiiry 120, such as
configured to receive and process the indication of prexsure evolntion from the sensor 130,
f0030]  The control crrcuttry 120 can facilitate and coordinate operation of the apparatus
100, 1o an example, the control circuitry 120 can be coupled to, such as in at least one of
mechanical or electrical communication with, the sensor 130, In an example, mechanical
commumnication can include the apparatus 100, such as where the sensor 130 can be atiached
to the control circuitry 120, In an example, clectrical communication can inchude the transfer
of patient data sensed by the sensor 130, such as representing an indication of pressure
evolution response, to the control circuitry 120, such as through the connector 140, In an

example, the connector 140 can include at least one of a wired connection, sach as patient
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data can be transferred from the sensor 130 to the control circuitry 128 with a wire, ora
wireless connection, such as electronic hardware wiihzing a Wi-Fi or other wireless protocol
to transfer data from the sensor 130 to the control circuitry 120

j0031]  The control circuitry 120 can include an input device 512, such as configured to
allow a user to mteract with the apparatus 100, In an example, a user can include at least one
of a patient, a patient caregiver, a health professional, or a non-person, such as a computing
machine 3} or a data storage device.

[0032]  The input device 312 can be configured to receive patient data. In an example, the
tnput device 512 can include a graphical user mterface (GUI), sach as configured io receive
patient data from the user including information related to at feast one of basic system
functionality {e.g., start/stop of apparatus 100), an indication of user preference, such as a
level of patient comfort during operation of the apparatus 100, or an indication of patient
health history. In an example, the input device 312 can include an electronic interface, such
as 1o receive patient data from at least one of a sensor 130 configured to contemporaneously
sense patient data from the patient and transfer the patient data to the input device 512, or a
data storage deviee, such as configured to transfer patient data previously sensed from the
paticnt and stored on the data storage device to the control cireuitry 120,

{0033}  The control circuilry 120 can include a processing module, such as a
progranunable contral processing unit (CPU). The CPU can execute an instryction, such as
one Or moTe mstructions, to implement a method of using the apparatus 100, such as to
compare patient data as described elsewhere in this application. In an example, the CPU can
be a component of a computing machine, such as a compuoting machine 300,

{0034  The CPU can be configured to process received patient data, such as patient data
received from the input device 512, to form an indication of & lung biomarker. An indication
of a hung biomarker can include at least one of a Group 1 lung biomarker, such as an
tngdication of patient health history, a Group 2 fung biomarker, such as an indication of a
dyunamic characteristic of the patient lung, or a Group 3 lung biomarker, such as an indication
of a viscoelastic characteristic of the patient lung.

[8038]  The CPU can be configured to process an indication, such as an indication of a
lung biomarker, or to generate an indication of an index, such as a lung ndex configured to
characterize the staie or condition of the patient lung. A lung index can include a composite
mndicator of patient lung condition, such as described elsewhere in this application.

[8036]  The control circuitry 120 can include a storage device 322 {o monitor and record
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patient data, such as an indication of at least one of a lung biomarker or a lung index. The
patient data, can be monttored and recorded by the storage device 322 for g period of time,
such as for a period of scconds, minutes, hours, days, vears, or for the hifetime of the patient.
{0037]  The control circuitry 120 can include a power source, such as to supply electrical
energy to the apparatus 100, In an example, the power source can include at least one of a
battery, such as a lithiwn fon battery, or & transformer, such as to receive power from a wall

outlet for use in the apparatus 100 at a specified voltage and current.

Biomarkers

{0038] A biological marker {or a blomarker) can include an indicator, such as a subjective
or objective indication of patient health. In an example, a biomarker can include an
indication of patient lung health, such as a lung biomarker selected as an indication of the
health condition of a patient tung at a selected point in time. The lung biomarker can be
processed from patient data sensed from a patient at periodic intervals, such as at least at one
of daily, weekly, monthly, or vearly intervals. The lung biomarker can be compared, such as
to monitor the patient lung condition or to enable a patient diagnosis based upon objective
criteria. In an example, the patient lung biomarker can be compared to patient data, such ag
the patient lung biomarker can be compared to patient lung biomarker data collected
previously from the same patient to monitor progression of a tung condition, or population
data, such as the patient hung bromarker can be compared to lung biomarker data collected
from others different than the patient, such as to provide an indication of at least one of
patient prognosis for a treatment regimen or epidemiological data for public health
assessment,

[0039] A lung biomarker can include a Group 1 lung biomarker, such as health history
data of a patient. Health history data can mform a patient health assessment, such as 1o
provide context for monitoring of patient lang health over an extended period of time,

[0048]  Health history can include an indication of an objective diagnostic measure, such
as to characterize the patient condition.  An objective diagnostic measure can inchude at least
one of height, weight, blood-oxygen level, or systemie blood pressure including systolic and
diastolic blood pressure. In an example, an objective diagnostic measure can also include an
indication of one or more metrics associated with the use of spirometry and imaging, such as
to stratify classes of patients including COPD patients, an indication of a Tiffencan-Pinelli

index {e.g., FEV1 ratio}, an indication of positive end-expiratory pressure (e.g., PEEP), or an
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mdication of patient respiratory tidal volume.

[0041]  Health history data can include an indication of a subjective diagnostic measure,
such as to characterize the patient condition. A subjective diagnostic measure can include at
least one of a pationt complaint, sach as a patient statement regarding past or present general
health condition or past or present lung condition. In an example, a statement of health
condition can include an observation, such as “shortness of breath”, “persistent cough™,
“dizziness when [ stand™. A subjective diagnostic measure can include the timing of the
patient complaint, such as whether the patient complaint pertains to an acute event lasting
hours or days, or a chronic event lasting days, weeks, months, or years. A subjective
diagnostic measure can include an observation of the patient by another user, such as a
medical professional. In an example, an observation can include a present-sense abservation

o

of a patient health condition, such as a user observation that an observed patient “is

[

wheezing™ or “appears to be in pamn” during physical exertion.

fO042]  Health history data can be collected, such ax with at least one of a written
questionnaire answered by the pationt or a verbal interview, such as with a health
professional.

j0043]  Health history data can be processed, such as to prepare the data for further
analysis, In an example, the health lustory data can be stored, sach as in at least one of an
analog format including paper records or a digital format including an electronic record, In
an example, health history data can be organized to allow for an objective scale to be applied
to the health history data for inclusion or use in another metrie, such as a lung index metric,
An objective scale can include a numerical scale, such as a numerical scale to quantify (or
normalize) a patient response for comparison with another patient response. In an example, a
mumerical scale including delineations of 17, 27, %37, “4” and 5" can be applied to a

(3!7

patient response to the question, “how are vou feching today?”. For example, a patient
response of “feeling bad”™ can be assigned a value of =17, such as to indicate a lower bound of
paticot condition, a patient response of “feeling good™ can be assigned a valoe of 57, such as
to indicate an upper bound of patient condition, and a patient response other than “feeling
bad” or “fecling good™ can be assigned a value between 17 and *57, such as to locate the
response relative to the lower and upper patient condition bounds,

[0044] A lung biomarker can include a Group 2 lung biomarker, such as a dynamic lung
charactesistic of the patient.

{0451 A dynamic lung characieristic can include a dimensional measurement of the long
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that can change over time, such as with patient respiration. A dynamic lung characteristic
can include an mdication of patient lung displacement, such as an indication of a change in
displacement between two landmarks on the patient lung. A hung landmark can inclode any
selected location on the patient lung that can be monitored, such as located or “tracked”, over
a pertod of time, such as with a sensor 130, In an example, the indication of a change in
displacement can include at Ieast one of an indication of a change in distance, an indication of
a change in velocity, or an indication of a change in acceleration. A dynamie hung
characteristic can inchude an indication of patient lung volume, such as an indication of a
change in displacement between two or more landmarks on the patient lung. In an example,
the indication of a change in volume can include at least one of an indication of a change in
distance between the two or more landmarks defining the volume, an indicalion of a change
in velocity of the two or more landmarks, or an indication of a change in acceleration of the
two or mere landmarks,

[0046]  The dynamic hung charactenistic can be collected or otherwise received from the
patient, such as with a sensor 130 integrated mito a sensor system,

{80471 The sensor 130 can include a pressure sensor, such as a pressure sensor system. In
an example, the sensor can iwclude a mouthpiece 210 with an integrated pressure sensor, such
as described clsewhere in this application. The pressure sensor can be configured fo sense an
mdication of the patient hung, such as an indication of pressure evolution in the patient fung.
In an example, the indication of the patient tung can include a pressure-time {or P-T) curve,
such as related to pressure evolution in the lung associated with at least one of a dvoamic {or
flow ) measurement of pressure, such as during patient respiration, or a static (or non-flow)
measurement of pressure, such as related to a patient held breath for a period of time.

[0048]  FIG. 2 shows an example sensor 130, such as a mouthpiece 210 including an
optional volumetric mflator 215, The pressure sensor can be mcluded n or attached to the
mouthpiece 210, such as to sense pressure evolution in the patient mouth or respiratory tract,
fn an example, the mouthpiece 210 can be configured or shaped, such as o locate the
pressure sensor at a selected location i the patient mouth, respiratory tract, or lung.

[8049]  The volumetric inflator 215 can optionally be attached to the mouthpiece 210, such
as to introduce a selected volume of air into the patient respiratory tract, such as to sense an
tndication of pressure evolution in the patient lang subject to a known inflation volume. The
volumetric inflator 215 can be used optionally with the mouthpiece 210, such as a surrogate

ventilation device when patient vohumne mspiration effort 1s insutficient to sense an indication

10
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of pressure evolution in the patient lung. The volumetric inflator 215 can include at least one
of a balloon 220, such as a closed membrane configured to separate a volume 230 enclosed
by the membrane from the surrounding atmosphere, and a relief valve 240, In an example,
the volumetric inflator 213 can include a bellows device. In an example, the volumetrnic
mflator 215 can be located i conunication with the patient mouth, such as
communication with the mouthpiece 210, and compressed. such as to by force fluid from the
volume 230 into the patient lung to provide postiive pressore ventilation and expand the
patient tung. Expansion of the patient lung can assist in sensing & patient data, such as an
tndication of pressure evolution in the patient lung. In an example, the fluid in the volume

30 can include a gascous fluid, such as at feast one of ambieat air or a fluid with a

%

composition other than ambient air, such as a composition sclected to treat the patient lung or
assist in sensing an indication of pressure evolution in the patient Jung. The relief valne 240
can be configured to close during compression of the volumetric inflator 2135, such as to foree
fluid into the patient hung, and open during rarefaction of the volumetric mflator 215, such as
to atlow a fluid to flow mto the volume 230 including from the surrounding atmosphere, such
as to prevent negative pressure ventilation of the patient.

[0030]  The seasor 130 can include at keast one of an ulirasonic sensor, such as an
ulfrasonic sensor system associated with use i sonography, or an X-ray sensor, such as an X-
ray sensor system associated with radiography. The ultrasound sensor or the X-ray sensor
can be configured {o sense patient data, such as an indication of lang displacement including
a change of distance between two landmarks on the patient lung. The indication of
displacement can be related to pressure evelution in the lung associated with at least one of a
dyvnamic {or flow) measurement of pressure during patient inspiration or expiration or a static
{or non-flow) measurement of pressure. In an example, the indication of lung displacement
can be combined with other information, such as an estimate of patient lung elasticity, to
estimate a change in lung pressare with respect to time, such as to generate a P-T curve or
similar metric.

{0051]  The sensor 130 can include an MRI sensor, such as an MR sensor system
associated with use in medical imaging. The MRI sensor can be configured to sense an
indication of the patient lung, such as an indication of displacement including a change of
distance between two landmarks on the patient lung. The mdication of displacement can be
related to pressure evolution in the lung associated with at least one of a dynamic (or flow)

measurement of pressure during patient inspiration or expiration or a static {or non-flow}
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measurement of pressure. n an example, the indication of displacement can be combined
with other information, such as an estimate of patient lang elasticity, to estimate a change in
hung pressure with respect to time, such as {o generate a PAT curve or similar metric, or a
change in lung volume with respect to time,

[0052]  The dynamic hang charactenistic data can be processed, such as to prepare the data
for further analvsis, In an example, dyvnamic lung chargcteristic data can be stored, such as in
at least one of an analog format including paper records or a digital format incluading an
electronic record, such as to a storage device 522, In an example, dynamic tung characteristic
data can be correlated, such as the dynamic lung characteristic data can be considered as an
mdication of a viscoelastic characteristic of the lung. For example, an indication of
displacement, such as a change in displacement, between two landmarks on a patient fung
due to pressure evolution, such as during a held breath, can be correlated to a characteristic of
the patient fung, such as a viscoelastic characteristic of the patient loang. In an example, one
or more dynamic lung characteristic can be organized for inclusion or use in another metric,
such as a tung index metric.

{80531 A lung biomarker can inchude a Group 3 lung biomarker, such as a viscoelastic
characteristic of a patient lung. A viscoelastic characteristic can describe the property of
tissue, such as at teast one of elastic tissue behavior or viscous tissae behavior, Inan
example, @ Group 3 lung biomarker can mclude a viscoelastic charactenistic, such as a patient
lung viscoelastic parameter (PLVP) incluading a signatare viscoelastic feature.

[0054]  Patient data can be collected from a patient, such as to characterize a patient
physiclogical parameter. In an example, patent data can be collecied by a survey, such as by
asking a question of the patient and recording the patient response,

{I0SS]  In an example, patient data can be collected with a sensor 130, such as with a
sensor 130 integrated into a sensor system as described elsewhere in this apphication. In an
example, the sensor 130 can include at feast one of a pressure sensor systemn, an pltrasound
system, an MRI system, or an X-ray systen.

{0056]  Patient data collected with the sensor 130, such as a pressure sensor system, can
inchude an indication of a physiological parameter, such as an indication of a change in
patient lung pressure related to a held breath sensed in a paticnt over a period of time. In an
exanple, an indication of change in patent lung pressure over time can include a pressure
versus time (or P-T) curve.

{0871 FIG. 3 shows an example P-T curve, such as representing pressure evolution in a
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patient respiratory tract. In an example, the horizontal axis can represent time and the
vertical axis can represent pressure, such as lung pressure magnitude. The P-T curve can be
characterized by an indication of a physiological parameter, such as at least one of an
tnglication of peak pressure 310 {or Pp), an indication of asymptotic pressure 312, an
mdication of fractional relaxation 314, an indication of a time-constant 316, or an indication
of degree of model non-linearity 318,

[BOS8]  Patient data can be “reduced™ or corvefit with a mathematical (or math} model,
such as to generate a value for one or more mode! parameter variable (MPV) to characterize
the patient data. A math model can be used {o define or deseribe a lung biomarker, such as
an MPV value to characterize at least one of a Group 2 lung biomarker or a Group 3 lung
biomarker, An MPV can include a variable in a math model, such as the value of the variable
that can define a curve to curvefit the patient data. In an example, a math model can include
a rheological math model inchuding at least one of a Fractional Standard Linear Solid model,
a Maxwell model, or a Kebvin model. In an example, an indication of an MPV value can
represent an indication of a PLVP, such as an indication of patient lung viscoelasticity.
{8059 In an example, an exponential decay model, such as a hnear first-order ordinary
differential cquation defined by a time constant parameter, can be apphed to patient data,
The collected patient data can be processed, or otherwise curvefit to approximate a “best-fit”
curve to identify a value for the time constant parameter, such as to characterize the collected
patient data. In an example, a best-fif characterization can include identitying a value for an
MPYV, such as an MPV selected to minimize error between the mathematical model and the
collected data, such as using a least squares error metric. The value of the fime constant
parameter, such as resulting from curve fitting the mathematical model to the collected
patient dala, can represent a PLVP, such as an indication of patient lang viscoelasticity
estimated from the exponential decay model. Referring again to FIG. 3, the PLVP, such as
estimated from the exponential decay model, can inchude a viscoelastic characteristic of the
paticnt lung, such as to characterize the viscoelastic chavacteristic of the “bulk”™ or “whole
organ’.

[8066] A PLVP can include an indication of peak pressare (Pp). such as an inspiratory
peak pressure assoctated with a patient held breath in a P-T curve. In an example, Pp can be
tnereased for a patient, such as with the use of the optional volumeiric inflator 213,

[061] A PLVP can include an indication of fractional relaxation of the patient lung, such

as an indication of fractional relaxation formed Gom mformation in a P-T curve, The
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fractional relaxation can include a ratio, such as the ratio of peak pressure to a selected
asymplotic value. In an example, the selecied asymptotic value can mclade the sensed
pressure from the P-T curve, such as at a selected time after peak pressure.

j0062]  The wdication of fractional relaxation can be influenced by the data examined,
such as the value of an indication of fractional relaxation can be affecied by the portion of the
P-T curve examined during a curve-fit.  In an example, a value of an indication of fractional
relaxation can be estimated at a selected tune, such as one or more selected fimes, associated
with the P-T curve measurentent, such as to obtain a value for an indication of fractional
relaxation at the one or more selected times. For example, a user can estimate a value for an
mdication of fractional relaxation at a selected time of at least one of 1 second after peak
pressure (Pp), at 5 seconds after Pp, at 10 seconds after Pp, or at 20 seconds after Pp, such as
o characterize the patient hung for use as an indication of a lung biomarker.

[0063] A PLVP can include an indication of percent relaxation of the patient lung, such as
a percentage indication of fractional relaxation. In an example, 8 value for percent relaxation
can be formed by multiplyving fractional relaxation by 100, such as to generate a percentage
Jevel of peak pressure to the selected asymptotical value.

[0064] A PLVP can include an indication of a time constant, such as 8 time constant
associated with an exponential decay model. In an example, a math model, such as a
fractional standard Iinear solid model, can be used 1o 1dentify an indication of a lung
biomarker, such as (o characterize a patieni P-T curve with at least one of a “solid-like”
contribution metric and a “fluid-like™ contribution metric. In an example, the contribution
metrics can be characterized with a standard exponential model, such as a model described
with a model parameter inchuding at least one of a base, an exponent (¢.g., a power of the
base}, or a coefficient (e.g., a gain applied to the base), where a value of the model parameter
can serve as an indication of a hug biomarker.

[0065] A PLVP can include an indication of non-hincarity, such as for patient data where
least squares ervor associated with a linear math model can be reduced by applying a non-
linear math model. In an example, the example of the indication of fractional relaxation
ifluenced by the data examined (sec above) can be described by an exponential decay model
characterized by a non-linear time constant, such as an indication of non-linearity can include

a metric to describe the non-linearity of the time constant.,
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Lung Iadex

{0066] A lung biomarker, sach as one or more lung biomarkers, can be combined, such as
to form a lung index. A tung index can include a composite indicator, such as a combination,
at feast in part, of onte or more hung biomarkers that can form an improved monitoring or
diagnostic tool as compared to the constitaent lang biomarkers alone, such as to characterize
the patient lung.

{80671  One or more lung biomarkers ean be collected, sueh as into a group of tung
biomarkers that bave a common characteristic. As such, a set of appropriately grouped
biomarkers can be used, such as by a medical professional to predict or diagnose a potential
hung condition in a patient,

[0008]  In an example, a Group 1 lung biomarker, such as describing a patient health
history, can be considered at least one of a present or lagging indicator for a lung condition.
For example, an objective diagnostic measure, such as blood-oxygen level, or a subjective
diagnostic measure, such as a patient statement of present health condition, can indicate the
presence or progression of a lung condition, such as in a patient with a history of a lung
condition,

[0069]  In an example, a Group 2 lung biomarker, such as describing a dynamic lung
characteristic of a patient lung, can be considered a present or leading indicator for a lung
condition, Changes in lung displacement, such as between two lung landmarks, or changes i
lung volwme can, in some cases, signal the presence of a lang condition. For example, a
decrease in lung displacement or lung volume, such as signaled by patient exercise
infolerance or direct measurement of the patient with a sensor 130, can indicaie the presence
of a potential lung condition, such as in a sedentary patient.

[0074]  In an example, a Group 3 lung biomarker, such as describing a viscoclastic
charvacter of a paticnt hung, can be considered a present or a leading indicator for a fung
condition. Subtle changes i viscoclastic behavior of patient lung tissue at the molecular
level can, in some cases, anticipate pathological progression of a lung condition. For
example, a decrease in patient lung viscoelasticity, such as compared to the general
population, can indicate the presence of a potential lung condition, such as in an
asymptomatic patient.

f0071]  The lung index can include, at least in part, g long biomarker, sach as a lung
biomarker from at least one of the Group 1 lung biomarker, the Group 2 lung biomarker, or

the Group 3 lung biomarker. In an example, the lung index can include, at least in part, a
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hung biomarker selected from cach of the Group 1 lung biomarker and the Group 2 lung
biomarker. In an example, the lung index can include, at least in part, a lung biomarker
selected from each of the Group 1 lung biomarker and the Group 3 lung biomarker. In an
example, the lung index can include, at least in part, a lung biomarker selected from each of
the Group 2 lung biomarker and the Group 3 tung biomarker. In an example, the lung index
can include, at least in part, a lung biomarker selected from cach of the Group 1 lung
biomarker, the Group 2 hung biomarker, and the Group 3 fung biomarker.

Methods

{00721 FIG. 4 shows an example method 300 for using an apparatus, such as the apparatus
100, 1o monitor a patient, such as to monitor a lung condition of the patient. The apparatus
100 can melode contrel civeuntry 120, such as conirol cireuitry configared to receive patient
data related to a patient and process the received patient data, such as to form at least one of a
tung biomarker or a lung mdex. A method, such as the example method 400, can be
embodied m one or more data structures or instructions, such as implemented on a computing
machine 500. In an example, patient data can inclade an indication of a physiological
parameter, such as an indication of a lung biomarker from the patient, or an indication of
paticnt health hustory,

{00731 At 403, a patient can be received, such as by a medical professional to assess the
patient lung. Receiving a patient can include at least one of oxamining the patient, such as to
screent the patient for a lung condition, diagnosing the patient, such as to deliver a
recommendation as to the probability of a lung condition based on data available to the
medical professional, or monitoring the patient, such as to assess the progression of a
previously diagnosed lung condition by comparison of present patient data, such as an
mdication of a present hung index score, to previous patient data, such as an indication of a
hung mdex score from a previous encounter.

[0074] A1 405, patient data can be collected, such as for use as g lung biomarker.
Collecting patient data can include as least one of receiving contemporaneons patient data,
such as patient data collected from the patient upon recetving the patient, or receiving stored
patient data, such as patient data collected prior to receiving the patient.

[0078]  Collecting patient data can include interviewing the patient, such as to collect
health history data from the patienf. In an example, collecting patient data can include
collecting Group 1 lung biomarker data from the paticat.

{0761 Collecting patient data can include processing collected health history daty, such as
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to form a lung biomarker. In an example, processing can include applying an objective scale
to health history data, such as a numernical scale of 1 to 5 to form an indication of a lung
biomarker. In an example, processing health history data can melude forming a lang index,
such as at least in part from an indication of the lung biomarker.

{80771 Collecting patient data can include sensing an indication of a dynamic lung
characteristic from the patient, such as a dimensional measurement of the lung that can
change over fime. In an example, collecting patient data can inchude collecting Group 2 tung
bromarker data from the patient.

[078]  Collecting patient data can include processing an indication of & dynamic lang
characteristic from the patient, such as to form a lung biomarker. In an example, processing
patient data can include estimating the lung biomarker, such as from a dynamic lung
characteristic. In an example, processing an indication of a dynamic lung characteristic can
tnclude correlating an indication of a dynamic lung charactenistic, such as an indication of a
change in distance between two landmarks on a patient lung due to pressure evolution during
a held breath, with a characteristic of the patient lung, such as a viscoelastic characteristic of
the patient fung. In an example, processing patient dats cap include forming a lung index,
such as at least in part from an indication of a dynamic lung characteristic,

{0079 Collecting patient data can melude sensing an indication of a viscoelastic
characteristic from a patient lung, such as to form a lung biomarker. In an example collecting
patient data can include collecting Group 3 lung biomarker data from the patient.

[0086]  Collecting patient data can include processing an indication of a viscoelastic
characteristic from a patient lung, such as to form the lung biomarker. In an example,
processing an indication of a viscoclastic characteristic can include generating a model
parameter variable (MPV) from a math model, such as to estimate an indication of a lung
biomarker. In an example, the MPV can include a patient lung viscoelastic parameter
{(PLVP), In an example, processing pationt data can include forming a tung mdex, soch as at
least in part from an indication of a viscoelastic charactenstic of the patient lung.

{0811 At 415, patient data can be compared, such as to identify a difference between a
first patient data set and a second patient data sef. Comparing patient data can allow a user,
such as a medical professional, to observe a change in one or more lung biomarkers, such as
to indicate the presence of a lung condition in the patient.

{0082  Comparing patient data can include forming a metric, such as a composite metrie

to characterize a patient lung condition based at least in part on one or more hung biomarkers.
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In an example, the composite metric can mclude a lung mndex, such as at least one of selected
hung bromarkers or an arrangement of patient data contigured 1o indicate a patient risk for a
hung condition, such as indicative of an mereased or decreased risk of the presence of a lung
condition.

{00831 Comparing patient data can include comparing deta from the same patient, such as
to forin a frst example of a lung Index. In an example, a fivst patient data set, such as a
collected from a patient at a {irst time, and a second patient data set, such as collected from
the patient at a second time, can be compared, such as to identify a change in one or more
tung biomarkers that can be indicative of patient lung health. For example, a user can
compare a baseline biomarker value, such as collected and processed from a previous visit of
the patient to the medical professional, with a subsequent bromarker value, such as collecied
and processed during a visit contemporancous with the comparison to the baseline biomarker
value, such as to indicate the presence of a lung condition in the patient.

[0084]  Comparing patient data can include comparing a patient data set to a “nominal”
patient data set, such as to form a second example of a lung index. A nominal patient data set
can include a composite patient data set, such as a data set formed from epidemiological data
and configured to represent the characteristics of a nominal {or average) patient. Inan
example, a fivst patient data set, such as collected {rom a patient, and a second patient data
set, such as a nominal patient data set, can be compared, such as to identify a deviation in the
{irsi patient data set with respect to the nominal patient data set, sach as to indicate the
presence of a lung condition in the patient.

{0085]  Comparing patient data can include applying s mathematical operationio a
biomarker, such as one or more biomarkers in g patient data set, such as to form a third
example of a tung index. In an example, 2 mathematical operation can include at feast one of
addition, subtraction, multiplication, division, or a combination of operations.

[0086]  Inspection of individual hung biomarkers, such as independent inspection for
changes in at least one of a present indicator (or Groap 2 fung bromarker) or a leading
mdicator (or Group 3 lung biomarker), can result m an indehinite finding {e.g., weak signal}
of a lung condition, such as when the changes are of small magnitude as compared to the lung
biomarker level. However, a mathematical combination of individual lung biomarkers can
magnify information contained within the one or more indication of present and leading
mdicators, such as to clarify a finding (e.g., strong signal) of a lung condition. In an example,

dividing a Group 3 lung biomarker value {leading indicator) by a Group 2 lung biomarker
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value (preseat indicator) can result in a ratio, such as an example of a fourth lung index. For
example, a fourth lung mdex greater than 1, such as indicating a greater difference belween a
first and second Group 3 lung biomarker than between a first and sccond Group 2 tung
biomarker, can indicate an increased risk for g long condition, such as a ung condition i an
asymptomatic patient.

{00871 Comparing patient data can include diagnosing a patient lung condition, such as in
an asymptomatic pattent. The use of af least one of a leading indicator, such as a Group 3
hung biomarker, or a present indicator, such as a Group 2 lung biomarker or a Group | lung
biomarker, can improve diagnosis of a lung condition i a patient. Correlating expertmental
data, such as from a clinical trial, with a selected combination of one or more Jung
biomarkers, such as forming a lung index, can assist a medical profession in patient
diagnosis, such as to distinguish a first suspected lung condition from a second suspected
lung condition. In an example, diagnosis of a lung condition i an asymptomatic patient can
afford options to the patient, such as to initiate a therapeutic regimen to treat the hing

condition,

Computing Machine

fOUS8]  FIG. § illusirates a block diagram of an example machine 300 upon which any one
or more of the techniques (e.g., methodologies) discussed herein may perform. Inan
embodiment, the apparatus 100 communicates with the machine 500 {e.g., a server machine)
which may be used to receive patient data, such as from the sensor 130, process patient data,
such as to form at least one of a lung biomarker or a lung index, and execute the framed
models and provide the motion controls based on inferred intended movement, according to
the contextual data. The machine 300 may be a local or remote computer, or processing node
i an on-the-go (OTGY device such as a smariphone, tablet, or wearable device. The machine
300 may operate as a standalone device or may be connected (2.g., networked) to other
machines. In an embodiment, the machine 300 may be directly coupled or be integrated with
the apparatus 100, In a networked deployment, the machine 500 may operate in the capacity
of a server machine, a client machine, or both m server-chient network environments. In an
example, the machine 500 may act as a peer maching in peer-to-peer (P2P) (or other
distributed) network environment. The machine 500 may be a personal compater (PC), a
tablet PC, a set-top box (STB), a personal digital assistant (PDA), a mobile telephone, a web

apphance, a network router, switch or bridge, or any machine capable of executing
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mstructions (sequential or otherwise) that specify actions to be taken by that machine.
Further, while only a single machine is ilustrated, the tenm “machine”™ shall also be taken to
mclude any collection of machines that ndividaally or jointly execute a set {or multiple sets)
of fnstractions to perform any one or more of the methodologies discussed herein, such as
clond computing, sofiware as a service {(SaaS), other computer cluster configurations.

{0089]  Examples, as described heren, may include, or may operate by, logic or a number
of components, or mechanisms. Circuitry is a collection of circwits implemented in tangible
entities that melode hardware (e.g., simple circuits, gates, logic, gte.). Circuitry membership
may be fexible over time and underlying hardware variability. Circuitries iclade members
that may, along or in combination, perform specified operations when operating. In an
example, hardware of the circuitry may be immutably designed to carry out a specific
operation (¢.g., hardwired). In an example, the hardware of the circuitry may include variably
connected physical components {e.g., execution units, transistors, simple circuits, etc.)
mnchiding a computer readable medium physically modified {(e.g., magnetically, electrically,
moveable placement of invartant massed particles, ete.) to encode wstructions of the specific
operation. [n connecting the physical components, the underlying electrical properties of a
hardware constituent are changed, for example, from an insulator to a conductor or vice
versa, The insiructions enable embedded hardware (e.g., the execution units or a loading
mechanism} to create menthers of the circuitry i hardware via the variable connections to
carry out portions of the specific operation when in operation. Accordingly, the computer
readable medivm is communicatively coupled to the other components of the circuitry when
the device is operating. In an example, any of the physical components may be used i more
than one member of more than one circuitry. For example, under operation, execution units
may be used in a Hrst circuit of a first civcuttry at one point in time and reused by a second
cireutt in the first cirenitry, or by a third cirouit 1n a second eircuitry at a different time.
[0098]  Machine {e.g., computer system) 300 may include a hardware processor 302 (e.g.,
a central processing unit (CPLIY, a graphics processing unit (GPUD, a hardware processor
core, or any combination thereof), a mam memory 504 and a static memory 506, some or all
of which may communicate with cach other via an interhink (e.g., bus) 330, The machine 300
may further include a display unit 510, an input device 512, such as at least one of a
keyboard, a graphical user intertace (GUT), or an electronic interface, such as to receive a
signal from a sensor, and a user interface {(UT) navigation device 514 {¢.g., a mouse). In an

example, the display unit 310, mput device 512 and Ul navigation device 514 may be a touch
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screen display. The machine 500 may additionally include a storage device (e.g., drive unit)
522, a signal generation device 518 {e.g., a speaker), a network interface device 320, and one
or more sensors 516, such as a sensor 134, a global positioning system {GPS) sensor,
compass, accelerometer, or other sensor. In an example, sensors 516 including sensor 130
may include wearable or pon-wearable sensors, such as described clsewhere in this
application. The machine 500 may include an output controller 528, such as a sertal (e.g.,
universal serial bus (USB), paraliel, or other wired or wireless {e.g., infrared (IR}, near field
conymunication {NFC), ote.) connection to communicate or control one or more peripheral
devices {e.g., a printer, card reader, etc. ).

{0091]  The storage device 522 may include a machine readable medium 308 on which is
stored one or more sets of data structures or mstructions 324 {e.g., software) embodying or
utilized by any one or more of the techniques or functions described herein. The nstructions
324 may also reside, completely or at least partially, within the main memory 504, within

2 execution thereof by the

pec)

static memory 306, or within the bardware processor 502 durin
machine 500. In an example, one or any combination of the hardware processor 302, the
main memory 344, the static memory 306, or the storage device 516 may constitute machine
readable media,

{60921  While the machine readable mediom 508 is illustrated as a single medium, the term
"machine readable mediom™ may include a single medivm or multiple media (e.g., a
centralized or distributed database, or associated caches and servers) configured to store the
one or more nstructions 524

{00931 The term “machine readable medium™ may include any medium that is capable of
storing, encoding, or carrying instructions for execution by the machine 500 and that cause
the machine 500 to perform any one or more of the techniques of the present disclosure, or
that 1s eapable of storing, encoding or carrying data structures used by or associated with such
tnstructions, Non-linuting machine-readable medium examples may include sohd-state
memeories, and optical and magnetic media. In an example, a massed machine-readable
medium comprises a machine readable medium with a plurality of particles having invartant
{e.g., rest) mass. Accordingly, massed machine-readable media are not transifory propagating
signals. Specific examples of massed machine readable media may include: non-volatile
memory, such as semiconductor memory devices (e.g., Electrically Programmable Read-
Only Memory (EPROM), Electrically Erasable Programmable Read-Only Memory

{EEPROM)) and flash memory devices: magnetic disks, such as mternal hard disks and
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removable disks; magneto-optical disks; and CD-ROM and DVD-ROM disks.
[0094]  The instructions 524 may further be transmiited or recetved over @ commanications

network tmcluding an interhink 330 using a transmaission mediom via the network interface
device 320 utilizing any one of a nuntber of transfer protocols (o.g., frame relay, internet
protocot (IP), transamssion control protocol {TCP), pser datagram protoco] (LIDP), hypertext
transfer protocol {HTTP), ete.). Example communication networks may inclode a local area
network {LAN), a wide area network (WAN}, a packet data network (e.g., the Infernet),

mobile telephone networks (e.g., cellular networks), Plain Old Telephone (POTS) networks,

and wireless data networks (e.g., Institute of Electrical and Electronics Engineers (IEELE)
802.11 family of standards known as Wi-Fi®, [EEE 802.1¢ fanuly of standards known as
WiMax®), IEEE 802.15.X family of standards, peer-to-peer (P2P) networks, among others.

!

In an example, the network interface device 520 may include one or more physical jacks
{e.g.. Ethernet, coaxial, or phone jacks) or one or more antennas to connect to the
communications network 326, In an example, the network interface device 520 may include a
plurality of antennas to wirelessly conumunicate using at least one of single-taput moiuple-
output {SIMO), multiple-input muliiple-output (MIMO), or multiple-input single-output
{MISO) technigues. The term “transmission mediam™ shall be taken to wclude any intangible
medium that is capable of storing, encoding or carrying instructions for execution by the
machine 500, and includes digital or analog communications signals or other intangible
medium to facilitate communication of such software.

[0095]  The technigues described herein are not limited to any particular hardware or
software configuration; they may {ind applicability in any computing, consumer electronics,
or processing envirenment, The technigues may be implemented in hardware, software,
{inmware or a combination, resulting in logic or circurtry which supports execotion or
performance of embodiments deseribed herein.

[0096]  For simulations, program code may represent hardware using a hardware
description language or another finctional description langnage which essentially provides a
model of how designed hardware 1s expected to perform. Program code may be assembly or
machine language, or data that may be compiled or inferpreted. Farthermore, it 1s common in
the art to speak of software, in one form or another as taking an action or causing a result.
Such expressions are merely a shorthand way of stating execation of program code by a
processing system which causes a processor to perform an action or produce a result,

{0971 Each program may be implemented i a lngh-level procedural, declarative, or
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object-oriented programming language to communicate with a processing system. However,
programs may be implemented 1n assembly or machine language, if desired. In any case, the
Janguage may be compiled or interpreted.

[0098]  Program instructions may be used to cause a general-purpose or special-purpose
processing system that 1s programmed with the instructions to perform the operations
described herein. Alternatively, the operations may be performed by specific hardware
components that contain hardwired logic for performing the operations, or by any
combination of programmed computer components and custom hardware components, The
methods described herein may be provided as a computer program product, also described as
a computer or machine accessible or readable medium that may include one or more machine
accessible siorage media having stored thereon msiructions that may be used to program a
processing svstem or other electronic device to perform the methods.

[O0991  Program code, or instructions, may be stored in, for example, volatile or non-
volatife memory, such as stovage devices or an associated machine readable or machine
accessible medinm including solid-state memory, hard-drives, floppy-disks, optical storage,
tapes, flash memory, memory sticks, digital video disks, digital versatile dises (DVDs), ete.,
as well as more exotic mediums such as machine-accessible biological state preserving
storage. A machine readable medium may include any mechanism for storing, {ransmitting,
or receiving information in a form readable by a machine, and the medivm may include a
tangible medium through which electrical, optical, acoustical or other form of propagated
signals or carrier wave encoding the program code may pass, such as antennas, optical fibers,
communications interfaces, ete. Program code may be fransmitted in the form of packets,
sertal data, paraliel data, propagated signals, ete., and may be used in a comprassed or
encrypted format.

{80166} Program code may be implemented 1 programs executing on programmable
machines such as mobile or stationary computers, personal digital assistants, smart phones,
mobile Internet devices, set top boxes, cellular telephones and pagers, consumer electronics
devices {including DVD players, personal video recorders, personal video plavers, satethite
receivers, stereo receivers, cable TV receivers), and other electronic devices, each including a
processor, volatile or non~volatile memory readable by the processor, at least one input
device or one or more output devices. Program code may be applied fo the data entered using
the input device to perform the described embodiments and to generate output information.

The ouipat information may be applied to one or more output devices. One of ordinary skil
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in the art may appreciate that embodiments of the disclosed subject matter may be practiced
with various computer system configurations, inclading multiprocessor or multiple-core
processor systems, minicomputers, mainframe computers, as well as pervasive or mimature
computers or processors that may be embedded into virtually any device. Embodiments of the
disclosed subject matter may also be practiced in distributed computing environments, cloud
envIroIments, peer-to-peer or networked microservices, where tasks or portions thereof may
be performed by remote processing devices that are linked through a communications
network.

{00101} A processor subsystem may be used to execute the instruction on the machine~
readable or machine accessible media. The processor subsystem may include onge or more
processors, each with one or more cores. Additionally, the processor subsystem may be
disposed on one or more physical devices, The processor subsystem may include one or more
specialized processors, such as a graphics processing unit (GPU), a digital signal processor
{DISP), a field progravamable gate array (FPGA), or a fixed function processor.

{0102]  Although operations may be described as a sequential process, some of the
operations may in fact be performed in paraliel, concurrently, or in a distributed environment,
and with program code stored locally or remotely for access by single or multi-processor
machines. In addition, in some embodiments the order of operations may be rearranged
without departing fron the spirit of the disclosed subject matter. Program code may be osed
by or in conjunction with embedded controllers.

[00103]  Examples, as described herein, may include, or may operate on, circuitry, logic or
a number of components, modules, or mechamisms, Moduoles may be hardware, software, or
firmware conmunicatively conpled to one or more processors in order to canry out the
operations descrnibed heremn. It will be understood that the modules or logic may be
implemented i a hardware component or deviee, software or firmware running on one or
nore processors, or a combination. The modules may be distinet and independent
components integrated by sharing or passing data, oy the modules may be subcomponents of
a single module, or be split among several modules. The components may be processes
running on, or implemented on, a single compute node or distributed among a plurality of
compute nodes running in paraliel, concurrently, sequentially or a combination, as described
more fully in conjunction with the flow diagrams in the figures. As such, moduoles may be
hardware modules, and as such modules may be considered tangible entities capable of

performing specified operations and may be configured or arranged in a certain manner. In an
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example, circuits may be arranged (e.g., nternally or with respect to external entities sueh as
other cireuits) in a specified manner as a module. In an example, the whole or part of one or
more compuier systens (e.g., a standalone, client or server computer system) or one Or more
hardware processors may be configured by firmware or software (e.g., structions, an
application portion, or an application} as a module that operates to perform specified
operations. In an example, the software may reside on a machine-readable mediam. In an
example, the software, when executed by the underlying hardware of the module, causes the
hardware to perform the specified operations. Accordingly, the term hardware module 18
understood 1o encompass @ tangible entity, be that an entity that is physically construcied,
specifically configured {e.g., hardwired), or temporarily (e.g., transitorily) configured (c.g.,
programmed) (o operate in a specified manner or to perform part or all of any operation
described herein, Considering examples in which modules are temporarily configured, each
of the modules need not be instantiated at any one moment in time, For example, where the
moduies comprise a general-purpose hardware processor configured, arranged or adapted by
using software; the general-purpose hardware processor may be configured as respective
different modules at different times. Software may accordingly configure a hardware
processor, for example, to constitute & particular module at one instance of time and to
constifute a different module at a different instance of time. Modules may also be software or

firmware modules, which operate to perform the methodologies described herein,

Yarious Notes
[00104}] The above description includes references fo the accompanying drawings, which
form a part of the detasled deseription. The drawings show, by way of illustration, specific
embodiments in which the invention can be practiced. These embodiments are also referred
to herein as “examplies.” Such examples can include elements in addition to those shown or
described. However, the present inventors also contemplate examples in which only those
elements shown or described are provided. Moreover, the present inventors also contemplate
examples using any combination or permutation of those elements shown or described (o
one or more aspects thereof), either with respect to a particndar example (or one or more
aspects thereof), or with respect to other examples (or one or more aspects thereof) shown or
described herein,
{IO103]  In the event of Inconsistent usages between this document and any documents so

meorporated by reference, the usage in this docoment controls.
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[O106]  In this document, the terms “a” or “an™ are used, as is common in patent
documents, to include one or more than one, independent of any other instances or usages of
“at least one™ or “one or more.” In this document, the term “or™ 1s used to refer to a
nonexclusive or, such that “A or B” includes “A but not B,” “B hat not A" and “A and B.”
uniess otherwise indicated. In this document, the terms “including™ and “in which” are used
as the plain-English equivalents of the respective terms “comyprising”™ and “wherein.” Also,

19N

i1 the following claims, the terms “including” and “comprising™ are open-ended, that 13, a
system, device, article, composition, formulation, or process that inchudes elements in
addition to those listed after sach a term in a clatm are still deemed to fall within the scope of
that claim, Morcover, in the following claims, the terms “first,” “second,” and “third,” etc.
are used merely as labels, and are not intended to impose numerical requirements on their
obiacts.

{0107} Geometrice terms, such as “parallel”, “perpendicular”, “round™, or “sgoare”, are not
mntended to require absolute mathematical precision, unless the context indicates otherwise.
Instead, such geometric terms allow for variations due to manofacturing or equivalent
functions, For example, if an clement is described as “round™ or "generally round,” a
component that is not precisely aircudar (e.g., one that is slightly oblong or ts & many-sided
polygon} is still encompassed by this description.

{00108]  Method examples described herein can be machine or computer-tinplemented at
least in part. Some examples can include a compuier-readable medium or machine-readable
medium encoded with instructions operable 1o configure an electronic device to perform
methods as described in the above examples. An implementation of such methods can
mchude code, such as microcede, assembly language code, a higher-level language code, or
the hike. Such code can include computer readable instructions for performing various
methods. The code may form portions of computer program products. Further, in an
example, the code can be tangibly stored on one or more volatile, non-transitory, or non-
volatife tangible computer-readable media, such as during execution or at other times.
Examples of these tangible computer-readable media can include, but are not Himited to, hard
disks, removable magnetic disks, removable optical disks {e.g., coimpact disks and digital
video disks), magnetic cassettes, nemory cards or sticks, random access memorics {RAMs),
read only memories (ROMs), and the ke

[O109]  The above description is intended to be illustrative, and not restrictive. For

example, the above-described examples (or one or more aspects thereof} may be osed in
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combination with cach other. Other evabodiments can be used, such as by one of ordinary
skill in the art upon reviewing the above description. The Abstract is provided to comply
with 37 C.F.R. §1.72(b), to allow the reader to quickly ascertain the natwre of the technical
disclosure. It 1s submitted with the understanding that it will not be used to interpret or linut
the scope or meaning of the claims. Also, in the above Detailed Description, various features
may be grouped together to streamline the disclosare. This should not be mterpreted as
intending that an wnclatmed disclosed feature 1s essential to any claim. Rather, inventive
subject matter may lie in less than all features of a particular disclosed embodiment. Thus,
the following claims are hereby meorporated into the Detailed Description as examples or
embodiments, with cach claim standing on its own as a separate embodiment, and it is
contemplated that such embodiments can be combined with each other in various
combinations or pernuations. The scope of the iInvention should be determined with
reference to the appended claims, along with the full scope of equivalents to which such

claims are entitled.
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THE CLAIMED INVENTION IS:

I An apparatus to assess a patient lung, comprising:
control circuitry configured to process a lung biomarker from patient data and
generate a lung index based at least in part on the hang biomarker to characterize the patient

lung.

2. The apparatus of claim 1, wherein the lung biomarker includes at least in part at least
one of a Group | biomarker including a patient health history, a Group 2 biomarker including
a dynamic lung characteristic, or a Group 3 biomarker including a viscoelastic characteristic
of the patient lung,

3. The apparatus of claim 2, wherein the lung biomarker includes an indication of the

Group 3 biomarker.

4. The apparatus of claim 2, wherein the hung index includes at least m part at least one
biomarker selected from the Group 1 biomarker and at least one biomarker selected from the

Group 2 biomarker.

3. The apparatus of claim 2, wherein the lung index includes af least in part at least one
biomarker selected from the Group 1 biomarker and at feast one biomarker selected from the

Group 3 biomarker.

6. The apparatus of claim 2, wherein the lung index includes af least in part at least one
biomarker selected from the Group 2 biomarker and at feast one biomarker seleeted from the

Group 3 biomarker.
7. The apparatas of claim 2, wherein the lung index includes at least in part at least one
biomarker selected from the Group 1 biomarker, at least one biomarker selected from the

Giroup 2 biomarker, and at least one biomarker selected from the Group 3 biomarker.

8. The apparatus of claim |, further comprising a sensor configured to sense an

indication of the patient lung.
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9. The apparatas of claim 8, wherein the indication of the patient lung includes an

idication of a viscoclastic parameter of the patient lung.

10.  The apparatus of clamm 8, wherein the sensor includes a pressure sensor configured 1o

senge an indication of an inhaled breath,

11, The apparatus of claim 8, wherein the sensor ncludes an vltrasonic sensor configured
to sense an indication of distance between a first location on the patient lung and a second

locatton on the patient fung.

12, The apparatus of claim 8, wherein the sensor mcludes a magnetic resonance imaging
{MRI} system configured to sense an indication of distance between g first location on the
paticat lung and a second location on the patient hang.

13, The apparatus of claim 7, wherein the sensor includes an X-ray system configured to
sense an mdication of distance between a first location on the patient lung and a second

location on the patient tung.

14, The apparatas of claim 1, wherein the control circuitry inclades a central processing

unit (CPU) configured to form the lung biomarker from a mathematical model.
15, The apparatus of claim 1, wherein the control etrcuitry includes a central processing
unit {CPU) configured to estimalte the lung biomarker at least in part from an indication of
hung displacement.
16. A method for pulmonary monitoring, the method comprising:

non-flow measurement of pressure evolution from an individoal holding an inhaled

breath.

17.  The method according to claim 16, further comprising:
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determining based on the measured pressure evolution a heath state of lungs of the
mdividual, and wherein the health state of the tungs of the individual includes normal tung

function and abnormat hung function.

18, The method according to claim 17, wherein the health state of the hungs of the
mdividual 1s the abnormal lung function, the method further comprising:

determining between different types of the abnormal hung function.

19, The method according to clamm 18, further comprising:

continuously monitoring the abnormal fung function for discase progression.

20, The method according to claim 16, wherein the individual holds their breath for as

long as possible.

21, The method according to claim 16, further comprising:
analyzing a decrease of pressure over time from the recorded pressure measurements

with rheological models to generate a lung biomarker.

22, The method according to claim 21, wherei iemarker includes at least one of ar
22 The method according to claim 21, wherem lung biomarker includes at least one of an
mdication of peak pressure, an indication of asymptotic pressare, an indication of fractional
relaxation, an indication of degrees of non-linearity, an indication of a time-constant, or an

tndication of solid versus fluid proportional response.

23, The method according to claim 22, wherein the lung biomarker is a biomarker of

disease manifesiation.

24 The method according to claim 16, wherein the measured pressure evolution of the
fixed volume of air is & measurement of non-flow lung properties, the non-flow properties

being viscoelasticily defined as the time (viscous) and streteh (elastic} dependency of lung

function.
25, A mecthod to assess a patient fung, comprising:

recetving patient for a lung assessment; and
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processing a lung biomarker from a first indication of the patient lung to generate a

{irst lung index to characterize the patient lung at a first measurement time.

26.  The method of claim 25, comprising processing the lung biomarker from a subsequent
indication of the patient long o generate a subsequent lung wndex to characterize the patient

lung at a subsequent measurement time different from the first measorement time,

27, The method of claim 25, comprising comparing the first lung index to the subsequent

tung mdex to detect a difference between the first lung index and the subsequent lung index.
28, The method of claim 25, comprising comparing a first sabsequent lung mdex o a
second subsequent lung index to detect an incremental difference between the first

subsequent tung index and the second subsequent tung index.

29, The method of claim 26, comprising diagnosing a lung condition based on the

difference between the first lung index and the subsequent lung index.
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