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(57) Abstract: An apparatus assesses a condition of a patient. The
apparatus may contain a patient interface for communicating atreat-
ment generated by arespiratory treatment apparatus to the respiratory
system of apatient. The apparatus may also include a sensing module
containing one or more electrochemical sensors to sense chemicals in
exhaled breath in real time, or over an extended period of time. The
apparatus may aso include one or more collectors to accumulate a
breath condensate over an extended period of time. The sample col-
lectors may contain an absorbent material, and may also be adapted
for replacement within a sensing module. The absorbent material may
also include a preservative for preserving a chemical component of
the breath, such as an analyte of the exhaled breath. The technology
may provide treatment recommendations based on the detected con-
dition of the breath condensate or the chemical components thereof.
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RESPI RATORY TREATMENT SYSTEM
I NCLUDI NG PHYSI OLOG CAL SENSORS

CROSS REFERENCE TO RELATED APPLI CATI ONS

[ 0001] This application clains the benefit of the filing date
of United States Provisional Patent Application No. 61/577,343
filed Decenber 19, 2011, the disclosure of which is hereby
i ncorporated herein by reference. '

FI ELD OF THE TECHNOLOGY

[ 0002] ' The present t echnol ogy rel ates to °physiological
detectors such as cheni cal sensor s, bi ochemi cal sensors or
sanple collectors that nmay be suitable for detecting conditions
of a patient such as from breath, saliva or perspiration.
Exanpl e enbodi ments may be incorporated with conponents of
respiratory treatnment apparatus, such as a pressure treatnent
mask or other patient interface.

BACKGROUND OF THE TECHNOLOGY

[ 0003] Different forms of respiratory treatnent exist for the
di fferent respiratory rel ated condi tions. One form of
respiratory t r eat nent t her apy, typically for patients W th
obstructive sleep apnea (OSA), is continuous positive airway
pressure ( CPAP) applied by a blower (conpressor) via a
connecting hose and nmask. The positive pressure may be used to
prevent collapse of the patient's airway duri ng inspiration,

thus preventing recurrent apnoeas or hypopnoeas and their
sequel ae. Such a respiratory treatnment apparatus can function
to generate a supply of clean breathable gas (usually air, wth
or wthout supplenental oxygen) at the therapeutic pressure or
pressures that may <change to treat different events but my
remain approximately const ant across a given cycle of the

patient respiration cycle (i.e., inspiration and expiration) or
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may be reduced for <confort during each expiration (e.g., Dbi
| evel CPAP)

[ 0004] Mechani cal ventilators may also provide respiratory
treat nent. Mechani cal ventilators nay be used to treat patients

who are incapable of spontaneous respiration due to traumm,
pat hol ogy or bot h.

[ 0005] Respiratory t reat ment appar at uses may typically
include a flow generator, an air filter, a mask or cannul a, an
air delivery conduit connecting the flow generator to the mask,
various sensors and a m croprocessor-based controller. The flow
generator may include a servo-controlled nmotor and an inpeller.
The flow generator may also include a valve capabl e of
di schargi' ng air to the atnosphere as a nmeans for altering the

pressure delivered to the patient as an alternative to notor

speed control. The sensors nmeasure, anongst other things, notor
speed, gas volunmetric flow rate and outlet pressure, such as
with a pressure transducer, flow sensor or the Ilike. The
apparatus rmay optionally include a hunmidifier and/ or heat er
el enent s in the path of the air delivery circuit. The

controller my include data storage capacity wth or wthout

integrated data retrieval/transfer and display functions.

[ 0006] Patients undergoing therapy wth respiratory treatnent

apparatuses often suffer? from other physiological condi ti ohs or
di seases which require nonitoring, and in sone cases treatnent.

In the case of ventilator dependent patients, they often present

with - nultiple co norbidities and dre difficult to manage
clinically. These patients are often non anbulatory, further

increasing the severity of their conditions.

[ 0007] Sensors, (e.qg. bi ochemi cal sensors) for det ecti ng
various analytes have been devel oped. Many di sease processes
create by products, which my be elimnated from the body
t hrough, anmong other things, expiration and perspiration. These

2
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by products, nmay be in the form of volatile organic conpounds
(VOCs) in the breath, or other types of analytes in the breath,
saliva or perspiration. El ectr ochemi cal sensors have Dbeen
devel oped to detect various analytes in the breath of a patient.

[ 0008] As denonstrated by the present technol ogy, there may
be a need for inprovenent of respiratory treatnment apparatuses
for nonitoring patient conditions.

BRI EF SUVMARY OF THE | NVENTI ON

[ 0009] In accor dance Wi th an aspect of t he pr esent
technology, a patient interface system is provided for delivery

of a supply of breathable gas to the airways of a patient during

sl eep.

[ 0010] In accor dance Wi th an aspect of t he pr esent
t echnol ogy, an apparatus is provided for treatment .of sleep

di sordered br eat hi ng.

[0011] In accor dance Wi th an aspect of t he pr esent
t echnol ogy, a patient interface system is provided that is
adapt éd to retain a portion of an exhaled breath.

[0012] In accor dance Wi th an aspect of t he pr esent
t echnol ogy, a patient i nterface system is provi ded t hat
conprises an adsorbent material.

[0013] In accor dance Wi th an aspect of t he pr esent
t echnol ogy, a patient i nterface system is provided t hat
conprises an absorbent material.

[ 0014] In accordance with one form of the present technol ogy,
a mandi bul ar . advancenent devi ce (MAD) |, or °~ mandi bul ar
repositioning device (MD) , or other dental orthosis conprises a
sanpl e c;ol lection structure or sanmple collection chanber.

[ 0015] In accor dance Wi th an aspect of t he pr esent
technol ogy, an apparatus for treati n‘g sl eep disordered breathing
is provided t hat is adapted to collect and/ or det ect t he

presence of compounds in the exhaled breath of a patient.

3
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[ 0016] In accor dance W th an aspect of t he pr esent
technol ogy, an apparatus for treating sleep disordered breathing
is provided t hat is adapted to collect and/or detect t he
presence of conpounds in the exhaled breath of a patient
i ndi cative of cancer

[0017] In accor dance W th an aspect of t he pr esent
technol ogy, an apparatus for treating sleep disordered breathing
is provided that is adapted to detect whether the patient also
has di abetes.

[ 0018] In accor dance W th an aspect of t he pr esent
technol ogy, an apparatus for treating sleep disordered breathing
is provided that is adapted to detect -whether the patient also
has netabolic digestion
[0019] In accor dance W th an aspect of t he pr esent
technol ogy, an apparatus for treating sleep disordered breathing
is provided that is adapted to detect whether the patient also
has oxidative stress.

[ 0020] In accor dance W th an aspect of t he pr esent
technol ogy, an apparatus for treating sleep disordered breathing
is provided that is adapted to detect whether the patient also
has ast hna.

[ 0021] In accor dance W th an aspect of t he pr esent
technol ogy, an apparatus for treating sleep disordered breathing
is provided that is adapted to detect whether the patient also
has COPD.

[ 0022] " In accor dance W th an aspect of t he pr esent
technol ogy, an apparatus for treating sleep disordered breathing
is provided that is adapted to detect whether the patient also
has cardi ac autohonic control

[ 0023] In accor dance W th an aspect of t he pr esent

technol ogy, an apparatus for treating sleep disordered breathing
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is provided that is adapted to detect whether the patient also
has bronchitis. »

[ 0024] In some enbodinments of the present t echnol ogy, an
apparatus may be configured for assessing a condition of a
patient. The apparatus mamy contain a patient interface, and the
interface may be used for comunicating a treatnment generated by
a respiratory treatnent apparatus to the respiratory system of a
patient. The apparatus may also contain a sensing nodule that

may be adapted for renovabl e coupling with the patient

interface. The sensing nmodule my include a collector to
accunul ate exhaled breath that is exhaled to the patient
i nterface. In sone enbodinents, the sensing nmodule of the

technology nmay also include a plurality of sanple collectors.

The sanple collectors may contain an absorbent material, and may
also be adapted for replacemrent wthin a sensing nodule. In
sone enbodi nents of the technology, the collector may contain an
absorbent material, the absorbent material may also include a
preservative for preserving an analyte - collected from the
exhal ed breath. In sone enbodinents, the technology " may also

include a sensing nodule that includes an el ectrochem cal sensor

configured to sense a chemical in breath condensate accunul ated
by a collector of the present technol ogy. The sensing nmodul e of

the present t echnol ogy may al so i ncl ude a plurality of
el ectrocheni cal sensors. ‘

[ 0025] In some enbodinents, the present technology may also
include a respiratory treatnent apparatus wth a flow generator

and a controller, including at I|east one processor. The
controller <controls the flow generator to generate a pressure

treatment to the patient interface. In such an enbodi nent, t he
technology may also include an electrochem cal sensor configured

to sense a chemical accunulated by the collector and generate a

signal indicative of a chem cal of a collector. Furt her nore,
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such an enbodiment nmay include a controller that may be coupled
with the sensor and the processor and be configured to.store a
nmeasure derived from the signal. In yet another enbodinent, the
sensor of the present technology may be integrated along with a
housing of the flow generator, and may also conprise an
el ectrocheni cal sensor.

"[0026] In sonme enbodinments, a processor nmmy be configured to
synchronize an activation of the electrochem cal sensor with an
expiratory phase of a detected breath cycle. The processor nmay
also be configured to activate the electrochenical sensor after
a set period of tine. Such a set period of time may conprise a
nunber of treatnent sessions with a respiratory t reat ment
apparatus, and may also conprise a breath cycle count. .The set
period of tine may also conprise a tinmed period of use of the
respiratory treatnment apparatus. In sonme such enbodinents, a
collector of the sensing nobdule may include a variable aperture
controlled by the processor. In such an enbodinent, t he
processor may be configured to synchronize an openi ng of the
variable aperture with an expiratory phase of. a detected breath
cycl e. In yet another enbodinent of the present - t echnol ogy, .the
processor may be configured to open the variable aperture for a
set period of tine. Such a set period of time may conprise a
breath cycle count and/ or a timed period of wuse of the
respiratory t reat ment appar at us. A set period of tine,
according to sonme such enbodinents may also include a nunber of
treatment sessions with the respiratory treatnent apparatus.
[0027] In sonme enbodiments, the processor may also be
configured to conpare a neasure derived from the signal and a
threshold val ue. The processor may also be configured to
generate a warning based on a conparison of a neasure derived
from the sigvnal and a threshold val ue. Furt her nore, in some

enmbodi ment s, the processor may be configured to detect a
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guantity of an analyte from exhaled breath. Such enbodi nents
may also contain a sensing npdule having one or nore sensors
such as a peroxide sensor, a nitrous oxide sensor, an acetone
sensor, a carbon dioxide sensor, a pH sensor, a glucose sensor,
and/or a lactate sensor.

[ 0028] In sone enbodinents of the present t echnol ogy, an

apparatus is configured for assessing a condition of a patient.

The apparatus may include a patient interface configured .to
direct a flow of breathable gas. It may further include a flow
generat or adapted to couple with the patient interface. The

flow generator nmay be further adapted to generate a flow of
br eat habl e vgas to the patient interface. The apparatus may also
include a controller including at |east one processor. The
processor nmay be configured to control d pressure treatnent

pr ot ocol with the flow generator. The apparatus my also
include a sensing nodule containing at |east one electrochem cal

sensor. The sensing nodule nmay be adapted for renpvable
coupl i ng' with the patient interface and include a collector to
accurmul ate exhaled. breath condensate that is exhaled to the
pati ent i nterface. The el ectrocheni cal sensor may also be
configured to sense a chem cal accumulated by the collector and
generate a signal indicative of a chemcal of the collector. In
such enbodi nents, a controller may be coupled with a sensor and
processor thereof, and may be configured to store a neasure
derived from the signal. Optional ly, the sensing nodule may
also include a plurality of sanple collectors wherein such
sanple collectors may contain an absorbent material and may also
be adapted for replacenment within the sensing modul e. In such
an enbodi nent, t he absorbent mat eri al may also include a
preservative for preserving an analyte collected from the

exhal ed breath.
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[ 0029] Optionally, such  enbodi nents may al so i ncl ude a
sensing nmodule having one or nore sensors of the follow ng
sensors: a peroxide sensor, a nitrous oxide sensor, an acetone
sensor, a carbon dioxide sensor, a pH sensor, gl ucose sensor,

and/or a lactate sensor. The processor nmay also be configured
to synchronize the activation of one or nore of the sensors of
the sensi ng nmodule with an expiratory phase of the detected
breath cycle. A processor of such enbodinents nmay also be
configured to activate one or nore of the sensors of the sensing
module after a set period of tine. Such a set period of tine
may be a nunber of treatnent sessions wth the respiratory

treatment apparatus, and/or may also be a breath cycle- count.

Such a set period of time may be a tine period of use of the
respiratory treatment apparatus.

[ 0030] In sonme such enbodi nents, a collector may also contain
a sensing nmodule wth a variable aperture controlled by the
processor. Such a processor may be configured to synchronize an
opening of the variable aperture wth an expiratory phase of a
detected breath cycle. In such an enbodinment, the processor may
be configured to open the aperture for a set period of tine.

Such a set period of tine may include a breath cycle count or a
time period of use of the respiratory apparatus and/or a nunber
of treatnment sessions wth the respiratory treatnent apparatus.

A processor of the present technology may also be configured to
conpare a measure derived from the signal and a threshold value..
The processor nmay also be configured to generate a warning based
on a conparison of a neasure derived from the si gnhal and a
t hreshold val ue. Such an apparatus nmay also be configured to
detect a quantity of an analyte from exhaled breath.

[ 0031] Sonme exanples of the present technology nmay include an
apparatus for assessing a condition of a patient. The appar at us

may include a patient interface, the interface for comunicating
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a treatnent generated by a respiratory treatnment apparatus to
the respiratory system of a patient. The patient interface my
include a sensing nodule configured as a collector to accumulate

saliva or rmucus that is in contact with the patient interface.

In some cases, the sensing nmodule my: - further i nclude an
el ectrocheni cal sensor, the electrochem cal sensor configured to
sense a chenical in saliva or nucus accunul at ed by the
col l ector. In some such cases, the patient interface nmay

conprise a nasal cannula and the sensing nmodule nmay conprise at
| east one prong of the nasal cannula to contact nmnucosa.

[ 0032] Sone exanples of the present technology nmay include
apparatus for assessing a condition of a patientr The apparat us
may include a mandibular advancenent devi ce. The mandi bul ar
advancenent device may include a sensing naterial. The materi al
may be configured as a collector to accumulate saliva that is in
contact with the nandi bular advancenent device. In some cases,
the mandi bul ar advancenent device further include. a collection
chanber .

[ 0033] Various aspects of the described exanple enbodinents
may be conbi ned with aspects of certain ot her exanpl e
enbodi ments to realize yet further embodiments.

[ 0034] Qher features of the technol ogy will be apparent from
consideration of the information contained in the followng
detailed description, abstract, drawings and clains.

BRI EF DESCRI PTI ON OF THE DRAW NGS

[ 0035] FIG 1 is a block -diagram of an exanple respiratory
support system wherein the physiol ogical sensor (s) ‘are added on

to the system as an accessory or attachnent;

[ 0036] FIG 2 is a block diagram of an exanple respiratory
support system wherei n t he physi ol ogi cal sensor (s) are
i ntegrated;
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[ 0037] FIG 3 i's an exanple respiratory treatnment apparatus
wi th physiological sensor (s)y and a controller;

[ 0038] FIG 3A is a left side view of an exanple respiratory
mask with a breath collection device;

[ 0039] FI G 4 is front view of a representation of a
physi ol ogi cal sensor;

[ 0040] FI G 4A is a top view of a physiological sensor
contained in a sensor housing;

[ 0041] FI G 4B is a top down view of a sensor housing
containing two physiological sensor (s);

[ 0042] FI G 4C is a top down view of a sensor housing
containing three physiol ogical sensor (s);

[ 0043] FI G 4D is a top down view of a sensor housi ng
contai ning four physiol ogical sénsor (s);

[ 0044] ‘FIG 5 is an exanple nasal respiratory treatnent nmask
with integrated physiological sensor (s);

[ 0045] FI G 6 is an exanple nose and nmouth respiratory
treatnent mask with integrated physiological sensor (s);

[ 0046] FIG 6A is an exanple nmask, as‘seen in FIGS. 5 and s,
which contains a sensor attached to the underside of the mask
frame;

[ 0047] FIG 6B is an exanple mask, as seen in FIGS. 5 and s,

which contains two sensors attached to the underside of the nmask

frame;
[ 0048] FIG 7 is a left side view of another respiratory
t r eat nent mask with physiol ogi cal Sensor (s) i nt egrated in a

headgear support for the nmask;
[ 0049] FI G 8 is a right side view of the respiratory
treatnent mask of FIG 7 with' additional physiol ogical sensor (s)

integrated in the headgear support for the nmask;

10
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[ 0050] FIG 9 is a right side view of another respiratory
t r eat ment mask wth a physiological sensor i ntegrated in a
headgear support for the mask; '

[ 0051] FI G 10 is a left side view of the respiratory
treatnent mask of FIG 9 with an additional physiological sensor
integrated in the headgear support for the mask;

[ 0052] FIG 11 is a front view of a respiratory treat ment
mask containing a physiological sensor attached to the end of a
gas delivery tube;

[0053] =~ FIG 12 is a left side view of the respiratory
treatment mask of FIG 11; '

[ 0054] FIG 13 is a front view of a respiratory treatnent
mask containing a physiological sensor attached to the franme -of
t he mask;

[ 0055] FI G 14 is a left side view of the respiratory
treatment mask of FIG 13;

[ 0056] FIG 15 is a front view of a respiratory treatnent
mask containing three physiological sensor (s) attached to the
frame of the mask;

[ 0057] FI G 16 is a left side view of the respiratory

treatment nmmsk of FIG 15;

[ 0058] FIG 17 is a front view of a respiratory treatnent
system in which a physiological sensor is attached to a nasal
cannul a;

[ 0059] FIG 18 is a cross section of a gas delivery tube

containing one or nore physiological sensor (s) on the inside of
t he tube;

[ 0060] FIG 19 is a left side view of a gas delivery tube
with coupling mechanisns for coupling to a physiologi cal sensor;
[0061] FIG 20 is a left side view of a gas delivery tube

with an integral physiological sensor;

11
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[ 0062] FIG 21 is a top view of a gas delivery tube with a
bypass tube and a physiological sensor;

[ 0063] FIG 22 is a cross section of a coupling nmechanism
containing electrical contacts;

[ 0064] FIG 23 is a front view of a respiratory treatnent
apparatus containing a flow generator and pressure sensor;

[ 0065] FI G 24 is a block di agram depi cti ng vari ous
conponents of a controller of the present technol ogy;

[ 0066] FI G 25 is a functional bl ock diagram depicting
vari ous processes perforned by a controller in the present
t echnol ogy; '

[ 0067] FIG 26 is a block diagram depicting a respiratory
support system with a cascading sensor configuration.

DETAI LED DESCRI PTI ON
| NTRODUCTI ON  ( GENERAL) |

[ 0068] The present  technol ogy i nvol ves nmet hods and

apparatuses for providing respiratory treatnent for patients,

monitoring and detecting various physiological characteristics
of a patient, and/or treating the patient according to those
physi ol ogi cal characteristics. A respiratory t r eat ment
apparatus can be of any tS/pe commonly known in the art. These
may include, but are not Ilimted to ventilators, respirators,
conti nuous positive airway pressure (CPAP) apparatuses, bi Ievel

positive airway pressure device (VPAP) and automatic positive

airway pressure apparatuses (APAP) . Respiratory t r eat ment

apparatuses wuseful in the present technology generate breathable

gas for a patient, and may include a flow generator such as a
servo controlled bl ower. The blower wmy typically include an
air inlet and inpeller driven by a motor (not shown) .

[ 0069] Respiratory t r eat ment appar at uses are generally in
fluid communication wth a patient through tubing, and sonme type

of patient interface. Patient interfaces are known to those of

12
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ordinary skill in the art and include, but are not limted to
nasal masks, nose & nmouth masks, full face masks, nasal pillows
and nasal cannulas and the deli \)ery conduits coupled therewth.

The mask or cannula may receive airflow from the patient's

respiratory system via the patient's nmouth and/or the patient's

nar es. The respiratory treatnment apparatus nmay include a vent
to provide an intentional |eak. .
[ 0070] Air is exchanged between a patient and a respiratory

t reat ment appar at us via a gas delivery tube or conduit.
CGeneral ly, the gas delivery tube or conduit attaches to the
respiratory treatnent apparatus at one end, and the patient
interface at the other end.

[ 0071] ' The pr esent t echnol ogy al so enpl oys coupling

mechani sns  which may be inplenented on physiol ogical SEensor (s)

and/or sanple collector, as well as a gas delivery tube, conduit
and/or a patient i nterface. By way of exanple only, t he
coupling nmechanisns nmay include screw threads, hose cl anps,

| ocki ng mechani sms, bayonet nounts and press fit configurations.
The coupling nechanisns my also i nclude electronic contacts or
wiring to allow for the transnission of sigﬁals from the
physi ol ogi cal sensor (s), to the respiratory treatnent device,
and vice versa. Regar dl ess of the structure enpl oyed, t he
coupling nechanism provides a secured connection for treatnent
while pernmitting an easily renpvable design for nmaintenance or
repl acenent by the patient or health care provider. The present
.technol ogy, because of the coupling nechanisns described herein,
may also include kits to hodse the sensors and/or sanpl e
col l ectors. Thus, these kits nmy contain one or nore
physi ol ogi cal sensor (s) and nay be adapted for coupling wth,
patient interfaces for different types of respiratory treatnent

appar at uses. Simlarly, different kits may provide different

13
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collections of sensors for patients having or at risk for
different conditions.

[ 0072] In accordance with one form of the present technol ogy,
the presence of ketones in exhaled breath of a patient being
treated for sleep disordered breathing is used to detect the
presence of diabetes and/or netabolic digestion in the patient.

[ 0073] In accordance with one form of the present technol ogy,
the presence of acetone in exhaled breath of a patient being
treated for sleep disordered breathing is used to detect the
presence of diabetes and/or netabolic digestion in the patient.

[ 0074] In accordance with one form of the present technol ogy,
the presence of glucose in exhaled breath of a patient being
treated for sleep disordered breathing is used to detect the
presence of diabetes in the patient.

“[0075] In accordance with one form of the present technol ogy,
the presence of insulin in exhaled breath of a patient being
treated for sleep .disordered breathing is used to detect the
presence 'of diabetes in the patient.

[ 0076] In accordance with one form of the present technol ogy,
the presence of one or nore of Leukotriene B4, Interleukin 6 and
H202 in exhaled breath of a patient being treéted for sleep
di sordered breathing is used to detect the presence of one or
nore of oxidative stress, ast hnm, diabetes and COPD in the
pati ent

[ 0077] In accordance with one form of the present technol ogy,
the presence of hs CRP in exhaled breath of a patient being
treated for sleep disordered breathing is used to detect the
presence of cardiac autonomc control in the patient.

[ 0078] In accordance with one form of the present technol ogy,
the pH of exhaled breath of a patient being treated for sleep
di sordered breathing is used to detect the presence of asthna or

bronchitis in the patient.
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[0079] In accordance with one form of the present technol ogy,
the conductivity of exhaled breath of a patient being treated
for sleep disordered breathing is used to detect the presence of
asthma or bronchitis in the patient.

[ 0080] . In accordance with one form of the present technol ogy,
a sensor contacting the skin of the patient is conbined with a
sensor to detect <conmpounds in exhaled breath of the sleeping
pati ent to detect the presence of a disease state, whi |l e
treating the patient for sleep disordered breathing.

[ 0081] Thus, enbodi nent s of the present t echnol ogy may
provide a conprehensive respiratory treatnent system whi ch
includes one or nore physiological  sensor (s) and/ or sanpl e
col l ectors. The physi ol ogi cal Sensor (s) (e.g. bi ochemi cal
SEensors) may be adapted to generate various physiol ogical
signals, such as signals that are representative of analytes or
biomarkers in a patient that may be attributable to patient
breath or perspiration such as breath or perspiration that nmay

be collected with a sanple collector associated with the sensor.

[ 0082] In sonme enbodinents of the technol ogy, one oOr nore
physi ol ogi cal Sensor (s) may be el ectrochem cal Sensors
configured to detect biochem cal analytes in the breath or
perspiration of a patient. Optionally, the signal (s) my be

evaluated by one or nore processors, such as a processor of the
respiratory treatnent apparatus. For exanple, the processor of
t he respiratory . treatnent devi ce may conpare dat a or
nmeasur enent s deri ved from the signal (s) to one or nor e
t hr eshol ds. Suitable thresholds for detection may be detern ned
enpirically such that the conparison nmy be indicative of
different disease conditions or changes in disease conditions
that relate to the detection capabilities of the sensors. Based
on an analysis and control algorithm in the flow generator of

the respiratory treatnent apparatus, detection of VOC, chem cal
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or other analyte levels above a certain threshold or patterns of
~such levels nmay result in a nmessage being generated on a
display, an audio alarm (if acute) recommending to seek nmnedical

hel p. In sone cases, thé information may be transnmitted such as
by wired or wireless comunication to the patient's physician.

In sone enbodinents, and depending on the nature of the detected
condition, the respiratory treatnent apparatus nmy generate or
trigger an automatic energency tel ephone call (e.g., a 911 call)

and play an automated voice message such as with name, address
and detected condition information to request nore immediate
hel p by phone.

[ 0083] Thus, enbodi nment s of the technol ogy may include a

controller wth a processor for receiving and processing the

physi ol ogi cal si gnal s. Such processing nmay include analysis of
bi ocheni cal data obtained ’by t he physi ol ogi cal sensors. Once
the signals ar’e received by the controller, ‘the si gnals nmay be
stored as data, in at least one nmenory. The controller, ‘ whi ch

may also contain at |east one processor, nay utilize the stored
dat a, as well as real time data, to mmke various treatnent
reconmendat i ons or alerts. The analysis controller my be
integrated into the respiratory treatnment system or may be an
add on accessory or attachnment for such an apparatus.

[ 0084] FIG 1 is a block diagram of an exanple respiratory

t r eat ment system representing one enbodi nent of - the present

t echnol ogy. In FIG 1, a pati ent 101, is connected to a
respiratory treatnent apparatus 102, via a patient i nterface
106. The physi ol ogi cal sensor (s) 108, such as a sensor to
detect a substance or chem cal of the breath of a patient, in

this enbodinment may be attached to the patient interface 106 as
an accessory or add on. As shown, physi ol ogi cal sensor (s) 108
may be in electronic conmmuni cati on 109 with respiratory

treatmrent apparatus 102.
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[ 0085] FIG 2 is a block diagram of an exanple respiratory

treatment system representing an alternative enbodiment of the

present technol ogy. In FIG 2, a patient 201 is connected to a
respiratory treatnment device 202 via a patient interface 206.
In this enbodi nent the physiol ogi cal sensor (s) 208 are

integrated within the patient interface 206. The physi ol ogi cal
sensor (s) (e.g. bi ochem cal sensors) 208 are in conmunication
with the respiratory treatnent apparatus 202, via electronic

circuitry 2009.

[ 0086] FIG 3 depicts an exanple of a respiratory treatnent
system Respiratory treat ment appar at us 302 cont ai ns a
controller 308 and a flow generat or 310. Respiratory treatnent

apparatus 302, is connected to tube 304. Tube 304 is in fluid
communi cation with a patient interface 306. Patient interface
306 contains at |east one physiologi éal sensor 312, which is in
el ectronic comunication wth respiratory treatnent appar at us
302 via electronic communication neans.

[ 0087] Qptionally, the respiratory treatnment apparatus 302,

or patient interface 306 rréy also include a drug delivery device
314 for delivering nedication to a patient such as via an -
aerosolized delivery system The drug delivery device rriay be
prefilled with a nedication, specific for a particular patient's

needs. The respiratory t r eat ment system nmy control t he
delivery of the nedication based on specific signals. For
exanpl e, the nedication nmay be stored in an onboard chanber,

within the respiratory treatnent device 302. Upon receiving a
signal from the controller, mnedication my be released from the
chanber, into a conduit (not shown) contained wthin the patient

i nterface 306. This conduit nmay be the same structure as those
typically used in CPAP nachines to deliver humidified air to the
patient. Al ternatively, the nedication may be stored renotely

from the respiratory device in a reservoir contained within the

17



WO 2013/090999 PCT/AU2012/001563

pati ent i nterface. In this instance, an electronic si gnal from
the controller, that nmay be generated in response to an analysis
of a signal ° from physiol ogical sensor 312, may si gnal an
el ectronmechani cal conmponent on the drug delivery device 314 to
rel ease the nedication. In this instance, the nedication my be
rel eased into the stream of air admnistered to ihe pati ent
during the inspiratory phase of respiration. This timng allows
for the medication to aerosolize in the air stream |

PHYSI OLOG CAL SENSORS/ SAMPLE COLLECTORS

[ 0088]  Human breat h cont ai ns many anal yt es, whi ch my be
i ndi cative of . various physi ol ogi cal condi ti ons. For exanpl e,
trace amounts of volatile organic conmpounds may be detected in a
patient's br eat h. The detection of such trace amounts nmay be
i mpl enent ed i n diagnostic t echnol ogi es. Sensors, such as snall

array sensors my be wused to detect one or nore of these

volatile organic conpounds. By way of representative exanpl e,
such sensors nmay be types of nanodetectors, such as those and in
particul ar, i nfrared spectroscopic det ecti on, such as that
devel oped by Applied Nanodetectors. In sone cases, such sensors
may optionally enpl oy netal oxide or "MX" receptors. O her
types of sensors may i ncl ude t hose enpl oyi ng t he use of
spéct roscopic or light analysis, may be useful to sense analytes
such as acetone. In enbodi nents of the present t echnol ogy,
spectroscopic detection my be used in conjunction Wi th an
exter naI‘ , light emtting sour ce. Optionally, such enbodi nents

may be used in conjunction with a sanple- collector as shown in

FI G 3A, such as a collection cani ster 3.50 that may be
attachable to a respiratory pati ent interface 351. For exanpl e,
a collection cani ster may be attachable (e.g., threaded in or
onto) to an aperture of the nmask. The apert ur‘e may be suitably

located with respect to the patient's nares or nouth for the

col l ection of expired breath or perspiration from the skin of
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the patient. The canister nmay be detachable for analysis by a
separate sensor that nmay optionally be integrated wth the
respiratory treatnent device. Thus, in sonme enbodinents, t he
canister may be detached from a canister nmount on a nmask and
attached to a canister nount associated wth a sensor of the
respiratory treatment apparatus for analysis. In such a case,
the canister nount of the msk and respiratory treat nent
apparatus nmay have the same or sinmlar attachnment configuration
(e.g., aperture size and/or coupling nechanism) Al ternatively,
the sanple col | ector or collection cani ster may also be
attachable to a sensor such that both my be nmounted to the
patient interface via the aperture. |

[0089] _ Optional ly, any of the sensors and/ or collectors
described in this specification may be located in or coupled to
an expiratory duct, such as an expiratory duct of a dual-linb
ventil ator, so as to permt, for exanpl e, capturing and/ or
analysis of a whole expiratory breath.

[ 0090] Di fferent Sensors may be enpl oyed in different
enbodi ment s. For exanpl e, detection of increased |levels of
nitrous  oxi dAe in the breath my be indicative ' of chronic
obstructive pulnmonary disease (CoPD) or asthma. Thus, some
enmbodi ment s may en’pi oy a nitrous oxi de  sensor. In sone
enbodi ment s, detection of C02 may be indicative of metabolic or
respiratory alkalosis and acidosis. Increased 002 levels in the
breath rmay dl so indicate diabetes and renal failure. Thus, sone
enmbodi rents nmay enploy a carbon dioxide sensor. Low pH may be
indicative of many disorders, including asthma and acidosis.
Thus, in some enbodinents, a pH sensor may also be inplenmented
to detect pH levels in the condensate of a patient's breath.
Sinmlarly, a detection of increased or existing | evel s  of
peroxide may be apprdpri ate for patients with COPD and asthma to

det ect i nfl ammat i on. Thus, in sone enbodiments a peroxide
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sensor nmay be inplenented. For exanple, an ECoCheck sensor from
Car Rei ner GrbH (www. carl reiner. at) may be inplenented.
Simlarly, a detection of increased or existing | evel s of

|actate my be ‘appropriate for various netabolic conditions.
Thus, in sone enbodinments a lactate sensor may be inplenented.
In sone enbodi nents, a chem cal sensor for detecting ket one
bodies may be utilized.

[ 0091] In yet another enbodinent, at |east one of the sensors

may be inplenented to detect and assess acetone levels in the

br eat h. Acetone levels may be useful in detecting netabolic
conditions such as diabetic ketoacidosis. Optional ly, ot her
el ectrochemi cal sensors my be wused to detect cancer or

gastrointestinal disorders such as H. pylori and irritable bowel

syndronme, for exanple, by detection of one or nore VQOCs.

[ 0092] Exhal ed breath condensate in COPD patients nmay be
acidified, a condition known as acidopnea. Salivary acids and
bases my also be a useful for assessing COPD and other
pul monary i nfl amrat ory di seases such as asthma. The presence of

acidic volatile substances such as NH,* and acetate in saliva my
be indicative of COPD, or other inflamatory conditions of the
pul fmnary system The presence of nonvolatile cations such as K+
and Ca2+ may also prove to be useful di agnostic tool s.

Simlarly, the presence of other acids and bases in saliva could
be indicative of non-pulnonary related -diseases such as GCERD

The technol ogy described herein provides devices and sensors for
detecting and analyzing various salivary acids and bases, as
wel | as other analytes in saliva.

[ 0093] Some enbodi nents of the pr esent t echnol ogy may also be
impl emented with one or nore electrical sensors for obtaining

cardiac signals from a patient. These sensors may be utilized

in any type of cardiac sensing, including electrocardiograns.
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[ 0094] Another type of sensor that my be inplenented in
enbodi ment s‘ of the present t echnol ogy are those used for
monitoring blood gas such as oxygen saturation. For exanple, a
transcut aneous pulse oxineter may be added to the rim of the
mask. In one exanple, pulse oxinetry sensors may be mounted on
the underside of a face mask cushion as depicted in FIGS. 5 and
6.

[ 0095] By way of further exanple, sonme of the sensors of the
present technology may also, or alternatively, be inplenmented to
detect other signals. For exanple, facial electrodes configured
or positioned as previously descri bed herein my also be
i npl enment ed to detect head, face or skin ierrperat ure by
equi pping one or nore electrodes as a facial .contact thermstor.

Simlarly, the electrodes discussed herein may be inplenmented to
‘ det ect head, face or skin inpedance and/ or gal vani ¢ skin
response (skin conductance) . Such signals may then be processed

by the aforenentioned conponents to derive further netrics for
patient analysis.. ‘ For exanpl e, one or nore of the signals
previously nmentioned nmay be processed to assess éyrrpat hetic

activation of the patient.

[ 0096] As illustrated in FIG 4, a physi ol ogi cal sensor (s)
420 or a sanple collector may be self contained. They may al so
be contained in a sensing nodule 421A D. Any suitable
configuration of physi ol ogi cal sensor (s) or sanple collector
within a sensing nodule may be inplenented. FIGS. 4A 4D are

exanpl es of different configurations of physiological sensor (s)
or sanple collector (s) contained wthin a sensing nodule that
vmay optionally include one or nore sensors and/or one or nore
sanple collectors. FI G 4A depicts a sensing nodule 421A
configured to contain one physiological sensor  420A. FIG 4B
depicts a sensing nodule 421B configured to contain t wo

physi ol ogi cal sensor (s) 420B. FIG 4C depicts a sensing nodule
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421C, configured to contain three physiol ogical sensor (s) 420C.

FIG 4D depicts a sensing nodule 421D, configured to contain

four physiological =~ sensor (s) 420D. It is contenplated by the
pr esent t echnol ogy t hat t he sanpl e col l ector or breath
col l ection cani ster may be adapted and integrated into a
respiratory t reat ment system in the same ways as the
physi ol ogi cal SEensor (s) or sensor- nodul e of the present

technology (e.g., as shown in FIGS. 4, 4A 4B, 4C, 4D, 5, 6, B6A
6B and 11 23.)

[ 0097] The vSensi ng nmodule may be confi gu‘r ed to securely hold
or contain physiological sensor (s) and/or sanple collectors such

as one or nore breath collection canisters and provide a

structure for coupling wth a patient i nterface. In sonme
enbodi nent s of the present t echnol ogy, the physi ol ogi cal

Sensor (s) may be renpvable and interchangeabl e within the
sensing nodul e. The physi ol ogi cal sensor (s) may be secur ed
within the sensing nodule by neans including but not limted to
a press fit, or threaded arrangenent. This functionality allows

for the exchange of different sensors wthin a given nodule,

providing a user the ability to use multiple sensors wth one

nodul e. Simlarly, the nmpdule my also permt changing of
sanple . collectors of the nodule. It also nmay provide the
ability to use different conbinations, or types of sensors and
col l ectors, thus enabling a clinician the ability to nonitor

various physi ol ogi cal conditions sinultaneously, depending on
the needs of a patient .. The sensing nmodule nmay have a

configuration to easily secure to, and easily be renoved from a
patient interface. This enbodinent is also useful as it allows
physi ol ogi cal sensor (s) or sanple collectors to be replaced when
they are no longer needed or their useful life has been

exceeded.
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[ 0098] Wiile the sensors and housing nmay be cylindrical as
illustrated in the figures, they may also be any other shape or
size practical for use in the technology (e.g., fits within a
patient interface, gas conduit, or tube)

[ 0099] As previously nentioned, the present technology may be

i npl enented to detect trace analytes over an extended period of

tine. Conditions such as cancer and infections exist that may
yield biomarkers, which nay be detectable in the breath of a
patient. Sone of these biomarkers, or analytes may only be
present in trace anmounts and may be unable to be detected by
sone sensors known in the art. In the present technol ogy, a

col l ection cani ster or nodule may be configured with an
absorbent substance to collect trace analytes over a period of
tinme. Optionally, the absorbent substance may be treated wth

some type of growh medium if the analyte being sanpled is

m cr obi ol ogi cal in nature. The absorbent material nmay also be
treated with a chemcal fixative to preserve any cellular
products for later sanpling or assays, including but not linmted

to nucleic acid anplification assays.

[ 0100] In the present technol ogy, sensing may be conducted
and. analyzed by a processor, such as the controller of a
respiratory treatnent device, in real tine. Certain anal ytes

may be in significant enough quantities to be detected in real

time and processed by the system In contrast, sone analytes
(e.g., immunological markers and pH may only appear in trace
anount s. The present technol ogy provides solutions to this
di chot ony in detection paraneters. For exanpl e, anal ytes
detectable in trace anobunts nmay be collected by the sensing
nodul e, i f the sanple ’ col | ector of the nmask al | ows an
accunul ati on of breath gas or breath condensate. Breath
condensate may include saliva and/or sputum Over a period of
time (e.g., between 12 hours and two weeks) analytes in a
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patient's breath may be collected for analysis. Once collection
is conplete, the analysis } may be conducted wth a sensor
controlled by with the respiratory treatnment system as described
herein, or the sanmple collector may be renoved and analyzed by
anot her devi ce. In some cases, such as in the case of a sensor
having a sanple collector, the sensor nmy have a delayed
detection period controlled by a processor such that the sensor
may be automatically activated by the system after a tined
col l ection period has transpired. Optional ly, the tined
collection period may be associated wth the anmount of use of
the treatnent appar at us (e.g., a time of operation .of the
treatnment apparatus) . Optionally, the tined collection period
may correspond to a nunber of breaths nmade by a patient into a
col l ector. In some cases, the activation of the sensor may be
coordinated wth patient respi‘ ration. For example, the sensor
may be triggered for sensing only during patient expiration.

[ 0101] Simlarly, an access port to a collector or sensor may
be opened only during patient expiration. For exanple, a svarrpl e
collector or sensor may include a variable aperture, such as an

el ectro nechanically controlled collector cover, a vent cover or

shutter. The variable aperture may be controlled by a processor
to open during detected patient expiration, such as by an
analysis of a .flow signal, but close during inspiration.
Similarly, "a conduit to the collector may be controlled to

regulate flow to the collector by a servo nechanical va~I ve.

Optional ly, the opening of the collector or flow to the
collector or sensor may be controlled by a tined operation of
the processor such that it wll be controlled to open at a
certain tinme during treatment and close at a certain tinme during
treat ment. For example, it may be controlled so as to collect a
sanple for a specified period of tinme (e.g., a nunber of

breaths, a nunber of hours or a nunber of treatnent sessions,
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etc.). In sonme cases, the opening and closing lof the sanmple
collector or .activation of sensors may be triggered by detected
conditions such as a particular sleep state. For exanple, the
access port may be controlled to be open during a sleep state
but closed if a patient is in an awake st age. A determ nation
of sleep state may be made by any suitable process but may in
sone enbodi nents be made in accordance wth the sleep condition
detection technologies described in PCT Patent Application No.
PCT/ AU2010/ 000894, filed on July 14, 2010, the disclosure of
which is incorporated herein by reference.

[0102] In some enbodinents, the variable aperture to the
col l ector may be controlled to have a certain collection
behavior (e.g., collection at certain times or events or for a
certain duration) and a sensor configured to sense a chemical of
that collector may be controlled 'by a processor to activate upon
conpletion of the collection period.

[ 0103] In another enbodinment of the technology, the patient
may subscri be to' a service for analyzing the sanple collectors
or collection canisters and absorbent nmaterial. In such a case,
the sanple collector nmay be renobved from the patient interface
after use and transported for analysis.

[ 0104] In sone enbodiments in which a physiological sensor,

including a physiological breath sensor is attached directly to

a gas delivery tube or conduit, the sensor may be adapted to
allow air to flow freely through the sensor, in order to insure
that airflow is not obstructed. For exanple, the sensor nmay be
inserted wthin a conduit for a patient i nterface. In one

exanple, the sensor itself is constructed to permt inspiratory
and expiratory gases to flow freely through the sensor. In
other exanples, the sensor or sensing nodule is configured to
allow respiratory gases to flow through, around or al ong the

Sensors. In some enbodiments, the sensors nmay be configured
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only to have access to expiratory gases, such as by being
inserted in an expiratory conduit. In some such cases, the
sensors  or sanple <collector my be installed wthin a flow
generator portion of the respiratory treatnent apparatus rather

than the patient interface and the expiratory flow my be
directed to the sensor or sanmpl e col | ector t hr ough t he
expiratory conduit from the patient interface.

[0105] In sone enbodinments of the technology, some or all of

t he physi ol ogi cal sensor (s) nmay be designed or integrated wth

suitable structures to ensure proper orientation for
measur ement . For exanpl e, in the case of a respiratory

treat nent devi ce, the sensors my be enbedded, adher ed or
otherwise integrated wth a cushion surface or frame of a
patient interface such as a mask‘ (e.g., a nasal mask, nose and
mouth mask, or full face mask) , nasal prongs or nasal pillows

etc., for a respiratory t reat ment appar at us (e.g., a CPAP
apparatus or ventilator apparatus) . For breath sensing, t he

sensors may be oriented on an internal side of the cushion or
frame proxinate to a patient's nmuth so as to be exposed to
patient exhal ati on gases. In some cases, the sensing nodule may
be positioned directly opposite the patient's nares and/or nouth

within the patient interface. Al ternatively, the sensors may
obtain access to such gases via a conduit or port of the mask or
frame when the sensors are oriented wthin or on an external

'side of the cushion or frane.

[0106] Simlarly, t he physi ol ogi cal sensor (s) may
alternatively or in addition thereto, be integrated wth a
headgear support, such as a strap of a headgear support for the
sensors or a strap of a headgear support for a patient interface

of a respiratory treatnent apparatus (e.g., a nasal nmask, nasal

prongs or full face mask) . In the case of such a sehsor for

detecting breath, a conduit from the mask or prongs may direct a
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portion of exhalation gases to the sensor from the mask or
prongs. Preferably, such integrated sensors may be non contaét

or dry contact electrochem cal sensors. As described further
herein, the sensors may also be electrochem cal sensors adapted
for analyzing saliva and nucus. In a preferred enbodinent, tHe
present technology enploys the use of at |east one breath sensor
to sense or detect analytes in the breath of a patient. However

any of the previously described sensors nmay be inplenented

either independently or in conbination wth nultiple sensors.

Exanples of the integrated sensor enbodinents are illustrated in
FIGS. 5 through 20.

[0107] In FIG 5, a nasal nmask 500 includes a cushion 502
that when worn may be conpressed to t’he face around a patient's

nose for providing a pressure seal for a respiratory pressure
t r eat ment such as a CPAP treatnent for sleep disordered

breathi.ng. Thus, one or nore physiological sensor (s) 512 may be
‘integrated with the cushion 502 or mask franme such that when the
cushion is worn, the sensor (s) has a desired orientation for
direct or indirect skin contact and may optionally form part of
t he pressufe seal of the nask. In the case of a noncontact

sensor, the electrodes may be enbedded in the material (e.g.,

silicone or non-conductive ' polymer) of the cushi on‘such t hat a.
non- conductive materi al por'tion' of the mask cushion that is part

of the pressure seal during use of the mask, lies between the
skin of the patient and the enbedded el ectrode. Optionally, the
wire leads for the electrodes my be routed within or upon a
portion of the patient interface or mask so that the [|eads may
extend to electronically couple with a signal interface of a
processor described herein, such as a processor of a respiratory

t r eat ment devi ce. For exanpl e, these leads my also be
integrated with a breathable gas or airflow conduit that extends

from the patient interface to direct airflow from a flow
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generator of a respiratory treatnent device. For exanple in a
heated air delivery conduit as described in the Assignees

pending US. Patent Application No. 12/847,021 filed July 30,

2010, the disclosure of  which is incorporated herein by
ref er ence.
[0108] FIG 6 illustrates a nose and nouth respiratory nmask

600 to seal airflow or pressure at the nares and nouth of a
patient from respiratory treatment apparatus simlar to the mask
of FIG 5. In this exanple, the one or nore physiological
sensor (s) 612, are integrated wth the mask cushion 602 or mnask
frane. Simlar to the enbodinent of FIG 6, this mask my
optionally be equi‘pped with any selection of one or nore of the
physi ol ogi cal sensor (s) or a sanple collector, such as a breath
noi sture or sweat collection canister described herei n, or known
in the art; In one enbodinent of the present technol ogy, t he
physi ol ogi cal sensor (s) 612 are non-contact el ectrochemni cal
sensors, andb may be used to detect physiological paranmeters such
as pH, tenperature, or other type of analytes detectable in the
skin or perspiration of a patient (e.g., glucose, wurea, etc.).
The sanple collector (s) my also be used to collect saliva from
. a patient.

[0109] In reference to FIGS. = 6A and GB, physi ol ogi cal
sensor (s) 604A, 604B and 604C nay be mounted to the underside of
the frame 619 or 621 of the patient interface 613 or 617,
respectively. Sensors of this type my be integral wth the
frames 619 or 621 (e.g., conposite design) or be adhered using

chem cal "adhesives or bonding agents.

[0110] FI GS. 7 and 8 depict an exanple enbodi nent t hat
enpl oys one or nore physiological sensor (s) integrated wthin
t he héadgear support 716 for the mouth and nose mask 700, in

addition to or alternatively to the sensors of the nmask cushion

or frame as. shown on the nmouth and nose nmask 700. In this
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particular enbodi nent, the physiol ogical sensor (s) 712 A, 712 B,
712 C and 712 D may be integrated with a mask strap of the
headgear support 716 so that the sensors are in contact with or
near the surface of the patient's skin when the mask is worn by
the patient. In this exanple, the sensors are integrated at the
undersi de of the straps. Optionally, a neck electrode 712 E may
be integrated wth the strap for skin contact at or near the
neck, such as the back of the neck strap or neck strap portion
of headgear support 716 as shown in FIG 8.

[0111] In one exanple, the physiological sensor (s) 712 A, 712
B, 712 c, 712 b, and 712 E may be cardiac sensors or electrodes.
In an alternative enbodinent, the physiological sensor (s) 712 A,
712 B, 712 Cc, 712 D, and 712 E may be tenperature sensors. In
yet a further enbodinent, the physiol ogical sen'sor (s) 712 A, 712
B, 712 ¢, 712 b, and 712 E may be sensors which detect

conditions in the body such as blood oxygen levels or chenicals

from the skin or perspiration of a patient. In anot her exanple,
t he physi ol ogi cal sensors may be configured to detect various
analytes in saliva and nmucus. Optional |y, the enbodi ment rmay

enpl oy any conbi nation of these physi ol ogi cal sensors.

[0112] Simlarly, FIGS. 9 and 10 depict a nasal mask sinilar
to the nmask 500 of FIG 5. This exanple enbodi nent enploys one
or nore physiol ogical sensor (‘s) 812A 812B, integrated wth the
headgear support | 814 for the nose mask 800, which . my be in
addition to or alternatively to the sensors of the nask cushion
or franme as shown on nose and  mobuth mask 700. As illustrated,

t he physi ol ogi cal sensor (s) 812A 812B may be int egrated with a
mask strap of the headgear support 814, so that the sensors are
in contact with or near the surface of the patient's skin when
the mask is worn by the patient. In this exanple, the sensors

are also integrated at the underside of the straps.
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[0113] In such an enbodi nment any necessary or desired
addi ti onal electrode (s) my also be integrated on a headgear
support such as described in the FIGS. 7 10, or it may sinply be
in skin contact wth the patient, such as being tenporarily
adhered to a neck of the patient.

[0114] FIGS. 11 and 12 depict an exanple of the technol ogy,

which enploys the use of a physiological breath sensor 850, to
detect anal ytes, <chemical markers and biol ogical markers in a
patient's breath (e.g., N trous Oxide). In the exanple depicted
in FIG 11, the physiological breat h ~sensor 850 (or coll ect or)

is mounted within the patient interface 852. The physi ol ogi cal

breath sensor 850 may be positioned proximate to the nouth to
directly receive the patient's exhaled breath from wthin the
patient interface 852. In this enbodi nent, t he physi ol ogi cal

breath sensor 850 is mounted on one side of the gas delivery
tube or conduit 854, which attaches to respiratory treatnent
appar atus 856. |

[0115] The physi ol ogi cal breath  sensor 850 may also be
adapted to assess sanples of saliva from the patient interface.

These saliva sanples may be analyzed for the presence or absence

of volatile and nonvolatile analytes which my include but are

not limted to NH4+, acetate, K+ and 'Ca2+.

[0116] In some cases, a wicking material could be configured
on the inner surface of at least a portion of a patient
interface 852. The wicking material could be a fabric or stable
medi cal grade fiber or paper, which my be used to line all, or
a portion of the patient interface 852. The fabric, fiber or

paper could be used to absorb saliva sanples from a patient

wearing the patient interface 852. While described herein wth
respect to patient interface 852, the present saliva analysis
technology could be used in any of the patient interfaces, or

physi ol ogi cal sensors described herein.
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[0117] Optional ly, in sone exanpl es of t he present
technology, a saliva collector may be inplemented as a part of a
mandi bul ar  advancenent device, such as a device wrn in the
nmouth for adjusting the position of the jaw and tongue so as to
ease breathing and prevent snori ng. Such a device my
optionally include a wcking material and which may optionally
draw saliva into a chanber of the nandi bular advancenent device
so that the saliva may then be analyzed. .
[0118] FIGS. 13-16 depict further exanples of the present
t echnol ogy. ~In these particular embodi ment s, one or nore
physi ol ogi cal breath sensors 860 and 860A are contained in the
frame 870 and 870A of a respiratory patient interface. Unli ke
the enbodiments depicted in FIGS. 11 and 12, the physiologica
breath sensors 860 and 860A in this exanple are contained wi thin
the frane 870 and 870A of a patient interface 872 and 872A
without being connected to a gas delivery tube or conduit 874A.
The physi ol ogi cal "breath sensors 860 and 860A depicted in this
exanple may be configured to attach to the frame 870 and 870A by
the means described bel ow In sone such cases, the sanple
collector or sensor may be nmounted at an exhaust vent, such as
by overlapping the exhaust vent or a portion thereof. In sone
cases, the controlled opening of a collector or sensor as
previously discussed may allow exhaled air to be vented through
the sensor or collector out of the mask and may thereby increase
the exhaust vent flow of the mask. In some such cases, the
opening of such a collector may be coordinated wth a closing of
a variable area exhaust vent area so as to permt nmaintaining of
a desired Ievei of exhaust flow from the mask or patient
i nterface. Exanpl e variable area exhaust vents and conduits are
described in US. Provisional Patent Application No. 61/534,044
filed on Septenber 13, 2011, the disclosure of which s

i ncorporated herein by reference. In sonme enbodinments, t hese
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vents and/or conduits may be inplenented as a variable aperture
to regulate flow of expired gas and/or condensate to a sanple
collector and/or sensor.

[0119] In anot her enbodi nent , depi ct ed in FIG 17, a
physi ol ogi cal sensor 875 is coupled to a nasal cannula 877, as
part of respiratory support system 876. In such an enbodinent,
the prongs of the nasal cannula may be configured as collector
and/or sensors to detect various analytes in nucus and/or have a
structure and/or material for touching nucosa and/or collecting
mucus during use. For exanple, the nasal cannula 877 may be

conposed at least in part from silicone, which nmay include a

stabilizing mat eri al . A stabilizing subst ance may be
i ncorporated into portions of the cannula, in order to touch
mucosa and/or retain nucus sanples for |ater analysis. In such

exanpl es, the nunber of hours of patient wuse of a cannula, or
use of any other sanple collector or sanple collecting patient

i nterface, may be recorded. For exanpl e, a respiratory

treatment apparatus mmy nmonitor the tinme of use and may even
generate a warning or nmessage for the user when the suitable
sanpl i ng/ use time has been reached. Rat her than discarding  or
washing the cannula or sanple collector at the particular tine
notification, it may be analyzed so as to obtain nucus sanples
from the nasal prongs '~ or- other col |l ector. In such a

confi gurati on, the nasal prongs,' for exanple, nmay be configured

with a hydrophilic mterial, to allow aqueous sanples 'to be
absorbed for analysis. It my also be configured wth a
hydrophobic or Ilipid soluble material, to allow for fats to be

absorbed for analysis.

[0120] Al ternatively, a wcking mterial could be configured
on the cannul a. The wicking material could be a fabric or
stable nedical grade fiber or paper, which may be used to line
all, or a portion of the nasal prongs. The fabric, fiber or
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paper could be wused to collect nucus sanples from a> pati ent
wearing the cannul a.

[0121] Wth respect to the enbodinments referenced above, and
in particular those depicted in FIGS 11 17, one or nore
physi ol ogi cal breath sensors may be attached to the franme of a
pati ent i nterface, a sensing nodule as described above, and
showmn in FIGS. 4 4D In this exanple of the technology, the
sensing nodule would be securely .attached to the respiratory
support interface. The housing may contain the structure and
functi onal i ty, which ‘allow various sensors to be int er changed,
based on patient need, and/or sanples to be collected.

[0122] Exanpl es of the present technology may also be highly
useful in treating patients who are on a ventilator. Venti | at or
dépendent patients, particularly those who require treatnent for
extended periods of time, often have other nmedical conditions
(e.g., diabetes, COPD, congestive heart failure, etc.) which my
pose |life threatening risks. Artificial respiration wth a
ventil ator may require endotracheal t ubes, nasal i ntubation
tubes, and tracheotony tubes (or stonas) .

[0123] In the representative exanples set forth herein, the
present technology nmay be adapted for use with these different
types of wventilators or apparatuses which provide nechanical

respiration.

[ 0124] FIGS. 18 20 depict various exanples of physiological
sensor (s) or sanple collectors integrated wth a gas delivery
tube or conduit, such as on that serves as an expiratory
condui t. FIG 18 is a representation of a gas delivery tube or
conduit  950. In this enbodinent, one or nore physiological

sensor (s) 952 are located on the inside of the conduit itself.
In yet another enbodinent of the present technol ogy, FIG 19
depicts a gas delivery tube or conduit 954A and 954B. Tubes
954A and 954B contain coupling nechanisns 956A and 956B,
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respectively at one end of each tube. These coupling nechanisns
956A and 956B allow the tubes 954A and 954B to attach to a
physi ol ogi cal sensor or sensing nodule  958. In a further
enbodi nent , the physi ol ogi cal sensor or sensing nodule may
contain conpl enmentary coupling nechani sns 957A and 957B for
attaching to coupling nmechanisns 956A and 956B.

[0125] In yet another enbodinment of the present technol ogy,
FIG 20 depicts a gas deli ver’y tube or conduit 980, wth an
i ntegrated physiological sensor 982.

[0126] The present technology also provides a solution for
accessing and changi ng physi ol ogi cal Sensor (s) or sanpl e
collectors <contained wthin a gas delivery tube or conduit,
wi t hout needing to interrupt the flow of air between t he
respiratory t r eat nent appar at us and the patient. FI G 21
depicts a gas delivery tube or conduit 960, with a bypass t ube
962. The gas delivery tube or conduit 960 may be attached at
one end, to patient interface 969, by coupling nechanism 968.
At the other end, gas delivery tube or conduit 960 my be
attached to a respiratory treatnment apparatus 966, by coupling
mechani sm  967. In this enbodinent, the bypass tube 962 is
configured wth two coupling mechanisns, 964 and 9665. The
coupling nmechanisns 964 and 965 attach to a physiol ogical sensor
970, or sensor housing

[0127] During normal operation, closure valves 972A and 972B
may be closed, while bypass closure valves 974A and 974B renain
open. This arrangemnent of wvalves ensure that air exchange
between the patient and the respiratory treatnent apparatus is

only conducted through bypass tube 962, thus allowing for the

physi ol ogi cal sensor 970 to detect analytes from the patient,
and in particular, the patients Dbreath. VWhen access to the
physi ol ogi cal sensor 970 is necessary, closure valves 972A and

972B are opened,’ and bypass closure valves 974A and 974B are
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cl osed. This valve configuration al | ows access to the
physi ol ogi cal sensor 970, while rmaintaining the patency of
airflow between the patient and the respiratory t r eat ment
appar at us. '

[0128] In one form of the present technology, a cartridge is
provided to a patient's nmask, preferably the sane mask that is

used for nasal CPAP treatnent of obstructive sleep apnea. The

cartridge includes an adsorbent material, for exanple, CARBOXEN
(SIGVA ALDRICH) . In use, the adsorbent material is exposed to
volatile conpounds in exhaled breath. After exposure, t he

ca‘rt ridge .may be renoved, and coupled to an analysis system
One form of cartridge conprises a sealing system so that prior
to use, and upon renoval of the cartridge, contamnants are not
i ntroduced. One form of cartridge “contains thermal isolation

and or a cooling system to prevent or reduce |oss of conpounds

from the adsorbent wmaterial prior to analysis. In one form the
cartridge conprises a noisture absorbing material, preferably
the noisture absorbing naterial is renpovable. In use, t he
cartridge is placed in analysis system such as a gas

chromat ograph to detect the presence of the .relevant conpound.
In this way, a patient that is being treated for a sleep
di sorder may. also be nonitored for the present of other
condi tions, such as cancer or di abetes. For exanpl e, t he
patient being treated for sleep apnea may also be nonitored for
| ung cancer.

ELECTRI CAL CONDUI T

[0129] As discussed in detail, the present technology enploys
the use of different types of physiological sensor (s) and in
preferred enbodi nent s, el ectrochen cal Sensors. Mor e
specifically, those el ectrochem cal sensors nmay be wused to
detect chemical analytes in the breath of a patient. As wth
any electronic device, information gathered and transmitted as
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an electronic signal requires an electronic conduit or pathway.
Accordingly, the present technology nmay be configured in various
ways to transmit the electronic signal from the physiological
sensor (s), to the respiratory treatment apparatus.

[0130] The - physi ol ogi cal sensor (s) utilized in the present
technology may have outgoing electronic «circuitry to transmt
signals or data regarding physiological information collection.
The outgoing circuitry nay be configured wth the gas delivery
tube or conduit. A configuration of outgoing el ectronic
circuitry that relies on wires for data transmission is referred
to herein as a "wired solution.”

[0131] However, in sone enbodi nent S, the sensors thenselves
may be inplenented W th conmponent s for transmtting t he
physi ol ogi‘cal signals to the controller or physiological si gnal
detection processor by wreless communication. For exanpl .e, t he

signals interface of the physiologic signal detection processor

or controller may i ncl ude a receiver or transcei ver to
communi cat e w rel essly W th one or nor e transmtters or
transceivers integrated wth the physiological sensor (s). In
such a case, data representing the physiological signal (s) my

be transmitted digitally, for exanple, by any suitable wreless
protocol, such as Bl uetooth. Opti onal |y, a set, or array of
sensors nmay share a common transnmitter or transceiver for
transm ssion of the data of several sensors to the controller.
This approach to data transmission in the present technology is
referred to herein as a "wireless solution.”

[0132] As depicted in FIG 22, in certain exanples of t he
present technology, the coupling mechanism 990 of physiol ogical
sensor, or sensing nodule 988 may be equipped with electronic
cont act s. The electrical contacts mate with electronic contacts
on a conpatible coupling nechanism (not ‘shown) | ocated on

)

anot her section of the respiratory treatnent apparatus, such as
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a gas delivery tube or conduit, a patient interface, and/or the
flow generator nodule itself.{ In such enbodi nents, the wres
connected to the electronic contacts transmt electrical signals
via the wres, to and/or from the respiratory t reat nent
appar at us. Wen a wired solution is utilized in the present
technology, the wires may be integrated or enbedded wthin the
gas delivery tube or conduit. This arrangenent further allows
the'present technology to function as an interchangeable system
as di fferent gas delivery t ubes or conduits may be
i nterchangeable wth various respiratory treatnent apparatuses,
various physiological sensor (s) or sensor housings, and various
patient interfaces. As an alternative to enbedding the wires
and circuitry within the gas delivery tube or conduit, the wres
and circuitry nmay be attached to the outside of the gas delivery
tube or conduit, and enclosed by a plastic sheath, cover or
envelope to protect the circuitry and wires from being danaged.
RESPI RATORY TREATMENT APPARATUS

[ 0133] The respiratory tr eat nent apparatus as depicted in.
FIG. 23 may also be configured to provide a respiratory pressure
t reat nent from a flow generator such - as a servo-controlled
bl ower  994. In such a case, the apparatus nmay optionally
include a pressure sensor 993, such as a pressure transducer to
nmeasure the pressure generated by the blower 994 and generate a
pressure signal p(t) indicative of the nmeasurenents ' of pressure.
I'n the illustrated enbodinment the pressure sensor 993 is shown
located in the patient interface 995  however alternatively the
pressure sensor 993 may be located in the device downstream of
the bl ower 994, In such an arrangenent a pressure conpensation
~may be nade to the p'ressure nmeasured by the pr‘essure sensor to
determne the pressure at the patient interface. The pressure
conpensation can adjust for the pressure drop along the delivery

tube 996. The flow sensor. 997 may be coupled with the patient
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i nterface. The flow sensor generates a signal representative of
the patient's respiratory flow. For exanmple, flow proximate to
t he patients i nterface 106 may be nmeasur ed usi ng a

pneunot achograph and differential pressure transducer or simlar
device such as one enploying ' a bundle of tubes or ducts to
derive a flow signal f(t). Alternatively, a pressure sensor nmay
be inplenented as a flow sensor and a flow signal nmay be
generated based on the changes in pressure. Al though the flow
sensor 997 is illustrated in a housing of the treatnent
apparatus 998, it may optionally be located <closer to the
patient, such as in the patient interface 995 or delivery tube
996. O her apparatuses for generating a respiratory flow signal

may al so be inplenented.

[0134] Signals from the sensors of the present technology may
be sent to a controller or physi ol ogi cal si gnal det ection
processor. Optional analog to digital (AD converters/sanplers
(not shown separately) my be utilized in the event that

supplied signals from the sensors are not in digital form and

the controller is a digital controller.

[ 0135] The controller may optionally include a display such
as one or more warni ng lights (e.g., one or nore light emtting
di odes) . The di sbl ay device nmay also be inplemented as a
di splay screen such as an LCD Optionally, the display device

may be controlled to show data derived from the physiological

signal s. ,

[ 0136] Based on flow f(t), pressure p(t) and detected
physi ol ogi cal signal s, the controller 1000 with one or nore
processors can generate blower control signals. For exanpl e,

the controller my generate a desired pressure set point and
servo control the blower to neet the set point by conparing the
setpoint with the neasured <condition of the pressure sensor.

Thus, the controller 1000 may nmke controlled <changes to the
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pressure delivered to the patient interface by the blower,
entirely, or in part, based on the detected physiol ogical
signal s. Optionally, such changes to pressure may be

i mpl emented by controlling an exhaust with a nechanical release
valve to increase or decrease the exhaust while maintaini ng a
relatively constant blower speed. Wth such a controller or
processor, the apparatus can be used for many different pressure
treatment therapies, such as the pressure treatnments for sleep
di sordered breat hing, Cheyne Stokes Respiration, respiratory
aci dosi s, respiratory al kal osi s, ast hna, COPD, di abetic
ket oaci dosis, or obstructive sleep apnea (e.g., CPAP, APAP, Bi
Level CPAP, Auto VPAP, etc.) by adjusting a suitable pressure
delivery equation. Optionally, the controller 1204 may also be
inmplenented to nmake changes to pressure treatnent based on
detected changes of the netrics derived or detected from the
sensors and collectors described herein.

EXAMPLE CONTROLLER ARCHI TECTURE

[0137] An  exanpl e system architecture of a controller
suitable for the present technology is illustrated in the block
diagram of FIG 24, In the illustration, the controller 1000

may include one or nobre processors 1002 for physiol ogical

signal s as well as the respiratory t reat nent appar at us.
Al ternatively, the controller 100 may include nore than one
processor, each to be used for processing different types of
dat a, or to increase the conputing power of the overall
controller. The system may also include a display interface
1004 to .output event detection reports (e.g., respiratory rate,
heart rate wvariability, anal yte profiles, etc.), results or
graphs such as on a monitor or LCD panel . A user control/input
interface 1006, for exanple, for a keyboard, touch panel,

control buttons, npuse etc. may also be provided to activate or

nodify the control methodol ogies described herein. ‘The system
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may also include a sensor or data interface 1008, such as a bus,

for receiving/transmtting dat a such as- progranm ng
i nstructions, pressure and flow signals, facial physiological

signal s, breath collection related signals, breath chem cal
signals, cardiac si gﬁal s etc. The device may also typically

include nmenory/data storage components 1020 containing control

instructions of the nethodologies discussed herein. These nmay
i nclude processor control instructions for flow and/or pressure
signal processing (e.g., pre-processing net hods, filters) at
1020. These may also include processor control i nstructions
1018 for t reat ment control and/ or noni t ori ng based on
physi ol ogi cal si gnal det ection (e.g., ni trous oxi de, o2,
acetone, pH, pathogens, etc.). Finally, they may also include

stored data 1022 for these nethodologies such as physiological
signals, historic lookup data, critical thresholds, zone maps to
determ ne "danger zones," etc.)

[0138] In some enbodi nent s, t hese processor control
i nstructions and data for controlling the above described
nmet hodol ogies nmay be contained in a conputer readable recording
medi um as software for use by a general purpose conputer so that
the general purpose conputer may serve as a specific purpose
conputer according to any of the nethodol ogies discussed herein
upon loading the software into the general purpose conputer.

[ 0139] Wiile the physiological signal detection technol ogy
has been described in several enbodi nent s, it is to Dbe
understood that these enbodinents are nerely illustrative of the
t echnol ogy. Further nodifications nmay be devised wthin the
spirit and scope of this description. For exanple, while an
integrated apparatus is contenplated by the present technol ogy,
the nethodology of the conmponents of the apparatuses described
herein my be shared across multiple conponents of a system

For exanmple, a controller nmay sinply neasure the physiol ogical
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signals of the patient and transfer the data representing those

signals to another processing system The second processing
system may in turn analyze the data to determne t he
physiological signal or related data and nmetrics therefrom The

second processing system nay then evaluate the data and generate
warning nmessages as described herein, such as by sending one or
nore of the described nessages, in electronic form for exanple,
back to the patient nonitoring device for display on the device
. to warn the patient. O her variations can be nmade without
departing with the spirit and scope of the technol ogy.

EXAMPLE METHODOLOGY

[ 0140] FI G 25 is a flow diagram illustrating a Jlogic
" sequence executed by a controller integrated wth, or axttached

to a respiratory treat ment appar at us. At S101, a physiol ogical

Sensor (s) obt ai ns a readi ng. I n t he case of sone

el ectrochem cal sensors, a chemcal reaction may take place on

the sensor, which may indicate the presence or absence of at

| east one anal yte. The sensor then converts this signal into an
el ectronic signal, representative of the information obtained
from the chemical reaction. The sensors may be programmed to

take readings at variable intervals and durations, depending on
clini cal need or based on a triggering event as previously
di scussed. After a reading is obtained, the signal is
transmtted by wired or wirelessly (as described above), to the
controller. The process proceeds to S108, in which the presence
or absence, or quantity, of an analyte is detected. If no
analyte is detected, the processor nmay direct the sensor to
continue obtaining readings at S108A or delay for a next sensing

cycle to allow further sanple accunmulation by the collector.

[ 0141] At S109, the pf ocessor conpares the analyte value to a
one or nore threshold val ues. Based on the threshold
conparison (s), at step Sill, one or nore of processes may be
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triggered. The triggered processes may include any conbination
of the follow ng: a vvarni ng event S111A, in which an audible,
and/or visual alarm is triggered; a storing or recording event
S111B, in which data concerning the detected analyte is stored

or recorded; a display event S111C, in which the triggering

event is displayed on the display of the controller, or an
ext er nal devi ce, such as a renote conput er noni t or in a
telenetry station; and/ or a treating " event S121 (descri bed
bel ow) '
[0142] Optional ly, the threshold may be an enpirically

det er m ned t hreshol d or a threshold deri ved from a prior
neasur enent by the sensor of the patient's breath. In such a

case, the threshold conparison may be an indication of a recent

change or a significant change (depending on the threshold) in
the level of the detected analyte. Based on such a conpari son,
[0143] Optional ly, the processor nmay initiate or adjust a

treatnent protocol S121 based on the detection of the analyte.

For exanpl e, the processor may control the flow generator at
S123, to adjust its treatnent protocol (e.g., pressure, .fl ow,
timng based on information yi el ded from conparison of the
anal yte val ue. For exanpl e, based on the conpari son, t he
controller ‘may initiate deli very of a pressure support treatnent

(e.g., a Bi level therapy) from a CPAP treatnent.

[ 0144] Optional ly, at S124 the processor may also control

‘activation of a drug delivery device, to deliver nedication to a

patient based on signal paraneters. In addition, the processor

may send a signal via wred, or wreless comunication, to an
ext er nal device in step S125, based on the detection of the
sensors. For exanpl e, indication of a diabetic event my be
communicated to a patient's inplanted insulin punp to increase
or decrease insulin accordingly. Al so, the processor nay

control the flow generator based on the detected physiological
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dat a. In yet another option, the processor may activate

addi ti onal sensors of the sensing nodul e or control nor e
frequent, and/or |longer sensing by the sensors at S127.
DI ABETES EXAMPLE

[0145] The present technology may be particularly useful in
treating pati enté with co norbidities such as diabetes and
respiratory rel at ed di seases. Di abet es causes. multiple
treatnment chal |l enges. Patients in advanced stages of disease
may present with netabolic conditions such as renal failure,
neur opat hy, vascul ar i nsuf ficiency and diabetic ket oaci dosi s

(DKA) , and such presentation may signal the onset or sustenance
of an energent diabetic c;ri si s. The present technology my be
adapted to address and treat such conditi ons by providing co
treatnent solutions to the patient and caregiver.

[ 0146] In one exanple, the present technology is adapted wth
el ect rochemi cal sensors for detecting‘ ‘acetone in the breath of a
patient attached to a respiratory support system In such an
instance, a respiratory treatnent apparatus rfay be adapted with
a patient interface coupled with any configuration of sensors as
previously described. For exanple, in fhe case of a respiratory
t r eat nent appar at us sui tabl e for a diabetic patient, t he
apparatus my be equipped wth one or nore electrocheni cal

sensors for detecting acetone in the breath of a patient.

[0147] The pat hophysi ol ogi cal factors involved  in DKA
involve, in part, the breakdown of ketones. Di abetic patients,

and in particular, ©patients vv| th Type | diabetes have poor, or
no insulin regulation of blood glucose |Ievels. VWile these
patients may have sufficient, or even excess levels of glucose,

insulin insufficiency prevents the body from processing t he
gl ucose for‘ energy. In the absence of  proper gl ucose
nmet abolism the body digests protein and fat as fuel. This type

of netabolism involves the breakdown of fatty acids into ketone
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bodi es. In diabetic patients, the accunulation of keto acids,

such as acetoacetic acid nmay lead to a drastically reduced blood
pH, which in sonme cases can be fatal.

[ 0148] One of the netabolic by products of acetoacetic acid
is acetone. This acetone can often be detected in the breath,

and presents as a sweet or fruity snelling substance on the

breath of a patient, and is often mstaken for alcohol.

[0149] Due to the accunulation in the blood of acidic ketone
bodies, the CO, level in the blood also increases as the acid is
br oken down. The excess blood CO, levels nmay cause a patient to
present with rapid, |abored breathing known as tachypnea. Mor e
specifically, in the case of netabolic acidosis such as DKA,
this type of breathing is referred to as Kussmaul breathing.

Kussmaul breathing is one way in which the body attenpts to rid
itself of excess C0,. However, thiys type of breathing is
physiologically inefficient, and may result in hypoxia.

[ 0150] In an exenplary enbodinment -of the present technol ogy,
a ‘respiratory treatment  apparatus may be configured with
physi ol ogical breath sensors to detect the presence of acetone.
Optional ly, the controller of the apparatus may also enploy
readings from . pulse oxineter and a flow sensor to evaluate the
presence of a diabetic condition from the paC, and breathing
pattern. Detection of one or nore of acetone, elevated |evels
of paC0, and Kussmaul breathing by the processor -may trigger one
or nore events programed into the controller of the respiratory
support system such as the controlled t reat ment responses
descri bed herein.

[0151] For exanple, after detection of an unacceptable |evel
of acetone in a patient, the processor of the present technol ogy
'may control the flow generator of the respiratory treatment
apparatus to increase pressure support, in order to decrease the

patient's car bon di oxi de | evel s. Concurrently, or
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i ndependently, the controller nmay control a peripheral i nsulin
punp wor n by the patient to i ncrease i nsulin out put .

Additionally, the controller nmay also signal an infusion punp to
adjust dosing of medication according to the algorithm outputs.

For exanple, if a patient were receiving glucagon intravenously

through an infusion punp, the processor of the respiratory

support system may control the infusion punp to increase the
dosing or adm nistrat ion of the gl ucagon.

CASCADI NG SENSORS

[0152] As contenplated in the present technol ogy, mul tiple

sensors nmay be inplemented sinultaneously to detect various

anal ytes associated wth particular disease processes. Wi | e
multiple sensors nmay actually be present in a respiratory
patient interface and actively nonitoring at all tines, t he

present technology nmay enploy the use of a system that allows
less than all of the sensors to be active at all tines and may
permit activation of the sensors (e.g., wake from a sleep node)
in a cascade as the sensors are needed. In such a case, one or
nore sensors may be selectively activated by the controller in
response to events detected from signals generated by one or
more other sensors. For exanple, as previously nentioned, a
sensor that analyzes a breath condensate nmay be activated or
triggered in association with a detection of patient respiration
that is nmade based on a respiration signal from a pressure
sensor or flow sensor. ~In another exanple, one sensor nay be
active to detect a baseline analyte. If the analyte is sensed,
such that the detection neets a certain preset |evel such as by
a conparison of a measure based on a signal from sensor and a

threshold, the system may trigger other physiological Sensor (s)

as part of a sensor cascade. Depl oynent of multiple sensors may
yield better energy efficiency, in that it reduces the anount of
time the sensors are operating. It- may also reduce the wear on
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sensors that have limted use capabilities, when sensing does
not need to be continuous. Such functionality may allow the-
present technology to operate at a maximally efficient |evel,
until additional resources are needed from the system

[ 0153] Cascading sensor arrays nmay be used ‘i n the technol ogy
to detect any type of analyte indicated in any related disease
or nmetabolic <condition and may be inplemented for detection of
many di seases or patient conditions. As previously nentioned,
sensors nmay be available in packages or kits based on the desire
to detect conditions related to one or nore diseases and may be
equi pped for cascading operation. For exanpl e, an asthmatic
patient may purchase a kit containing pH and NO sensors, while a
di abetic patient may purchase a kit containing acetone and
gl ucose se‘nsors.

[ 0154] In one exanple, as shown in FIG 26, a respiratory
treatment apparatus may be configured with a cascading sensor
configuration specifically designed for diabetes detection and
treat ment. In this particular exanple of the technol ogy, t he
respiratory t reat ment appar at us may also include specific
sensors for detecting analytes associated wth diabetes and
diabetic related netabolism as descri bed in the preceding
exanpl e. This particular enbodinment may contain .at |east one
pul se oxinetry sensor 1203, at |east one sensor for detecting

ketones 1205 such as acetone, and at |east one glucose sensor

1207. The system nmay also include at |east one sensor for
detecting bi omar ker s 1209 (e.qg., cel | medi at or s, i mune
mar kers) . For exanpl e, such  sensor (s) 1209 may det ect
i mmunogl obul i n E (1gE), and inflammtory cyt oki nes such as
interleukins (IL). Various interleukins such as IL lalpha, |IL
6, IL 4 and IL 10 are known to be involved in the inflammatory

response and associated wth diseases such as diabetes and

- asthma, and may be detected by sensor (s) 1209. In some such
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cases, the detection of low pa0, or high paC, may awaken the
previously inactive acetone sensor and/or glucose sensor for an
evaluation of the patient's condition by these sensors.

[ 0155] In one further form of the present t echnol ogy,
physical detection sensors such as pulse oxineters, ECG and/ o;
EMG is conbined wth physiological detectors such as chem cal
sensors, biochemcal sensors and sanple collectors. For exanpl e,
the oxygen saturation may be nonitored. 1In one form the physical
detection sensor is attached to, or formed as part of the
patient interface, e.g. a nasal mask. The sensor is associated
with a patient skin contacting pdrti on of the mask, such as the
cushion or forehead support.. Furthernore, information from the
physical detection sensor is conbined with information from the
physi ol ogical detector to reach a conclusion about the state of
the patient. '

[ 0156] In the foregoing description and in the acconpanying
drawi ngs, specific termnol ogy, equations and drawing synbols
are set forth to provide a thorough understanding of the present
t echnol ogy. In sonme instances, the termnology and synbols nmay

inmply specific details that are not required to practice the

t echnol ogy. For examnpl e, al t hough process st eps in the
assessnment et hodol ogies have been described or illustrated in
the figures in an order, such an ordering 1is not required.

Those skilled in the art wll recognize that such ordering nmay

be nodified and/or aspects thereof may be conducted in parallel.

[ 0157] Mor eover, although the technology herein has been
described with reference to particular enbodinents, it is to be
understood that these enbodinents are nerely illustrative of the
principles and applications of the technol ogy. It is therefore

to be understood that nunmerous nodifications may be nade to the

illustrative enbodinents and that other arrangements nay be

47



WO 2013/090999 PCT/AU2012/001563

devised without departing from the spirit and scope of the
technology.
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CLAI M5
1. An apparatus for assessing a condition of a patient
conpri si ng:

a patient i nterface, the interface for communicating a treatmnent
gener at ed by a respiratory treat ment appar at us to t he
respiratory system of a patient; and

a sensing nodule, the sensi ng nmodule adapted for renpvable
coupling wth the patient i nterface, the sensing nodule
including a collector to accunulate ~exhaled breath that s

exhal ed to the patient interface.

2. The apparatus of <claim 1 wherein the sensing nodule

conprises a plurality of sanple collectors.

3. The apparatus of claim 1 wherein the collector is adapted

for repl acement within the sensi ng nodul e.

4. The apparatus of claim 1 wherein the collector conprises an

absorbent nmaterial.

5. The apparatus of claim 4 wherein the absorbent naterial
i ncl udes a preservative for preserving an analyte collected from

t he ekhal ed breath.

6. The apparatus of claim 1 wherein the sensing nodule further
conpri ses an electrochem cal sensor, the electrochen cal sensor
configured to sense a chemical in breath condensate accunul ated

by the collector.

7. The apparatus of <claim 6 wherein the sensing nodule

conprises a plurality of electrochem cal sensors.
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8. The apparatus of claim 1 further conprising:

said respiratory treatnent apparatus, the respiratory treatment

including a flow generator and a controller, including at |east

one processor, to control the flow generator to generate a
pressure treatment to the patient interface, and |

an el ectrocheni cal sensor, the elect rocheni cal sensor configured

to sense a chem cal accumulated by the collector and generate a

signal indicative of the chenmical of the collector,

wherein the controller is coupled wth the sensor and the
processor is configured to store a neasure derived from the
signal ..

9. The apparatus of claim 8 wherein the sensor is integrated

with a housing of the flow generator.

10. The apparatus of <claim 8 wherein the sensing nodule

conprises an el ectrochenical sensor.

11. The apparat us of claim 8 wherein the processor is
configured to synchronize an activation of the electrochem cal

sensor with an expiratory phase of a detected breath cycle.

12. The appar at us of claim 8 wherein the - processor is
configured to activate the electrochemni cal sensor after a set

period of tine.
13. The apparatus of claim 12 wherein the set period of tine

conprises a nunber of treatnment sessions with the respiratory

treat ment appar at us.
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14. The apparatus of claim 12 wherein the set period of tine

conprises a breath cycle count.

15. The apparatus of claim 12 wherein the set period of tine
conprises a tinmed period of use of the respiratory treatnent

appar at us.

16. The apparatus of <claim 8 wherein the collector of the
éensing nmodul e conprises a variable aperture controlled by the

processor.

17. The apparatus of claim 16 wherein the processor is
configured .to synchrorii ze opening of the variable aperture wth

an expiratory phase of a detected breath cycle.

18. The apparatus of claim 16 wherein the processor is
configured to open the variable aperture for a set period of

tinme. "

19. The apparatus of claim 18 wherein the set period of tine

conprises a breath cycle count.

20. The apparatus of claim 18 wherein the set period of tine
conprises a tinmed period of wuse of the respiratory treatnent

appar at us.
21. The apparatus of claim 18 wherein the set period of tine

conprises a nunber of treatnent sessions wth the respiratory

treat nent apparatus.
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22. The apparatus of claim 8 wherein the processor is
configured to conpare a neasure derived from the signal and a

t hreshol d val ue.

23. The apparatus of claim 22 wherein the processor is

configured to generate a warning based on the conparison.

24, The apparatus of claim 22 wherein the processor detects a

guantity of an analyte from exhal ed breath.

25.. The apparatus of <claim 22 wherein the  sensing nodule
conprises one or nore of a peroxide sensor, a nitrous oxide
sensor, an acetone sensor, a carbon dioxide sensor, a pH sensor,

a glucose sensor, and a |lactate sensor.

26. An apparatus for assessing a condition of a patient
conprising :

a patient interface configured to direct a flow of breathable
gas;

a flow generator, adapted to couple with the patient interface,
the flow generator configured to generate a flow of breathable
gas to the patient interface,

a controller, including at |east one processor, the controller
being configured to control a pressure treatnment protocol wth
the flow generator; and . ‘
a sensing nodule, including at |east one electrochenical & sensor,
the sensing nodule adapted for coupling wth the patient
i nterface, the sensing nodul e i ncl udi ng a collector to
accumul ate exhaled breath condensate that 1is exhaled to the
pati ent i nterface, the el ectrocheni cal sensor configured to
sense a chemical accumulated by the collector and generate a

signal indicative of the chenmical of the collector.
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27. The apparatus of claim 26 wherein the controller is coupled
with the sensor and the processor is configured to store a
neasure derived from the signal.

28. The apparatus of claim 27 wherein the sensing nodule

conprises a plurality of sanple collectors.

29. The apparatus of claim 27 wherein the collector is adapted

for replacenent within the sensing nodule.

30. The apparatus of claim 29 wherein the collector conprises

an absorbent material.

31. The apparatus of claim 30 wherein the absorbent material
includes a preservative for preserving an analyte collected from
the exhal ed breath.

32. The apparatus of claim 27 wherein the sensing nodule
conprises one or nore of a peroxide sensor, a nitrous oxide
sensor, an acetone sensor, a carbon dioxide sensor, a pH sensor,

gl ucose sensor, and a |actate sensor.

33. The apparatus of <claim 32 wherein the processor is
configured to synchronize an activation of one or nore of the
sensors of the sensing nodule wth Can expiratory phase of a

detected breath cycle.
34. The apparatus of <claim 32 wherein the processor is

configured to activate one or more bf the sensors of the sensing

nodul e after a set period of tine.
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35. The apparatus of claim 34 wherein the set period of tine

conprises a nunber of treatnent sessions with the apparatus.

36. The apparatus of claim 34 wherein the set period of tine

conprises a breath cycle count.

37. The apparatus of claim 36 wherein the set period of tine

conprises a tinmed period of use of the apparatus.

38. The apparatus of claim 32 wherein the collector of the
sensing nodule conprises a variable aperture controlled by the

processor .

39. The apparatus of <claim 38 wherein the processor is
configured to synchronize opening of the variable aperture with

an expiratory phase of a detected breath cycle.
40. The apparatus of «claim 38 wherein the processor is
‘configured to open the variable aperture for a set period of

tinme.

41. The apparatus of claim 40 wherein the set period of tine

conprises a breath cycle count.

42. The apparatus of claim 40 wherein the set period of tine

conprises a tined period of ‘use of the appar at us.

43. The apparatus of claim 42 wherein the set period of tine

conprises a nunber of treatment sessions with the apparatus.
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44, The apparatus of claim 32 wherein the processor is
configured to conpare a neasure derived from the signal and a

t hreshol d val ue.

45. The apparatus of claim 44 wherein the processor is

configured to generate a warning based on the conparison.

46. The apparatus of claim 45 wherein the processor detects a

guantity of an analyte from exhal ed breath.

47. The apparatus of <claim 28 further <conprising a sanple

collector to collect saliva.

48. The apparatus of <claim 10 wherein the . electrocheni cal
sensor is configured to detect a quantity of an analyte from

saliva.

49. The apparatus of <claim 10 wherein the electrochenical
sensor is. configured to detect a quantity of an anal yte from

nmucus .

50. The apparatus of claim 48 wherein the analyte is one or

~nmore of NH,*, acetate, NH;", and Ca*.

51. An apparat us‘ for assessing a condition of a patient
conprising: ‘

a patient interface, the interface for communicating a treatnent
gener at ed by a respiratory t r eat nent apparatus to t he
respiratory system of a patient, the‘ pati ent interface

conprising a sensing nodule, the sensing nodule configured as a
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col | ector to accurmulate nucus. that is in contact with the

patient interface.

52. The apparatus = of <claim 51 wherein the sensing nodule
further conprises an el ectrochem cal sensor, . the el ectrochem cal
sensor configured to sense a chenmical in mucus accunmulated by

the collector.

53. The 'apparatus of claim 51 wherein the patient interface
conprises a nasal cannula and the sensing nodule conprises at

| east one prong of the cannula to contact nucosa.

54. An apparatus for assessing a condition of a patient

conpri sing : |

a patient interface, the interface for conmunicating a treatment

gener at ed by a respiratory t reat ment appar at us to t he
respiratory system of a patient, the patient i nterface
conprising 'a sensing nodule, the sensing nodule configured as a
collector to accurmulate saliva that is in contact wth the

patient interface.

55. The apparatus of ~claim 54 wherein the sensing nodule
further conprises an electrochem cal sensor, the electrochemn cal
sensor configured to sense a chemical in saliva accunulated by

the collector.

56. An apparatus for assessing a condition of a patient

comprising:

a mandi bul ar advancenent devi ce, t he mandi bul ar advancenent
device conprising a-sensing material, the nmaterial configured as

a collector to accunmulate saliva that is in contact with the

mandi bul ar advancenent devi ce.
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57. The appar at us of claim 56 wherein t he mandi bul ar

advancenent device further conmprising a collection chanber.
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