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MOISTURE DETECTION AND MARAGEMENT IN A GASES SUPPLY SYSTEM

FIELD OF THE DISCLOSURE

{8001} The present disclosure relates to detecting moisture in a conduit. More
particularly, the present disclosure describes a respiratory or surgical gases conveying system
which is capable of detecting the presence, volume and/or location of one or more of
condensation, humidity and/or bodily fluids.

BACKGROUND

{6002} Respiratory assistance apparatuses and surgical insufflators provide a flow
of gases or a flow of pressurized gases through a conduit system to a patient. For a range of
applications using these and similar devices, it is beneficial to humidify the supplied gases.
These applications include where the gases are inspired and/or where the gas is being supplied
during surgery to a surgery site of a patient. A downside to providing humidified gases through
a conduit is the potential for condensation to form within the conduit. In addition to
condensation, other types of moisture may also be introduced into a conduit from the patient,
an optional heat and moisture exchanger (HME), an optional nebulizer, and/or the environment
{such as via a rcom-entratning ventilator, or through a liquid- or vapor-permeable conduit wall,
for example). Moisture may include bodily fluids such as saliva, blood mucus, or the like. This
application may refer to water as an example, but it will be appreciated that water may be

replaced with moisture, more generally, or any other hiquid as well.

SUMMARY OF THE DISCLOSURE

[0603] Humidified gases can cool as they pass through a conduit system between
a gases source and the gases delivery destination. This can result in moisture {or liquid) such
as condensate forming inside the conduit as the gases cool. In addition to condensate, moisture
can refer, water, bodily fluids sech as saliva, blood or mucus, or the presence of any biquid in
the conduit. The formation of moisture s typically undesirable in respiratory assistance
apparatuses and surgical insufflators. For example, condensation in a conduit can lead to a
condition referred to as “rain out”. Rain out occurs when moisture forms and potentially runs
down the walls of the conduit system. The moisture can pool in a fow part of the conduit system

or it can run out of the conduit systern into the patient’s respiratory system, body, back into the
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gases source or into a ventilator return or other device connected to a conduit of a respiratory
assistance apparatus or surgical insufflator. All of these rain out effects are undesirable and can
cause mumerous complications. Similarly, fluids from other sources (including the patient,
other equipment and/or the environment) may be undesirable, and/or should be monitored for
other reasons.

[6004] As used herein, the phrase “conduit system” encompasses any conduits
(also referred to herein as tubes), connectors or patient interfaces that convey gases between a
gases source and a patient and/or convey expired gases from the patient to another component
of the respiratory assistance apparatus or surgical msufflator. For example, as discussed in
further detail below, the conduit system can include one or more of nspiratory tube(s), dry
lines, gases supply tubes, expiratory tube(s), insufflation tube(s), connector(s), Y-piece(s),
patient tube(s), and/or patient mterface(s) {including masks, nasal cannulas, nasal pillows,
endotracheal tubes, tracheostomy tubes, surgical cannulas, etc.). Further, moisture, condensate,
condensation and liguid are generally used synonymously in the present disclosure as would
be understood by a person of skill in the art from the contextual usage of those terms herein.
It should be appreciated by one of skill 1n the art that the term dryline {or dry line) may not
always convey dry gases (for instance, when an air-entraining ventilator or air-entraining blow
system 13 used, or in the case of reverse flow through the system, or the like).

[0005] Respiratory assistance apparatuses and surgical insufflators {(collectively
referred to herein as gases supply systerns) can employ one or more heating wires within the
conduit system, such as in the walls of any or all components of the conduit system to provide
a heat source. The one or more heating wires allow the conduit to control the temperature
and/or relative humidity of the gases to a desired value or range as the gases pass through the
conduit system, reducing the potential for condensation. One or more sensor wires can also be
mcluded within the lumen or 1n the walls of the conduit system as well. The one or more sensor
wires are typically used to convey temperature measurement information of the humidified
gases flowing through a conduit and/or patient mterface from one or more temperature sensors
back to a controller of the gases supply system. The gases supply system can use the
temperature measurement information in a feedback control system to adjust the amount of
heat provided by the one or more heating wires or other components of the gases supply

system.
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[6006] Hven with heating wires, condensation and rain out can still occcur, and
fluids from other sources may still be introduced into the circuit system. The present disclosure
provides for detecting moisture in the circuit system. Moisture can be detected by measuring
or nferring capacitance, reactance and/or impedance or a change in capacitance, reactance
and/or impedance of two or more spaced electrical conductors within the conduit system or
embedded in the conduit system walls. These electrical conductors can be, for example, one or
more conductive wires, such as the one or more heating wires and/or the one or more sensor
wires. Alternatively, or additionally, dedicated conductors may be provided within, or
embedded in, the conduit system including the lumen of the conduit or the walls thereof. The
capacitance can be an intrinsic/parasitic capacitance. The measure can use a time response
and/or a frequency response of the wire(s). Moisture can also be detected by measuring a
change in resistance as disclosed herein and/or a change to a wireless signal such as an RF
signal.

{00071 The present disclosure provides a humidifier system useable in a gases
supply system, the humidifier system comprising a humidifier; a conduit comprising a first
electrically conductive element and a second electrically conductive element; and a controller
configured to monitor a signal using one or more of the first electrically conductive element
and the second electrically conductive element to determine a value indicative of moisture in
the conduit based at least in part on the signal.

[6008] In some configurations, the signal can be mdicative of a capacitance
between the first electrically conductive element and the second electrically conductive
element.

{8009} In some configurations, the signal can be mdicative of a change
capacitance between the fust electrically conductive element and the second electrically
conductive element.

[6010] In some configurations, the controller can comprise a signal generator.

{8011} In some configurations, the controlier can comprise one or more hardware
and/or sofiware processors.

{8012} In some configurations, the first electrically conductive element and the

second electnically conductive element can be separated by a distance configured to allow for
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a capacitive charge to be sensed between the first electrically conductive element and the
second electrically conductive element.

6013} In some configurations, the humidifier system can also comprise a dielectric
material located between the first electrically conductive element and the second electrically
conductive element.

{8014} in some configurations, the dielectric material can be vapor or hquid
permeable.

[8015] In some configurations, the vapor permeable dielectric material can allow
evaporation of water to ambient air while inhibiting passage of liquid water and breathing gases
to ambient air.

{8016} In some configurations, the controller can be configured to determine the
value indicative of moisture on a comparison of a measurement of the first electrically
conductive element and/or the second electrically conductive element.

{6017} In some configurations, the value indicative of moisture can comprise a fime
constant of a circuit comprising the first electrically conductive element or the second
electrically conductive element in series with the reference resistor.

[6018] In some configurations, the signal can be indicative of a time constant or a
resonant frequency of a circuit comprising the first electrically conductive element and/or the
second electrically conductive element.

{6019} In some configurations, the signal can be indicative of a change 1n a time
constant or a change i a resonant frequency of a circuit comprising the first electrically
conductive element and/or the second electrically conductive element.

{8026} In some configurations, the value nductive of moisture in the condwit can
correspond to an inductance of the conduit.

{00211 In some configurations, the value mductive of moisture n the conduit can
correspond to a change n inductance of the conduit.

08022} In some configurations, the humidifier system can also comprise a resonant
circuit wherein an inductor is placed in parallel with a capacitor.

{8023} In some configurations, the resonant circuit can be electrically connected in

parailel with the first electrically conductive element, the second electrically conductive
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element, or both the first electrically conductive element and the second electrically conductive
element.

{6024} In some configurations, the resonant circuit can be tuned to exhibit resonant
behavior when sufficiently excited by the signal.

{8025} In some configurations, the resonant circuit can be tuned to exhibit resonant
behavior when excited by the signal, wherein the signal has been selected to exciie the resonant
circuit.

(08026} In some configurations, the controller can be configured to apply additional
power to the first electrically conductive element in conjunction with a normal control power.

(8027} In some configurations, the humidifier system can also comprise an AC
power supply.

(6028} In some configurations, the humidifier system can also comprise a DC
power supply.

[0029] In some configurations, the signal can be indicative of a temperature of the
first electrically conductive element or the second electrically conductive element.

(6030} In some configurations, the signal can be indicative of a change m
temperature of the first electrically conductive element or the second electrically conductive
element.

[B8031] In some configurations, the signal can be indicative of a thermal
conductivity of a medium between the first electrically conductive element and the second
electrically conductive element, or the signal can be indicative of a thermal conductivity of a
medium proximal to the fust electrically conductive element or the second electrically
conductive element.

[6032] In some configurations, the signal can be indicative of a change 10 thermal
conductivity of a medium between the first electrically conductive element and the second
electrically conductive element, or the signal can be indicative of a change in thermal
condactivity of a medium proximal to the first electrically conductive element or the second
electrically conductive element.

[6033] In some configurations, a change in temperature of the first electrically

conductive element or the second elecirically conductive element can be substantially linear.
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6034} In some configurations, the signal can be indicative of a temperature
difference between the first electrically conduciive element and the second electrically
conduciive element.

{8035} in some configurations, the second elecirically conductive element can
measure the signal.

{8036} in some configurations, the signal can correspond to a resistance of the
second electrically conductive element, the resistance of the second electrically conductive
element varying with the temperature of the second electrically conductive element.

80371 In some configurations, the first electrically conductive element or the
second electrically conductive element can further comprise a thermistor,

{80381 In some configurations, the first electrically conductive element or the
second electrically conductive element can further comprise a diode.

106391 In some configurations, the diode can be elecirically connected in parallel
with the thermistor.

{80401 In some configurations, the diode can be electrically connected in parallel,
and positioned substantially adjacent, with the thermistor.

00411 In some configurations, the first electrically conductive element and the
second electrically conductive element can be adjacent to each other.

00421 In some configurations, the first electrically conductive element and the
second electrically conductive element can be not adjacent to each other.

[8043] In some configurations, the first electrically conductive element and the
second electrically conductive element can be within a bead of the conduit.

[B044] In some configurations, the first electrically conductive element can
measure the signal.

00451 In some configurations, the signal can be indicative of a resistance of the
first electrically conductive element or the second electrically conductive element.

{8046} In some configurations, the signal can be indicative of a resistance of a
medium between the first electrically conductive element and the second electrically

conductive element.
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[6047] In some configurations, the first electrically conductive element or the
second electrically conductive element can comprise at least two portions that are electrically
disconnected from one another.

{8048} In some configurations, the first electrically conductive element and the
second electrically conductive element can be electrically insulated from other elecirically
conductive elements for a portion of a length of the first electrically conductive element and
for a portion of a length of the second electrically conductive element.

0049} In some configurations, the at least two portions can protrude into a lumen
of the conduit. The at least two portions can be flush with an mnner wall of the conduit.

[6050] In some configurations, the at least two portions can be arranged within the
tube wall and are pneumatically coupled with the lumen of the conduit.

{6051} In some configurations, the at least two portions that can be electrically
disconnected from one another can be in series with one another.

{0052} In some configurations, the at least two portions that can be electrically
disconnected from one ancther can be in parallel with one another.

[6053] In some configurations, the controller can determine a value mdicative of
moisture in the conduit based at least in part on a magnitude and/or phase of the signal

(6054} In some configurations, the hunudifier system can also comprise a signal
generator.

[8055] In some configurations, the signal can have a frequency between 30 Hz and
300 GHz

{06056} In some configurations, the signal can have a frequency between 1 MHz
and 100 Miz.

[6057] In some configurations, the sigonal can have a frequency of about 10 MHz.

{00581 In some configurations, the first electrically conductive element and/or the
second electrically conductive element can be a quarter of the wavelength of the signal.

[8059] Insome configurations, the wavelength of the signal can be four times larger
than the length of the first electrically conductive element and/or the second electrically
conductive element.

{8060} In some configurations, the signal generator can inject the signal into the

first electrically conductive element.
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[8061] In some configurations, the first electrically conductive element can be
configured to be a transmitter.

{80621 In some configurations, the second electrically conductive element can be
configured to be a receiver to receive the signal transmitted by the first electrically conductive
element.

{8063} In some configurations, the magnitude and/or phase of the signal can be
measured by a radio-frequency transducer.

8064} In some configurations, the radio-frequency transducer can be an AM
receiver, RF sampling ADC, or RF rectifier.

[8065] In some configurations, the humidifier system can also comprise g filter to
filter the signal.

{6066} In some configurations, the filter can comprise a high pass or bandpass
filter.

{00671 In some configurations, the filter can be configured to filter out the mains
frequency.

[6068] In some configurations, the filter can be configured to filter out frequencies
between 50 — 60 Hz
f i In some configurations, the transmitier can comprise a loop antenna.

f i In some configurations, the receiver can comprise a loop antenna.
(0071} In some configurations, the transmitier can comprise a monopole antenna.
f i In some configurations, the fransmitter can comprise a mouopole antenna.

[6073] In some configurations, the first electnically conductive element can be
electrically coupled to a first switch,

{6074} In some configurations, the second electrically conductive element can be
electrically coupled to a second switch.

[8075] In some configurations, the first switch can be configured to electrically
disconnect one end of the first electrically conductive element.

{80761 In some configurations, the second switch can be configured to electrically

disconnect one end of the second elecirically conductive element.
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[8077] In some configurations, the first switch and/or the second switch can be
located in any one of the following: a heater base, a sensor cartridge, the conduit, an external
component, or an mtermediate connector.

{8078} in some configurations, the controller can be configured to output an alarm
if the value indicative of moisture falls below a first threshold value.

{8079} in some configurations, the controller can be configured to output an alarm
if the value indicative of condensation exceeds a second threshold value.

(6030} In some configurations, the alarm indicates an unacceptable level of
moisture.

(6081} In some configurations, the controller can be configured to automatically
reduce humidification of breathing or insuffiation gases in response to the value indicative of
moisture and/or humidity in the condut.

{00821 In some configurations, the reduction of hunudity delivered to the patient
can be achieved by a reduction in heater plate power.

80831 In some configurations, the conduit can be a composite conduit.

[06084] In some configurations, the conduit can comprise a vapor and/or liquid
permeable bead.

[6085] In some configurations, the permeable bead can allow evaporation of water
to ambient air while nhibiting passage of liquid water and breathing gases to ambient air,

{8086} In some configurations, the permeable bead can be one or more of an
activated perfluorinated polymer material having extrerne hydrophilic properties, hydrophilic
thermoplastic, breathable thermoplastic copolyester, woven treated fabric exhibiting
breathable characteristics, or a hydrophilic polyester block copolymer.

{0087} In some configurations, the first conductive element and the second
electrically conductive element can be spirally wound about at least a length of the conduit.

[0088] In some configurations, the first conductive element and the second
electrically conductive element can be spiraily wound within, through or around the condwit.

{60891 In some configurations, the first conductive element and the second
electrically conductive element can form part of the conduit walls.

{8090} In some configurations, the first elecirically conductive element can be a

Sensing wire.
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[6091] In some configurations, the first electrically conductive element can be a
heater wire.

{60921 In some configurations, the second electrically conductive element can bea
sensing wire.

{8093} In some configurations, the second electrically conductive element can bea
heater wire.

{6094} The present disclosure provides a method of detecting an indication of
moisture in a conduit of a gases supply system used to transport respiratory or surgical gases,
the method comprising determining a presence and/or level of moisture based at least in part
on property of the conduit.

{80951 In some configurations, the determination of the presence or level of
moisture can be inferred from a dielectric property of the conduit.

{06961 In some configurations, the determination of the property can comprise
applving a signal to a first electrically conductive element in the conduit.

(0097} In some configurations, the determination of the property can comprise
measuring a capacitance between the first electrically conductive element and a second
electrically conductive element.

[6098] In some configurations, the determination of the property can comprise
measuring a capacitance between the first electrically conductive element and a second
electrically conductive element based on the applied signal

[B099] In some configurations, the determination of the property comprises
measuring an indication of a time constant or a resonant frequency of a circuit comprising the
first electrically conductive element.

[6100] In some configurations, the determination of the property can comprise
processing a value indicative of an inductance.

(0101} In some configurations, the determination of the property can further
comprise measuring an indication of a resistance of the first electrically conductive element.

0102} In some configurations, the determination of the property can further
comprise measuring an indication of a temperature.

8103} In some configurations, the determination of the property can further

comprise measuring an indication of a thermal conductivity.
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[0104] In some configurations, the determination of the property can further
comprise measuring a magnitude and/or phase of a signal.

[0105] In some configurations, the conduit can be the conduit of any of conduit
implementations disclosed herein.

[0196] In some configurations, the method uses the humidifier system of any
humidifier system disclosed herein.

{6107} The present disclosure provides a method of detecting moisture in a conduit
utilized to transport humidified gases, the method comprising providing two electrically
conductive elements separated by a dieleciric and located within, around or on the conduit and
measuring a capacitance or change in capacitance to indicate a measure of moisture or
condensate within the conduit.

{6108} The present disclosure provides a method of detecting moisture in a conduit
utilized to transport humidified gases, the method comprising providing two elecirically
conductive elements located within, around or on the conduit and measuring a resisiance or a
change in resistance to indicate a measure of moisture or condensate within the conduit.

[6109] In some configurations, the method uses the conduit of any of conduit
mmplementations disclosed herein,

6110} In some configurations, the method uses the humidifier system of any
humidifier system disclosed herein.

8111} The present disclosure provides a method of detecting moisture in a conduit
utilized to transport humidified gases, the method comprising providing two electrically
conductive elements located within, around or on the conduit and measuring a time constant,
a resonant frequency, a change 1n a tume constant, or a change in a resonant frequency to
mdicate a measure of moisture or condensate within the conduit,

0112} In some configurations, the method uses the condusit of any of conduit
mplementations disclosed herein.

{8113} In some configurations, the method uses the humidifier system of any
humidifier system disclosed herein.

[0114] The present disclosure provides a method of detecting moisture in a conduit

atilized to transport humidified gases, the method comprising providing two electrically
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conductive elements located within, around or on the conduit and measuring a resistance or a
change in resistance to indicate a measure of moisture or condensate within the conduit.

0115} In some configurations, the method uses the conduit of any of conduit
implementations disclosed herein.

[0116] In some configurations, the method uses the humidifier system of any
humidifier system disclosed herein.

6117} The present disclosure provides a method of detecting moisture in a conduit
utilized to transport humidified gases, the method comprising providing two electrically
conductive elements located within, around or on the conduit and measuring a temperature or
a change in temperature to indicate a measure of moisture or condensate within the conduit.

{0118} In some configurations, the method uses the conduit of any of conduit
implementations disclosed herein.

{0119} In some configurations, the method uses the humidifier system of any
humidifier system disclosed herein.

01201 The present disclosure provides a method of detecting moisture in a conduit
utilized to transport humudified gases, the method comprising providing two electrically
conductive elements and located within, around or on the conduit and measuring a thermal
conductivity or a change in thermal conductivity to indicate a measure of moisture or
condensate within the conduit.

8121} In some configurations, the method uses the conduit of any of conduit
wmplementations disclosed herein,

8122} In some configurations, the method uses the humidifier system of any
humidifier system disclosed herein.

[8123] The present disclosure provides a method of detecting moisture in a conduit
utthized to transport humidified gases, the method comprising providing two electrically
conductive elements and located within, around or on the conduit and measuring a magnitude
and/or phase of a signal or a change i a magnitude and/or phase of a signal to indicate a
measure of moisture or condensate within the conduit.

{8124} In some configurations, the method uses the conduit of any of conduit

implementations disclosed herein.
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[8125] In some configurations, the method uses the humidifier system of any
humidifier system disclosed herein.

{0126} The present disclosure provides external accessories. An example of an
external accessory is a caritridge for use with a humdifier in a respiratory or surgical
humudification system.

{8127} The present disclosure provides a cartridge for use with a humidifier in a
respiratory or surgical humidification system, the cartridge comprising one or more sensors for
sensing a property of a gases flow i a removable hunudification chamber of the humidifier; a
first electrical connector configured to make an electrical connection with a corresponding
electrical connector of the hunudifier; a second electrical connector configured to make an
electrical connection with a corresponding electrical connector of an inspiratory conduit
removably engageable with the cartridge, wherein the second elecirical connector can
comprise at least a first electrical terminal or pad and a second electrical terminal or pad
configured to make an electrical couphling with a first electrically conductive element and a
second electrically conductive element extending along at least a portion of a length of the
mspiratory conduit; and a controller communicatively coupled with the one or more sensors
and the first electrically conductive element and the second electrical connectors.

[6128] In some configurations, the cartridge can be removably attachable to the
hunudifier and the controller can be configured to, in use, measure a signal indicative of a
capacitance between the first electrically conductive element and the second electrically
conductive element of the removable mspiratory conduit.

8129} The present disclosure provides a cartridge for use with a humidifier ina
respiratory or surgical hurmidification system, the cartridge comprising one or more sensors for
sensing a property of a gases flow in a removable humudification chamber of the hamidifier; a
first electrical connector configured to make an electrical connection with a corresponding
electrical connector of the humudifier; a second electrical connector configured to make an
electrical connection with a corresponding electrical connector of an inspiratory conduit
removably engageable with the cartridge, wherein the second electrical connector can
comprise at least a first electrical terminal or pad and a second elecirical terminal or pad
configured to make an electrical coupling with a first electrically conductive element and a

second electrically conductive element extending along at least a portion of a length of the
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mspiratory conduit; and a controller communicatively coupled with the one or more sensors
and the first electrically conductive element and the second electrical connectors.

0130} In some configurations, the cariridge can be removably attachable to the
humidifier and the controller can be configured to, in use, measure a signal indicative of a time
constant or a resonant frequency of a circuit comprising the first electrically conductive
element and the second elecirically conductive element of the removable inspiratory conduit.

8131} The present disclosure provides a cartridge for use with a hunidifier in a
respiratory or surgical humidification system, the cartridge comprising one or more sensors for
sensing a property of a gases flow 1n a removable humidification chamber of the humidifier; a
first electrical connector configured to make an electrical connection with a corresponding
electrical connector of the humidifier; a second electrical connector configured to make an
electrical connection with a corresponding electrical connector of an inspiratory conduit
removably engageable with the cartridge, wherein the second electrical connector can
comprise at least a first electrical terminal or pad and a second elecirical terminal or pad
configured to make an electrical couphing with a first electrically conductive element and a
second electrically conductive element extending along at least a portion of a length of the
mspiratory conduit; and a controlier communicatively coupled with the one or more sensors
and the first electrically conductive element and the second electrical connectors.

[8132] In some configurations, the cartridge can be removably attachable to the
humidifier and the controller can be configured to, in use, measure a signal mdicative of a
resistance of the first electrically conductive element or the second electrically conductive
element of the removable mspiratory conduit.

{8133} The present disclosure provides a cartridge for use with a humidifier o a
respiratory or surgical humidification system, the cartridge comprising one or more sensors for
sensing a property of a gases flow n a removable humidification chamber of the humidifier; a
first electrical connector configured to make an electrical connection with a corresponding
electrical connector of the humidifier; a second electrical connector configured to make an
electrical connection with a corresponding elecirical connector of an inspiratory conduit
removably engageable with the carindge, wherein the second elecirical connector can
comprise at least a first electrical terminal or pad and a second electrical terminal or pad

configured to make an electrical coupling with a first elecirically conductive element and a
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second slectrically conductive element extending along at least a portion of a length of the
mspiratory conduit; and a controller communicatively coupled with the one or more sensors
and the first electrically conductive element and the second electrical connectors.

{8134} in some configurations, the cartridge can be removably attachable to the
humudifier and the controller can be configured to, in use, measure a signal indicative of a
temperature of the first electrically conductive element or the second electrically conductive
element of the removable inspiratory conduit.

[0135) The present disclosure provides a cartridge for use with a humidifier ina
respiratory or surgical humidification system, the cartridge comprising one or more sensors for
sensing a property of a gases flow in a removable hunudification chamber of the hunudifier; a
first electrical connector configured to make an electrical connection with a corresponding
electrical connector of the humidifier; a second electrical connector configured to make an
electrical connection with a corresponding electrical connector of an mspiratory conduit
removably engageable with the cartridge, wheremn the second elecitical connector can
comprise at least a first electrical terminal or pad and a second electrical terminal or pad
configured to make an electrical coupling with a first electrically conductive elernent and a
second electrically conductive element extending along at least a portion of a length of the
mspiratory conduit; and a controller communicatively coupled with the one or more sensors
and the first electrically conductive element and the second electrical connectors.

[8136] In some configurations, the cartridge can be removably attachable to the
hunadifier and the controller can be configured to, in use, measure a signal indicative of a
thermal conductivity of a medium between the first electrically conductive element and the
second electrically conductive element of the removable mspiratory condut.

{0137} The present disclosure provides a cartridge for use with a humidifier in a
respiratory or surgical hurmidification system, the cartridge comprising one or more sensors for
sensing a property of a gases flow in a removable humudification chamber of the hamidifier; a
first electrical connector configured to make an electrical connection with a corresponding
electrical connector of the humidifier; a second elecirical connector configured to make an
electrical connection with a corresponding electrical connector of an inspiratory conduit
removably engageable with the cartridge, wherein the second electrical connector can

comprise at least a first electrical termunal or pad and a second elecirical terminal or pad



WO 2023/084492 PCT/1B2022/060952
16

configured to make an electrical coupling with a first electrically conductive element and a
second electrically conductive element extending along at least a portion of a length of the
inspiratory conduit; and a controler communicatively coupled with the one or more sensors
and the first electrically conductive element and the second electrical connectors.

8138} In some configurations, the cariridge can be removably attachable to the
humidifier and the controller can be configured to, in use, measure magnitude and/or phase of
a signal or a change in a magnitude and/or phase of a signal between the first elecirically
conductive element and the second electrically conductive element of the removable
mspiratory conduit.

{6139 The present disclosure provides a humidifier useable in a gases supply
system, the humidifier comprising a hunidification chamber configured to humidify a gases
supply; an inspiratory conduit connector configured to connection with an inspiratory conduit
including a first electrically conductive element and a second electrically conductive element;
a controller configured to momnitor a signal using one or more of the first electrically conductive
element and the second electrically conductive element to determine a value mdicative of
moisture in the conduit based at least in part on the signal.

[06140] In some configurations, the controller can be further configured to monutor
the signal.

[8141] In some configurations, the signal can be indicative of a capacitance
between the first electrically conductive element and the second electrically conductive
element.

0142} In some configurations, the signal can be indicative of a change
capacttance between the first electrically conductive element and the second electrically
conductive element,

0143} In some configurations, the signal can be mdicative of a time constant or a
resonant frequency of the first electrically conductive element or the second electrically
conductive element.

0144} In some configurations, the signal can be indicative of a temperature of the

first electrically conductive element or the second electrically conductive element.
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[8145] In some configurations, the signal can be indicative of a change in
temperature of the first electrically conductive element or the second electrically conductive
element.

{146} In some configwations, the signal can be indicative of a thermal
conductivity of a medium between the first electrically conductive element or the second
electrically conductive elemeni, or the signal or the signal is indicative of a thermal
conductivity of a medium proximal to the first electrically conductive element or the second
electrically conductive element.

{0147} In some configurations, the signal can be imdicative of a change in thermal
conductivity of a medium between the first electrically conductive element or the second
electrically conductive element, or the signal or the signal s indicative of a change in thermal
conductivity of a medium proximal to the first electrically conductive element or the second
electrically conductive element.

[0148] In some configurations, the signal can be indicative of a temperature
difference between the first electrically conductive element and the second elecirically
conductive element.

{01491 In some configurations, the value indicative of moisture can be a magnitude
and/or phase of a signal or a change in a magnitude and/or phase of a signal

01501 In some configurations, the controller can comprise a signal generator.

8151} In some configurations, the controller can comprise one or more hardware
and/or software processors.

0152} In some configurations, the hunudifier can further comprise the conduit of
any of conduit implementations disclosed herein,

[8153] The present disclosure provides a conduit used with a respiratory or surgical
gases supply system, the conduit comprising a first electnically conductive element; a second
electrically conductive element spaced apart from the first electrically conductive element at a
distance configured to allow a capacitive effect to exist between the first electrically conductive
element and the second electrically conductive element such that the capacitive effect changes
in the presence of moisture; and a material separating the first conductive element from the

second electrically conductive element.
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[0154] In some configurations, at feast one of the electrically conductive elements
can be one or more of a heater wire or sensor wire.

[0155] In some configurations, the conduit can further comprise a controller
configured to determine a presence and/or indication of motsture within the conduit by
determining a capacitance or change in capacitance between the first electrically conductive
element and the second electrically conductive element.

{6156} In some configurations, the controller can be one or more MiCroprocessors.

(0157} In some configurations, the controller can use the first electrically
conductive element and second electrically conductive element to determine the presence or
the mndication of moisture within the conduit by measuring a capacitive reactance and/or
inductance existing between the first electrically conductive element and the second
electrically conductive element.

[0158] In some configurations, the first electrically conductive element and second
electrically conductive element can be placed close enough to allow for a measurable
capacitance, but far enough apart to allow for a measurable change in capacitance due to a
presence of moisture.

01591 The present disclosure provides a conduit used with a respiratory or surgical
gases supply system, the conduit comprising a first electrically conductive element; a second
electrically conductive element, wherein one or more of the first electrically conductive
element and the second electrically conductive element can be configured to provide a
measurement of a time constant or a resonant frequency dicative of a presence or amount of
moisture in a conduit,

0160} In some configurations, the conduit can further comprise a resonant circuit
wherein an mductive element 15 electrically connected m parallel with a capacitive element.

0161} In some configurations, one or more of the first electrically conductive
element and the second electrically conductive element can be configured to be electrically
connected i parallel with a resonant circuit wherein an inductive element 1s electrically
connected in paralle! with a capacitive element.

{8162} in some configurations, the resonant circuit can be external to the conduit.

8163} In some configurations, the resonant circuit can be tuned to exhibit resonant

behavior when excited by a signal.
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[0164] In some configurations, one or more of the first elecirically conductive
element and the second electrically conductive element can be configured to be electrically
connected in paralie! with a signal generator.

{8165} In some configurations, the conduit can comprise a controller configured to
determine a presence and/or indication of moisture within the conduit by determining a time
constant, a resonant frequency, a change i time constani, or a change in resonant frequency.

{8166} In some configurations, one or more of the first electrically conductive
element and the second electrically conductive element can be configured to be electrically
connected in parallel with the controller.

0167} In some configurations, the controller can comprise a signal generator.

{0168} In some configurations, the controller can be one or more microprocessors.

{0169} The present disclosure provides a conduit used with a respiratory or surgical
gases supply system, the conduit comprising a first electrically conductive element; a second
electrically conductive element, wherein one or more of the first electrically conductive
element and the second elecirically conductive element are configured to provide a
measurement of a resistive property mndicative of a presence or amount of moisture in a conduit,

[8176] In some configurations, the first electrically conductive element or the
second electrically conductive element can comprise at least two portions that are electrically
disconnected from one another.

8171} In some configurations, the at least two portions can protrude into a lumen
of the conduit.

8172} In some configurations, the at least two portions can be flush with an inner
wall of the conduit.

0173} In some configurations, the at least two portions can be arranged within the
tube wall and can be pneumatically coupled with the lumen of the conduit.

[8174] In some configurations, the at least two portions that can be electrically
disconnected from one another can be in series with one another.

[0175] In some configurations, the at least two portions that can be elecirically

disconnected from one another can be in parallel with one another.
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[8176] In some configurations, the conduit can further comprise a controller
configured to determine a presence and/or indication of moisture within the conduit by
determining a resistance or change in resistance.

{8177} in some configurations, the controller can be one or more microprocessors.

[0178] The present disclosure provides a conduit used with a respiratory or surgical
eases supply system, the conduit comprising a first electrically conduciive element; a second
electrically conductive element, wherein one or more of the first electrically conductive
element and the second electrically conductive element are configured to provide a
measurement of a temperature or thermal conductivity property indicative of a presence or
amount of moisture in a condurt.

{81794 In some configurations, the first electrically conductive element or the
second electrically conductive element can further comprise a thermistor.

{0180} In some configurations, the first electrically conductive element or the
second electrically conductive element can further comprise a diode.

01811 In some configurations, the diode can be electrically connected in parallel
with the thermistor.

01821 In some configurations, the diode can be electrically connected in parallel,
and positioned substantially adjacent, with the thernustor.

[0183] In some configurations, the first electrically conductive element and the
second electrically conductive element can be adjacent to each other.

0184} In some configurations, the first electrically conductive element and the
second electrically conductive element can be not adjacent to each other.

0185} In some configurations, the fust electrically conductive element and the
second electrically conductive element can be within a bead of the conduit.

0186} In some configurations, the conduut can further comprise a controller
configured to determine a presence and/or indication of moisture within the conduit by
determining a temperature, a thermal conductivity, a change in temperature, or a change n
thermal conductivity of the first elecirically conductive element or the second electrically
conductive element.

[0187] In some configurations, the controller can be configured to apply additional

power to the first elecirically conductive element in conjunction with a normal control power.
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[0188] In some configurations, the controller can be one or more MiCroOprocessors.

[0189] The present disclosure provides a conduit used with a respiratory or surgical
gases supply system, the conduit comprising a first electrically conductive element; a second
electrically conductive element, wherein one or more of the first elecirically conductive
element and the second electrically conductive element are configured to measure a magnitude
and/or phase of a signal or a change in a magnitude and/or phase of a signal indicative of a
presence or amount of moisture in a conduit.

(8190} In some configurations, the first electrically conductive element can be
configured to be a transmitter.

{0191} In some configurations, the second electrically conductive element can be
configured to be a receiver to receive a signal transmitted by the first electrically conductive
element.

f i In some configurations, the transmitter can comprise a loop antenna.

f i In some configurations, the recetver can comprise a loop antenna.

01941 In some configurations, the fransmitter can comprise a monopole antenna.
f i In some configurations, the receiver can comprise a monopole antenna.

f i In some configurations, the first electrically conductive element can be
electrically coupled to a first switch.

[8197] In some configurations, the second electrically conductive element can be
electrically coupled to a second switch.

[6198] In some configurations, the first switch can be configured to electrically
disconnect one end of the first electrically conductive element and the second switch can be
configured to electrically disconmect one end of the second electrically conductive element.

[6199] In some configurations, the conduit can further comprise a controller
configured to determune a presence and/or indication of motsture within the conduit by
determining a magmnitude and/or phase of a signal or a change in a magnitude and/or phase of
a signal i the first electrically conductive element or the second electrically conduective
element.

{6200} in some configurations, the controller can be one or more microprocessors.

6201} In some configurations, the material can be a fluid permeable material
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6202} Throughout the present disclosure, the “liqud” and “fhud” are used
mterchangeably.

{6203} In some configurations, the first electrically conductive element and second
electrically conductive element can be elongate filaments.

{8204} In some configurations, the elongate filament can be surrounded by an
electrically insulating jacket.

[6205] In some configurations, the first electrically conductive element and second
electrically conductive element can be spirally wound about at least a portion of a length of the
conduit.

8206} In some configurations, the first electrically conductive element and second
electrically conductive element extend from one end of the conduit to the other end of the
conduit.

102071 In some configurations, the first electrically conductive element and second
electrically conductive element extend only a portion of a length from one end of the conduit
to the other end of the condut.

[6208] In some configurations, the conduit can include and/or communicate with a
controller configured to determine a presence and/or indication of moisture within the conduit
by determining a capacitance or change in capacitance between the first electrically conductive
element and the second electrically conductive element.

{6209} In some configurations, the conduit can be a composite conduit.

0210} In some configurations, the first electrically conductive element and second
electrically conductive element form part of a wall of the condut.

{92311 In some configurations, the first electrically conductive element and second
electrically conductive element can form part of a bead disposed in a compostte conduit.

0212} In some configurations, alternatively, the first conductive element and
second electrically conductive element can be disposed in the conduit such that the first
conductive element and second electrically conductive element can freely move within the
conduit.

{8213} In some configurations, the material can be a vapor and/or liguid permeable

material.
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[0214] In some configurations, the material can allow evaporation of water to
ambient air while inhibiting passage of liquid water and breathing gases to ambient air.

6215} In some configurations, the material can be a one or more of an activated
perfluorinated polymer material having extreme hydrophilic properties, hydrophilic
thermoplastic, breathable thermoplastic copolyester, woven treated fabric exhibiting
breathable characteristics, or a hydrophilic polyester block copolymer.

{6216} In some configurations, the condwit can further comprise microstructures
configured to use capillary action to move moisture.

82171 In some configurations, the vaper and/or liquid permeable material can be
a dielectric material.

0218} In some configurations, the conduit further can comprise microstructures
configured to wick moisture across a portion of the first electrically conductive element and/or
the second electrically conductive element.

{0219} In some configurations, the conduit further can comprise openings
configured to convey moisture by capillary action between the first electrically conductive
element and the second electrically conductive element.

(0220} In some configurations, the conduit further can comprise a wicking material
configured to convey moisture between the first electrically conductive element and the second
electrically conductive element.

8221} In some configurations, the first electrically conductive element and the
second electrically conductive element can be ribbon wires.

{6222} In some configurations, the first electrically conductive element and the
second electrically conductive element can be comprised within a permeable, non-permeable
or partially permeable and non-permeable bead.

02231 In some configurations, the first electrically conductive element and the
second electrically conductive element and bead can be coextruded.

[8224] In some configurations, the conduit can further comprise an electricaily
conductive mesh.

{0225} In some configurations, a spacing between the first electrically conductive
element and the second electrically conductive element can be variable depending a presence

and/or amount of moisture present within the conduit,



WO 2023/084492 PCT/1B2022/060952
24

[8226] In some configurations, the material can cause the first electrically
conductive element and the second electrically conductive element to touch or separate based
on a presence of moisture.

{08227} In some configurations, the matenal can comprise an opening, kevhole, dip,
channel and/or void configured to allow moisture between the first electrically conductive
element and the second electrically conductive element and affect a capacitive effect between
the first electrically conductive element and the second electrically conductive element.

06228} In some configurations, the first electrically conductive element and the
second electrically conductive element can be sensitive to touching of the conduit.

{06229} In some configurations, the material can comprise an accordion shape that
expands or contracts in the presence of muoisture, thereby moving the first electrically
conductive element and the second electrically conductive element further apart or closer
together.

{0230} In some configurations, the material can cause the first electrically
conductive element and the second electrically conductive element to touch or separate based
on a presence of moisture.

02311 The present disclosure provides a humidifier system useable in a gases
supply system, the humidifier systemn comprising: a humidifier; a conduit comprising a
conductive element; and a controller configured to monitor a signal using the electrically
conductive element to determine a value indicative of moisture in the conduit based at least in
part on the signal.

{6232} In some configurations, the signal can be indicative of a time constant or a
resonant frequency of the electrically conductive element.

{6233} In some configurations, the signal can be indicative of a change in a time
constant or a change i a resonant frequency of the electrically conductive element.

[8234] In some configurations, the value can be mdicative of moisture in the
conduit corresponds to an inductance of the condwnt.

82351 In some configurations, the value indicative of moisture in the conduit can

correspond to a change in inductance of the conduit.
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[08236] In some configurations, the humidifier system can further comprise a
resonant circuit wherein an inductive element is elecirically connected in parallel with a
capaciiive element.

{8237} In some configurations, the resonant circuit can be electrically connected in

parallel with the electrically conductive element.

{06238} In some configurations, the humidifier system can further comprise a signal
generator.
{06239} In some configurations, the controller can comprise a signal generator.

{82401 In some configurations, the controller can comprise one or more hardware
and/or software processors.

82411 In some configurations, the resonant circuit can be tuned to exhibit resonant
behavior when sufficiently excited by the signal.

02421 In some configurations, the resonant circuit can be tuned to exhibit resonant
behavior when excited by the signal, wheremn the signal has been selected to excite the resonant
circuit.

[0243] In some configurations, the controller can be configured to apply additional
power 1o the electrically conductive element in conjunction with a normal control power.

0244} In some configurations, the humudifier system can further comprise an AC
power supply.

[6245] In some configurations, the humidifier systern can further comprise a DC
power supply.

[6246] In some configurations, the signal can be indicative of a temperature of the
electrically conductive element.

[6247} In some configurations, the signal can be indicative of a change temperature
of the electrically conductive element.

[6248] In some configurations, the signal can be indicative of a thermal
conductivity of a mediom proximal to the electrically conductive element.

{82491 In some configurations, the signal can be indicative of a change in thermal
conductivity of a medium proximal to the electrically conductive element.

{6250} In some configurations, a change in temperature of the elecirically

conductive element can be substantially linear.
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8251} In some configurations, the electrically conductive element can further
comprise a thermistor.

{06252 In some configurations, the electrically conductive element can further
comprise a diode.

{8253} In some configurations, the diode can be electrically connected in parallel
with the thermistor.

{6254} In some configurations, the diode can be electrically connected in parallel,
and positioned substantially adjacent, with the thermistor,

82551 In some configurations, the electrically conductive element can be withina
bead of the conduit.

082561 Insome configurations, the electrically conductive element can measure the
signal.

{02571 In some configurations, the controller can be configured to output an alarm
it the value indicative of moisture falls below a first threshold value.

02581 In some configurations, the controller can be configured to output an alarm
it the value indicative of moisture exceeds a second threshoid value.

{62591 In some configurations, the alarm indicates an unacceptable level of
moisture.

[0260] In some configurations, the alarm indicates an unacceptable level of
moisture.

0261} In some configurations, the controller can be configured to automatically
reduce humidification of breathing or insufflation gases in response to the value indicative of
moisture and/or hamidity in the conduit,

{0262} In some configurations, the redoction of humdity delivered to the conduit
can be achieved by a reduction m heater plate power.

[8263] In some configurations, the conduit can be a compostte conduit.

{06264} In some configurations, the condwnt can comprise a vapor and/or hquid
permeable bead.

{0265} In some configurations, the permeable bead can allow evaporation of water

to ambient air while mhibiting passage of ligpud water and breathing gases to ambient air.
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[0266] In some configurations, the permeable bead can be one or more of an
activated perfluorinated polymer material having extreme hydrophilic properties, hydrophilic
thermoplastic, breathable thermoplastic copolyester, woven treated fabric exhibiting
breathable characteristics, or a hydrophilic polyester block copolymer.

8267} In some configurations, the electrically conductive element can be spirally
wound about at least a length of the conduit.

{6268} In some configurations, the electrically conductive element can be spirally
wound within, through or around the conduit.

82691 In some configurations, the electrically conductive element can form part
of the conduit walls.

82761 Insome configurations, the electrically conductive element can be a sensing
wire. The electrically conductive element can be a heater wire.

102711 The present disclosure provides a method of detecting moisture in a conduit
utilized to transport hunudified gases, the method comprising providing an electrically
conductive elements located within, around or on the conduit and measuring a time constant,
a resonant frequency, a change in a time constant, or a change in a resonant frequency to
indicate a measure of moisture or condensate within the conduit.

8272} In some configurations, the method uses the conduit of any of conduit
mplementations disclosed herein,

8273} In some counfigurations, the method uses the humidifier system of any
humidifier system disclosed herein.

[6274] The present disclosure provides a method of detecting moisture in a conduit
utifized to transport hummdified gases, the method comprising providing an electrically
conductive elements located within, around or on the conduit and measuring a temperature ot
a change in temperature to indicate a measure of moisture or condensate within the conduit.

[8275] In some configurations, the method uses the conduit of any of conduit
implementations disclosed herein,

0276} In some configurations, the method uses the humidifier system of any
humidifier system disclosed herein.

82771 The present disclosure provides a method of detecting moisture in a conduit

utilized to transport humidified gases, the method comprising providing an electrically
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conductive elements and located within, around or on the conduit and measuring a thermal
conductivity or a change in thermal conductivity to indicate a measure of moisture or
condensate within the conduit.

{6278} in some configurations, the method uses the conduit of any of conduit
implementations disclosed herein.

{8279} in some configurations, the method uses the humidifier system of any
humudifier system disclosed herein.

(6230} The present disclosure provides a cartridge for use with a humidifier ina
respiratory or surgical humidification system, the cartridge comprising one or more sensors for
sensing a property of a gases flow in a removable hunudification chamber of the hunudifier; a
first electrical connector configured to make an electrical connection with a corresponding
electrical connector of the humidifier; a second electrical connector configured to make an
electrical connection with a corresponding electrical connector of an mspiratory conduit
removably engageable with the cartridge, wheremn the second elecitical connector can
comprise at least one electrical terminal or pad configured to make an electrical coupling with
an electrically conductive element extending along at least a portion of a length of the
mspiratory conduit; and a controlier communicatively coupled with the one or more sensors
and the first and the second electrical connectors.

[6281] In some configurations, the cartridge can be removably attachable to the
humidifier, and the controller can be configured to, in use, measure a signal indicative of a
time constant or a resonant frequency of a circuit comprising the electrically conductive
element of the removable mspiratory conduit.

0282} The present disclosure provides a cartridge for use with a humidifier o a
respiratory or surgical humidification system, the cartridge comprising one or more sensors for
sensing a property of a gases flow n a removable humidification chamber of the humidifier; a
first electrical connector configured to make an electrical connection with a corresponding
electrical connector of the humidifier; a second electrical connector configured to make an
electrical connection with a corresponding elecirical connector of an inspiratory conduit
removably engageable with the carindge, wherein the second elecirical connector can
comprise at least one electrical terminal or pad configured to make an electrical coupling with

an electrically conductive element extending along at least a portion of a length of the
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mspiratory conduit; and a controller communicatively coupled with the one or more sensors
and the first and the second electrical connectors.

0283} In some configurations, the cariridge can be removably attachable to the
humidifier, and the controller can be configured to, in use, measure a signal indicative of a
temperature of the electrically conductive element of the removable inspiratory conduit.

[05284] The present disclosure provides a cartridge for use with a humidifier in a
respiratory or surgical humidification system, the cartridge comprising one or more sensors for
sensing a property of a gases flow i a removable hunudification chamber of the humidifier; a
first electrical connector configured to make an electrical connection with a corresponding
electrical connector of the hunudifier; a second electrical connector configured to make an
electrical connection with a corresponding electrical connector of an inspiratory conduit
removably engageable with the cartridge, wherein the second elecirical connector can
comprise at least one electrical terminal or pad configured to make an electrical coupling with
an electrically conductive element extending along at least a portion of a length of the
mspiratory conduit; and a controller communicatively coupled with the one or more sensors
and the first and the second electrical connectors.

{02851 In some configurations, the cartridge can be removably attachable to the
humidifier, and the controller can be configured to, in use, measure a signal indicative of a
thermal conductivity of a medium proximal to the electrically conductive element of the
removable inspiratory conduit.

{0286} The present disclosure provides a hunudifier useable in a gases supply
system, the humidifier comprising a humidification chamber configured to humidify a gases
supply; an mspiratory conduit connector configured to connection with an inspiratory conduit
mcluding an electrically conductive element; a controlier configared to monitor a signal using
the electrically conductive element to determine a value indicative of moisture in the conduit
based at least 1n part on the signal.

{6287} In some configurations, the signal can be indicative of a time constant or a
resonant frequency of the electrically conductive element.

{06288} In some configurations, the signal can be indicative of a temperature of the

electrically conductive element.
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[0289] In some configurations, the signal can be indicative thermal conductivity of
a medium proximal to the electrically conductive element.

{6290} In some configurations, the controller can comprise a signal generator.

{8291} in some configurations, the conirolier can comprise one or more hardware
and/or sofiware processors.

{8292} in some configurations, the humidifier can further comprise the conduit of
any of conduit implementations disclosed herein.

06293} The present disclosure provides a conduit used with a respiratory or surgical
gases supply system, the conduit comprising an electrically conductive element, wherein the
electrically conductive element is configured to provide a measurement of a time constant or
a resonant frequency indicative of a presence or amount of moisture in a conduit.

{6294 In some configurations, the conduit can further comprise a resonant circuit
wherein an mductive element is electrically connected in parallel with a capacitive element.

[0295] In some configurations, the resonant circuit can be external to the conduit.

82961 In some configurations, the resonant circuit can be tuned to exhibit resonant
behavior when sufficiently excited by the signal.

[6297] In some configurations, the resonant circuit can be tuned to exhibit resonant
behavior when excited by the signal, wherein the signal has been selected to excite the resonant
circuit.

[6298] In some configurations, the electrically conductive element can be
configured to be electrically connected in parallel with a signal generator,

[6299] In some configurations, the conduit can further comprise a controller
configured to determune a presence and/or indication of moisture within the conduit by
determining a time constant, a resonant frequency, a change in time constant, or a change in
resonant frequency.

[6300] In some configurations, the electrically conductive can be configured to be
electrically connected in parallel with the controller.

83011 In some configurations, the controller can comprise a signal generator.

{8302} In some configurations, the controller can comprise one or more

MICTOProOCEssOLs.
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[8303] The present disclosure provides a condutt esed with a respiratory or surgical
eases supply system, the conduit comprising an electrically conductive element, wherein the
electrically conductive element 1s configured to provide a measurement of a temperature or
thermal conductivity property indicative of a presence or amount of moisture in a conduit.

[8304] In some configurations, the electrically conductive element can further
comprise a thermistor,

[8305] In some configurations, the elecirically conductive element can further
comprise a diode.

83061 In some configurations, the diode can be electrically connected in parallel
with the thermistor.

83071 In some configurations, the diode can be electrically connected in parallel,
and positioned substantially adjacent, with the thermistor.

10308} In some configurations, the electrically conductive element can be within a
bead of the conduit.

683091 In some configurations, the conduit can further comprise a controller
configured to determine a presence and/or indication of moisture within the conduit by
determining a temperature and/or a change in temperature of the electrically conductive
element, and/or by determining a thermal conductivity of a medm proximal to the electrically
conductive element and/or a change in thermal conductivity of a medium proximal to the
electrically conductive element.

{8310} In some configurations, the controller can be configured to apply additional
power to the electrically conductive element in conjunction with a normal control power,

{0311} In some configurations, the coutroller can be one or more microprocessors

8312} The present disclosure can be applied to any known conduit with two
electrically conductive elements.

[8313] In some configurations, the material can be a fluid permeable material.

{8314} In some configurations, the electrically conductive element can be elongate
filaments.

{8315} in some configurations, the elongate filament can be surrounded by an

electrically insulating jacket.
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[8316] In some configurations, the electrically conductive element can be spirally
wound about at least a portion of a length of the conduit.

83171 In some configurations, the electrically conductive element may extend
from one end of the conduit to the other end of the conduit.

8318} In some configurations, the electrically conductive element may extend
only a portion of a length from one end of the conduit to the other end of the conduit.

{6319} In some configurations, the conduit can be a composite conduit.

(6320} In some configurations, the electrically conductive element can form part
of a wall of the conduit.

8321} In some configurations, the electrically conductive element can form part
of a bead disposed in a composite conduit. Alternatively, the first conductive element and
second electrically conductive element can be disposed in the condwit such that the first
conductive element and second electrically conductive element can freely move within the
conduit.

83221 In some configurations, the material can be a vapor and/or liquid permeable
material,

[8323] In some configurations, the material can allow evaporation of water to
ambient air while inhibiting passage of liquid water and breathing gases to ambient air.

{0324} In some configurations, the material can be a one or more of an activated
perfluorinated polymer material bhaving extreme hydrophilic properties, hydrophilic
thermoplastic, breathable thermoplastic copolyester, woven treated fabric exhibiting
breathable charactenstics, or a hydrophilic polyester block copolymer.

[8325] In some configurations, the conduit can further comprise microstructures
configured to use capillary action to move moisture.

[0326] In some configurations, the vapor and/or hiquid permeable material can be
a dielectric material.

{8327} In some configurations, the conduit further can comprise nmicrostructures
configured to wick moisture across a portion of the elecirically conductive element.

{6328} In some configwations, the conduit further can comprise openings
configured {0 convey moisture by capillary action. The conduit further can comprise a wicking

material configured to convey moisture.
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[8329] In some configurations, the electrically conductive element can be ribbon
wires.

{63301 In some configurations, the electrically conductive element can be
comprised within a permeable, non-permeable or partially permeable and non-permeable bead.

{8331} In some configurations, the electrically conductive element and bead can be
coextruded.

{6332} In some configurations, the conduit can further comprise an elecirically
conductive mesh.

83331 In some configurations, the electrically conductive element can be sensitive
to touching of the conduit.

83341 A humidifier system according to the present disclosure may deliver a flow
of gases to a user. The humidifier may provide a humidifier that may heat and humidify the
gases, a conduit to transport the gases from the humidifier to the user, at least one sensor that
may output at least one sensor signal based on an amount of moisture present in a component
of the system, and a controller to control operation of the humidifier. The controller may
determine at least one value indicative of the amount of moisture present in the component
based at least in part on the at least one sensor signal and execute one or more moisture
management responses based on the at least one value mdicative of the amount of moisture
present in the component.

8335} In some configurations, the one or more moisture management may include
one or more of the following: generating at least one notification and/or alarm, changing power
supplied to a humidifier heater, changing power suppled to at least cne conduit heater,
changing a mode of the humidifier, and/or changing a parameter of a ventilator which may be
part of the humidification system.

{0336} In some configurations, the component may nclude the condwtt, a portion
of the conduit, a connector, a portion of a chamber that may be exposed to the flow of gases,
and/or a patient interface.

{83371 In some configurations, the moisture present in the component of the system
may include condensate, and/or water in a vapor permeable and/or liquid permeable material

of the component of the system.



WO 2023/084492 PCT/1B2022/060952
34

6338} In some configurations, the vapor permeable material may be a breathable
material.

{63391 In some configurations, the at least one value indicative of the amount of
moisture present in the component may include at least one of a value indicative of the amount
of condensate in the component of the system, and/or a value indicative of the amount of water
in the vapor permeable and/or liquid permeable material of the component of the system. The
value indicative of the amount of moisture present in the component may be a sum of the value
indicative of the amount of condensate in the component of the system and the value indicative
of the amount of water in the vapor permeable and/or liquid permeable material of the
component of the system.

{83401 In some configurations, the controller may determine at least one value
indicative of the amount of moisture present in the component based on a humidity output of
the hunudifier.

{0341} In some configurations, the controller may determine that a predetermined
level of moisture may be present in the component based on the at least one value indicative
of the amount of moisture present in the component.

{03421 Insome configurations, the controller may determine that the predetermined
level of moisture may be present in the component based on comparing the at least one value
ndicative of the amount of moisture present in the component and at least one threshold.

8343} In some configurations, the predetermined level of moisture may be
determined to be present in response to the at least one the at least one value being above the
at feast one threshold.

{83441 In some configurations, the predetermined level of moisture may be
determined to be present in response to the at least one value being below the at least one
threshold.

[8345] In some configurations, the at least one threshold mat include an absolute
value threshold, a value change threshold, a percentage threshold of a maximum sensor output,
a perceniage change threshold, a percentage change over time threshold, a gradient threshold,
and/or a crossing threshold.

[8346] In some configurations, the maximum sensor output may provide an output

indicating that the vapor and/or liguid material of the conduit may be saturated with moisture.
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{0347} In some configurations, the maximum sensor output may provide an output
indicating that the predetermined or acceptable amount of moisture may be present.

{63481 In some configurations, the percentage threshold may be 80%.

{8349} In some configurations, the percentage threshold may be 90%

{83501 In some configurations, the percentage threshold may be 100%.

{8351} in some configurations, the crossing threshold may occur when the output
crosses a particular threshold a number of times. This may optionally be over a predetermined
time period.

83521 In some configuraticons, the system may generate at least one notification
and/or alarm in response to the predetermined level of moisture determined to be present in
the component.

{6353} In some configurations, the controller may determine the presence of
condensate in the component based on a comparison between the at least one value indicative
amount of moisture present in the component and at least one condensate threshold.

83541 In some configurations, the controller may determine the presence of a
predetermined amount of water in a vapor permeable and/or liquid permeable material of the
component of the system based on a comparison between the at least one value indicative of
the amount of moisture present in the component and at least one water amount threshold. The
predetermined amount of water may optionally be indicative of saturation of the vapor and/or
liquid permeable material.

0355} In some configurations, the controller may control the heater of the
hurmidifier and/or the heater of the conduit to achieve a humidity target.

8356} In some configurations, the humidity target may iuclude a dew point target,
an absolute target, and/or a relative humidity target.

{03571 In some configurations, the controller may decrease humidity target, and
optionally the absolute humidity and/or relative humidity target, of the flow of gases in
response to a predetermined amount of moisture being determined to be present in the
component.

{08358} in some configurations, the humidifier may include a heater configured to
heat the humidification hiquid.

{8359} in some configurations, the heater may include a heater plate.
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[8360] In some configurations, the conduit may include at least one heater wire to
heat the flow of gases in the conduit.

83611 In some configurations, the controller may decrease the absclute humidity
of the flow of gases by changing at least one operating parameter of the heater of the
humudifier.

{8362} in some configurations, the controller may decrease the relative humidity
of the flow of gases by changing the at least one operating parameter of the heater of the
humidifier.

[8363] In some configurations, the changing includes decreasing or limiting or
disabling the relative hunudity of the flow of gases.

0364} In some configurations, the at least one operating parameter may include a
heater temperature set point and/or a power to a heater.

10365} In some configurations, the controller may decrease the relative hunudity
target of the flow of gases by changing at least one operating parameter of the heater of the
conduit In some configurations, the changing may include increasing the operating parameter.

(8366} In some configurations, the operating parameter of the at least one heater of
the conduit may be a patient end temperature set point and/or a power to the at least one heater
of the conduit.

[8367] In some configurations, the operating parameter of the heater of the
humidifier and/or the heater of the conduit may be changed based on the at least one value
ndicative of the amount of moisture present in the component.

[8368] In some configurations, the controller may further decrease an absolute
humidity targe, and/or a relative humndity target n response to determining that the
predetermined level of moisture may be still present in the component a predetermined time
period after mitially determining that the predetermined level of moisture may be present.

[8369] In some configurations, the controller may return to a normal operation,
and/or revert to an original absolute humidity and/or relative humidity target of the flow of
gases, in response to determining that the predetermined level of moisture may be no longer
present in the component after initially determining that the predetermined level of moisture

may be present.
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[8370} In some configurations, the controlier may return to normal operation,
and/or revert to an original absolute humidity and/or relative humidity target of the flow of
gases, in response to determining that the predetermined level of moisture may be no longer
present in the component after initially determining that the predetermined level of moisture
may be present.

{8371} In some configurations, the controller may determine that the predetermined
level of moisture may be no longer present in the component in response to detecting an
absence of moisture or a small amount of moisture present in the component.

(83721 In some configurations, the controller may determine that the predetermined
level of moisture may be no longer present in the component in response to detecting an
absence of condensate or a small amount of condensate present in the component.

{6373} In some configurations, at least a portion of the conduit or another
component of the system may include a vapor permeable and/or liquid permeable material.

{0374} In some configurations, the conduit may include at least a first electrically
conductive element and a second electrically conductive element, the at least one sensor signal
comprising a signal generated using one or more of the at least first and second electrically
conductive elements.

8375} In some configurations, the first electrically conductive element and the
second electrically conductive elerent may be spirally wound about at least a length of the
conduit.

[8376] In some configurations, the first electrically conductive element and the
second electrically conductive element are spually wound within, through, or around the
conduit.

{8377} In some configurations, the first electrically conductive element and the
second electrically conductive element for part of condust walls.

[8378] In some configurations, the first electrically conductive element may be a
sensing wire

83791 In some configurations, the first electrically conductive element may be at
least one heater wire.

{8380} In some configurations, the second electrically conductive element may be

at least one heater wire.
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[0381] In some configurations, the vapor permeable and/or liquid permeable
material may be a dielectric material.

63821 In some configurations, the dieleciric material may be vapor or liquid
permeable.

8383} In some configurations, the vapor permeable dielectric material may allow
for evaporation of water to ambient air while mhibiting passage of hiquid water and breathing
gases to ambient air,

[0384) In some configurations, the other component may include a patient
interface.

[8385) In some configurations, the other component may include connectors and/or
adaptors.

[6386] In some configurations, the conduit may include a composite conduit,

{03871 In some configurations, the conduit may include a vapor and/or liquid
permeable bead.

63881 In some configurations, the vapor permeable bead allows evaporation of
water to ambient air while inhibiting passage of hiquid water and breathing gases to ambient
air.

{06389} In some configurations, the vapor permeable bead may be an activated
perfluorinated polymer material having extreme hydrophilic properties, hydrophilic
thermoplastic, breathable thermoplastic copolyester, woven treated fabric exhubiting
breathable characteristics, and/or a hydrophilic polyester block copolymer.

{6390} In some configurations, the signal may be indicative of a capacitance
between the first electrically conductive element and the second electrically conductive
element.

{03911 In some configurations, the signal may be indicative of a change m
capacttance between the fust electrically conductive element and the second electrically
conductive element.

63921 In some configurations, the first electrically conductive element and the
second electrically conductive element are separated by a distance configured to allow for a
capacitive charge 1o be sensed between the first electrically conductive element and the second

electrically conductive element.
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[8393] In some configurations, the humidifier systemn may further mclude a
dielectric material located between the first electrically conductive element and the second
electrically conductive element.

{8394} in some configurations, the controller may determine the at least one value
indicative of moisture based on a comparison of a measurement of the first elecirically
conductive element and/or the second electrically conductive element.

{8395} In some configurations, the signal may be indicative of a temperature of the
first electrically conductive element or the second electrically conductive element.

83961 In some configurations, the signal may be indicative of a change in
temperature of the first electrically conductive element or the second electrically conductive
element.

{6397} In some configurations, the signal may be indicative of a thermal
conductivity of a medium between the first electrically conductive element and the second
electrically conductive element, or the at least one signal may be mdicative of a thermal
conductivity of a medium proximal to the first electrically conductive element or the second
electrically conductive element.

{03981 In some configurations, the signal may be indicative of a resistance of the
first electrically conductive element or the second electrically conductive element.

{03991 In some configurations, the first electrically conductive element or the
second electrically conductive element comprise at least two portions that are electrically
disconnected from one ancther.

{0400} In some configurations, the two portions may be in series with one another.

04011 In some configurations, the humidifier system may further include a signal
generator wherein the controller may determine that at least one value indicative of the amount
of mosture in the conduit based at least in part on a magnitude and/or phase of the at least one
stgnal.

{0402} In some configurations, the at least one value indicative of the amount of
moisture in the conduit may correspond to an inductance of the condut.

{8403} In some configurations, the at least one value indicative of the amount of

moisture in the conduit corresponds to a change in mductance of the conduit.
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6404} In some configurations, the predetermined level of moisture present in the
component may be indicative of a predetermined amount of water in a vapor permeable and/or
liquid permeable material of the component of the system.

[D405] in some configurations, the controller may initially change an operating
parameter of the at least one heater wire of the condunt in response to the predetermined level
of moisture being determined to be present in the component. In some configurations, the
changing may include decreasing, limiting, or disabling the operating parameter. In some
configurations, the decreasing or limiting includes decreasing or limiting power to the at least
one heater wire to a range of 3.0W/m to 7.0W/m.

{0486 In some configurations, the controller may maintain the initially changed
operating parameter of the heater wire of the conduit.

{0407} In some configurations, maintaining the witially changed operating
parameter of the at least one heater wire of the conduit may increase a moisture saturation of
the vapor permeable and/or hiquid permeable material. This change may optionally be an
increase to a predetermined motsture saturation.

{0408} In some configurations, the controller may further change the operating
parameter of the at least one heater wire of the conduit.

{6409} In some configurations, the controller may further change the operating
parameter of the heater wire of the conduit a predetermined time after having maintained the
mitially changed operating parameter.

0410} In some configurations, the further change may be an increase of the
operating parameter.

[B411} In some configurations, the controller may change an operating parameter
of the heater of the conduit in response to the predetermined level of moisture being determined
to be present 1n the component.

(8412} In some configurations, the predetermined level may be a percentage
threshold of 2 maximum sensor output. In some configurations, the percentage threshold may
be 80%. In some configurations, the percentage threshold may be 90%. In some configurations,
the percentage threshold may be 100%. A fully saturated permeable material may be at 100%.

8413} In some configurations, the maximum sensor output may be an output

indicating that a bead of the conduit may be saturated with moisture.
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[0414] In some configurations, the maximum sensor output may be an output
indicating that the predetermined or acceptable amount of moisture may be present.

8415} In some configurations, the controller may maintain the changed operating
parameter of the at least one heater wire of the conduit to allow for dryving of the vapor
permeable and/or iquid permeable material via evaporation to the atmosphere.

[p416] in some configurations, the humidifier system may maintain the changed
operating parameter increase a rate at which the moisture may be transferred across the vapor
permeable material to the atmosphere.

84171 In some configurations, the changed operating parameter may include an
increased power to between 10W/m and 14W/m to the at least one heater wire.

{8418} In some configurations, the controller may return to a normal or original
operating parameter of the at least one heater of the conduit a predetermined time after having
maintained the changed operating parameter.

{0419} In some configurations, the controller may repeat increasing and maintain
the operating parameter and then decreasing and maintaining the operating parameter a number
of times before returning to the normal or oniginal operating parameter.

{04201 In some configurations, the controller may return to a normal or original
operating parameter of the at least one heater of the conduit in response to the predetermined
level of moisture in the component being determined to fall below a threshold. In some
configurations, the threshold may be a percentage threshold. In some configurations, the
percentage threshold may be 20%. In some configurations, the percentage threshold may be
15%. In some configurations, the percentage threshold may be 0%,

{0421} In some configurations, the controlier may return to the normal or original
operating parameter of the at least one heater wire of the conduit in response to the
predetermuned quantity of water molecules m the vapor permeable and/or liquid permeable
material being determined to fall below a water molecule threshold.

(8422} In some configurations, the controlier may return to the normal or original
operating parameter of the at least one heater wire of the conduit in response to the
predetermined level of condensate in the component being determined to fall below a

condensate threshold.
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[0423] In some configurations, the operating parameter of the at least one heater
wire of the conduit may include a patient end temperature set point, and/or a power to the at
least one heater wire.

{8424} In some configurations, the controller may increase a temperature of the
vapor permeable material via a heater of the conduit {o increases a rate at which water passes
from one side of the material to an opposite side of the material.

{8425} In some configurations, the controller may increase a temperature of the
liquid permeable material via a heater of the conduit to increases an evaporation rate of liguid
water in the liquid permeable matenial to atmosphere.

[0426] In some configurations, the controller may control a relative humidity
gradient between the vapor permeable and/or liquid permeable material and the atmosphere to
be greater than a relative humidity gradient between the vapor permeable and/or hiquid
permeable material and a lumen of the conduit.

{04271 In some configurations, the humidifier svstem may include a moisture
draining assembly configured to collect condensate and/or transport the condensate back
towards the humidification chamber,

{04281 In some configurations, the moisture draining assembly may include a water
trap configured to collect the condensate.

{04291 In some configurations, the moisture draining assembly comprises at least
one valve electronically coupled to the controller. The controller may actuate the at least one
valve based on the at feast one sensor signal.

[6430] In some configurations, the controller may actuate the at least one valve into
an open position i response to a predetermined level of moisture being determined to be
present 10 the component.

(04311 In some configurations, the controller may actuate the at least one valve into
an open posttion in response to a predetermined level of condensate being determined to be
present in the component.

{84321 In some configurations, the moisture draining assembly may include a
moisture conveying assembly configured to convey moisture collected in the water trap or the

conduit back to the humidification chamber.
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[8433] In some configurations, the moisture draining assembly may further include
a conveving conduit, and/or a pump. In some configurations, the pump may be a peristaltic
pump.

{08434} in some configurations, the controller may determine a chamber overflow
event based on the at least one value indicative of the amount of moisture present in the
component.

{8435} In some configurations, the component may be located near an outlet of a
humidification chamber of the humidifier.

{84361 In some configurations, the sensor may include a temperature sensor located
near a distal end of the conduit.

84371 In some configurations, the controller may determine a dew point
temperature or a value indicative thereof of the flow of gases based on a temperature of the
flow of gases sensed by the temperature sensor in response to determining the presence of a
predetermined amount of moisture.

64381 In some configurations, the controller may determine the dew point
temperature or a value indicative thereof based on the temperature of the flow of gases sensed
by the temperature sensor in response to determining the presence of a predetermined amount
of condensate.

{04391 In some configurations, the dew point temperature or a value indicative
thereof may be the temperature of the flow of gases sensed by the temperature sensor.

{04401 Insome configurations, the controller may control a heater of the humidifier
or a heater of the conduit based on the determined dew point temperature or a value indicative
thereof.

{0441} In some configurations, the controller may decrease an operating parareter
of the heater of the condust to mcrease a relative humudity in the condunt and induce formation
of condensate.

{0442} In some configurations, the controller may control the gases exiting the
humudifier to reach a dew point temperature set poini.

{3443} In some configurations, the controller may determine that a source of the

gases for the humidifier may be the ambient air or from a room-entraining ventilator in
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response to determining that a patient end temperature may be greater than the dew point
temperature set point and that a predetermined level of moisture may be present.

{84441 In some configurations, when the controller determines that a source of the
gases for the humidifier is the ambient air or from a room-entraining ventilator, the controller
may control a temperature set point of the humidifier to a constant value.

{8445} in some configurations, the temperature set point can be a chamber outlet
set point.

0446} In some configurations, the chamber outlet set point may correspond to the
dew point of the gases.

[0447] In some configurations, the controller may determine the presence of a
predetermined level of moisture in the conduit based on the at least one value indicative of the
amount of moisture in the conduit in response to the conduit being connected to a humidifier
and/or prior to operation of the humidifier.

[0448] In some configurations, the controller may determine the presence of the
predetermined level of moisture in the conduit based on a comparison between a threshold and
the at least one value indicative of the amount of moisture in the condust.

{04491 In some configurations, the controller may determine the presence of the
predetermined level of moisture in the conduit when the conduit may be first connected to the
hunudifier.

{8450} In some configurations, the predetermined level of moisture present in the
conduit may be a level for which a new unused conduit may be needed or the conduit needs to
be checked for fauits or dried further.

{0451} In some configurations, the controller may generate an alarm 1n response to
determining the presence of the predetermined level of moisture in the conduat.

04521 In some configurations, the alarm can include a visual and/or audio
mdication.

{0453} In some configurations, the controlier may prevent use of the conduit with
the humidifier in response to determining the presence of the predetermined level of moisture
in the conduit by preventing powering of the heater of the conduit and/or preventing use of the
homudifier while connected to the conduit.

{0454 In some configurations, the conduit may not include a patient end sensor.
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[8455] In some configurations, the at least one sensor signal based on the amount
of moisture present in the component may further include a signal relating to a humidity of the
gases in the component.

{8456} in some configurations, the signal relating to the humidifier of the gases in
the component may be filtered from the at least one signal or ignored by the controller.

{8457} in some configurations, the controller may determine at least one value
mdicative of the amount of moisture present in the component based on the at least one sensor
signal and control a function of the gases source to reduce mwoisture in response to a
predetermined amount of moisture determined to be present in the component based on the
value.

{04581 In some configurations, the function may include reducing a tidal volume,
increasing an inspiratory rise time, reducing inspiratory to expiratory ratio, increasing an inlet
gases terperature, and/or reducing an amount of entrained air and/or switching to a wall or
bottle gases source.

{84591 In some configurations, the gases source may include a ventilator.

{0460} In some configurations, the gases source may nclude a glow generator.
[0do1] In some configurations, the controlier may determine at least one value

mdicative of the amount of moisture present in the component based on the at least one sensor
signal, and determine a water-out condition of the humidification chamber based on the at least
one value indicative of the amount of moisture present in the component.

{0462} In some counfigurations, no water-out condition may be deternuned n
response to detecting an increase in the amount of moisture and/or hurnidity in the cormponent.

8463} In some configurations, no water-out condition may be determimed m
response to the increase in the amount of mosture and/or humidity in the component being
above a threshold.

[8464] In some configurations, a water-out condition may be determined in
response to detecting no increase in the amount of moisture and/or humidity 1o the component.

[0465] In some configurations, a water-out condifion may be determined in
response to the increase in the amount of moisture and/or humidity in the component being

below a threshold.
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[08466] In some configurations, the water-out condition comprises no water present
or a predetermined level of water present.

{84671 In some configurations, the controller may increase power to a heater plate
of the hunidifier and/or reduce power to at least one heater wire of a conduit configured to
provide the gases from the humdifier to the user so as to merease humidity and/or increase
moisture.

{8468} In some configurations, the increased moisture may be condensate or water
i vapor permeable and/or liquid permeable material.

{0469 In some configurations, the controller may determine the water-out
condition subsequent to increasing the power to the heater plate and/or reducing the power to
the at least one heater wire i response to the predetermined amount of moisture and/or
humidity being determined to be below a threshold.

104701 A humidifier system may deliver a flow of gases to a user. The humidifier
system may mclude a humidifier to heat and humidify the gases, at least one sensor to output
at least one sensor signal based on an amount of moisture and/or hunudity present in a
component of the system, and a controller to controller operation of the humudifier, wherein
the controller may determine at least one value ndicative of the amount of moisture and/or
humidity present in the component based on the at least one sensor signal, and determine a
humidity of the flow of gases based on the at least one value indicative of the amount of
moisture and/or humidity present in the component.

[8471] In some configurations, the controller may assume 100% relative hunidity
upon detection of presence of moisture based on the value,

0472} In some configurations, the temperature sensor located near a distal end of
a conduit may transport the gases from the humudifier to the user. The controller may determine
the presence of a predetermined level of moisture based on the at least one value indicative of
the amount of moisture and/or humidity present in the component. The controlier may
determine a dew point of the flow of gases, as the humidity of the flow of gases.

0473} In some configurations, the humidity may be a dew point temperature, a
relative humidity value, or an absolute humidity value.

84741 In some configurations, the controller may control a heater of the humidifier

and/or conduit based on the humidity to control a target humidity.
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[8475] In some configurations, the controller may determime the presence of a
predetermined level of moisture based on the at least one value indicative of the amount of
moisture and/or humidity present in the component.

{8476} In some configurations, the controller may control at least one operating
parameter of the humidifier system based on the determined dew point temperature or a value
indicative thereof.

84771 In some configurations, the controller may control a heater of the humidifier
and a heater of the conduit based on the determined dew point temperature or a value indicative
thereof.

[0478) In some configurations, the operating parameter of the heater of the
hunudifier may include at least one of a heater plate temperature set point, and a power to a
heater plate.

{04791 In some configurations, the operating parameter of the heater of the conduit
may include at least one of a patient end temperature set point, and a power to at least one
heater wire.

{0480} In some configurations, the determined dew point temperature or a value
mdicative thereof may be the temperature of the flow of gases sensed by the temperature
3ensor.

{04811 In some configurations, the controller may decrease an operating parameter
of a heater of the conduit to increase a relative humidity 1o the conduit and mduce the formation
of condensate.

{0482} In some configurations, the controtler may control the heater of the conduit
to reach a patient end temperature set point.

[0483] In some configurations, the target patient end temperature may be greater
than the deternuned dew point temperature or a value indicative thereof.

[0484] In some configurations, the determined humidity of the flow of gases may
be a relative humidity or an absolute hummdity .

{0485} In some configurations, an output of the at least one sensor may be filtered
to obtain a portion of the at least one signal that may be related to the humidity in the
component.

{0486} In some configurations, the humidifier may not include a patient end sensor.
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[0487] In some configurations, the humidifier system may inclede a flow
generator.

{04881 In some configurations, the flow generator and the hunudifier may beina
single housing,

[0489] In some configurations, the conduit may include at least a first elecirically
conductive element and a second electrically conductive element. The at least one sensor signal
may include a signal generated using one or more of the at least first and second electricaily
conductive elements.

{84901 In some configurations, the first electrically conductive element and the
second electrically conductive element may be spirally wound about at least a length of the
conduit.

{0491} In some configurations, the first electrically conductive element and the
second electrically conductive element may be spirally wound within, through, or around the
conduit.

04921 In some configurations, the first electrically conductive element and the
second electrically conductive element form part of conduit walls.

{04931 In some configurations, the first electrically conductive element may be a
sensing wire.

{04941 In some configurations, the first electrically conductive element may be at
least one heater wire.

[8495] In some configurations, the second electrically conductive element may be
a sensing wire,

{8496} In some configurations, the second electrically conductive element may be
at least one heater wire.

04971 In some configurations, the at least one signal may be indicative of a
capacttance between the fust electrically conductive element and the second electrically
conductive element.

{84981 In some configurations, the at least one signal may be indicative of a change
in capacitance between the first electrically conductive element and the second electrically

conductive element.
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[0499] In some configurations, the first electrically conductive element and the
second electrically conductive element may be separated by a distance that may allow for a
capaciitve charge to be sensed between the first electrically conductive element and the second
electrically conductive element.

{85001 In some configurations, the humidifier system may include a dielectric
material located between the first electrically conductive element and the second electrically
conductive element.

(0501} In some configurations, the dielectric material may be vapor or liquid
permeable.

(8502} In some configurations, the vapor permeable dielectric material may allow
for evaporation of water to ambient air while mhibiting passage of liquid water and breathing
gases to ambient air.

105031 In some configurations, the controller may determine the at least one value
indicative of moisture based on a comparison of a measurement of the first electrically
conductive element and/or the second electrically conductive element.

[6504] In some configurations, the at least one signal may be indicative of a
temperature of the first electrically conductive element or the second electrically conductive
element.

[8505] Insome configurations, the at least one signal may be indicative of a change
i temperature of the first electrically conductive element or the second electrically conductive
element.

0506} In some configurations, the at least one signal may be indicative of a thermal
conductivity of a medium between the first electrically conductive element and the second
electrically conductive element, or the at least one signal may be mdicative of a thermal
conductivity of a medium proximal to the first electrically conductive element or the second
electrically conductive element.

(8507} In some configurations, the at least one signal may be indicative of a
resistance of the first electrically conduciive element or the second electrically conductive

element.
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[0508] In some configurations, the first electrically conductive element or the
second electrically conductive element may include at least two portions that are electrically
disconnected from one another.

[8509] in some configurations, the at least two portions may be in series with one
another.

{8510} In some configurations, the at least two portions may be in parallel with one
another.

0511} In some configurations, the humidifier system may further include a signal
generator. The controller may determine the at least one value indicative of the amount of
moisture in the conduit based at least in part on a magnitude and/or phase of the at least one
signal.

(6512} In some configurations, the at least one value indicative of the amount of
moisture in the conduit corresponds to an inductance of the conduit.

{0513} In some configurations, the at least one value indicative of the amount of
moisture in the conduif may correspond to a change in inductance of the condut.

(6514} A humidifier system may deliver flow of gases to a user. The humidifier
system may nclude a humidifier to heat and humidify the gases, a first sensor associated with
a first focation, a second sensor associated with a second location, and a controller to control
operation of the humidifier. The first sensor may output at least one first sensor signal based
on an amount of moisture present at the first location. The second sensor may output at least
one second sensor signal based on an amount of moisture present at the second location. The
controller may determine a first value indicative of an amount of humidity and/or mossture
present at the first Jocation based on a first sensor signal, and a second value indicative of the
amount of humidity and/or moisture present at the second location based on a second sensor,

05151 In some configurations, the first location may be associated with a first
component of the system.

8516} In some configurations, the second location may be associated with a
second component of the system.

{8517} in some configurations, the first and/or second component may include a
condwt, a portion of the conduit, a connector, a portion of a chamber that may be exposed to

the flow of gases, and/or a patient interface.
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[0518] In some configurations, the connector may melude one or more adapters.

[6519] in some configurations, the first location may be upstream of the second
location during normal operation of the system.

{06520} in some configurations, the controller may determine that no flow and/or a
flow rate below a threshold may be occurring in the system by detecting a first predetermined
amount of moisture at the first location, and a predetermined time period after detecting the
predetermined amount of moisture at the first location, determining that a second
predetermined amount of moisture may be not detected at a second location.

85211 In some configurations, the controller may determine that a flow rate of the
gases may be in a range based on readings from a first temperature sensor at the first location
and a second temperature sensor at the second location in response to detecting the first
predetermined amount of moisture at the first location and not detecting the second
predeternuned amount of moisture at the second location a predetermined time period after
detecting the predetermined amount of moisture at the first location.

05221 In some configurations, the first temperature sensor may be located at a
chamber outlet of the hunmudifier.

05231 In some configurations, the second temperatures sensor may be located at
or near a patient end of an mspiratory conduit or a distal end of a patient supply conduit
configured to transport the gases from the humidifier to the user.

8524} In some configuratiouns, the controller may determine that the flow direction
may be correct in response to the moisture at an upstream location being greater than the
moisture at a downstream location.

[8525] In some configurations, an inspiratory conduoit may include the upstream
location.

05261 In some configurations, the conduit positioned between the gases source
and the humidifier may include the downstream location.

{8527} In some configurations, the humidifier system may include a third sensor
associated with a third location of the system. The third sensor may output at least one third
sensor signal based on an amount of moisture present at the third location.

{6528} In some configurations, the third location may be upstream of the first

location and the second location.
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[8529] In some configurations, the first location may be at an inspiratory conduit,

[6530] In some configurations, the third location may be at an expiratory conduif.

85311 In some configurations, the second location may be at a chamber inlet of a
humidification chamber.

8532} In some configurations, the controller may be configured to determine a
flow direction based on a direction of the moisture detected from the humidifier. The controtler
may be configured to detect a reverse flow condition 1n response to moisture being detected in
a component upstream of the humidifier when correctly connected.

85331 A humidifier system according to the present disclosure may deliver a flow
of gases to a user. The humidifier may provide a humidifier that may heat and humidify the
gases, a conduit to transport the gases from the humidifier to the user, at least one sensor that
may output at least one sensor signal based on an amount of moisture present in a component
of the system, and a controller to control operation of the humidifier. The controller may
determine a value mdicative of the amount of moisture present in the component based on the
at least one sensor signal, and control a function of the gases source to reduce moisture in
response to a predetermined amount of moisture determined to be present in the component
based on the value.

8534} In some configurations, the function may include reducing a tidal volume,
nereasing an mspiratory rise time, reducing 1nspiratory to expiratory ratio, increasing an inlet
gases temperature, and/or reducing an amount of entrained air and/or switching to a wall or
bottle gases source.

[85835] In some configurations, the gases source may include a ventilator,

8536} In some configurations, the gases source may nclude a glow generator.

{8537} In some configurations, the conduit may include at least a first electrically
conductive element and a second electrically conductive element. The at least one sensor signal
may include a signal generated using one or more of the at least first and second electrically
conduoctive elements.

05381 In some configurations, the first electrically conductive element and the
second electrically conductive element may be spirally wound about at least a length of the

conduit.
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[8539] In some configurations, the first electrically conductive element and the
second electrically conductive element may be spirally wound within, through, or around the
conduit.

{8540} In some configurations, the first electrically conductive element and the
second electrically conductive element form part of conduit walls.

{8541} in some configurations, the first electrically conduciive element may bea
sensing wire.

0542} In some configurations, the first electrically conductive element may be at
least one heater wire.

[0543) In some configurations, the second electrically conductive element may be
a sensing wire.

(0544 In some configurations, the second electrically conductive element may be
at least one heater wire.

[0545] In some configurations, the at least one signal may be indicative of a
capacitance between the first electrically conductive element and the second electrically
conductive element.

{05461 Insome configurations, the at least one signal may be indicative of a change
i capacitance between the first electrically conductive element and the second electrically
conductive element.

8547} In some configurations, the first electrically conductive element and the
second electrically conductive element may be separated by a distance that may allow for a
capacitive charge to be sensed between the first electnically conductive element and the second
electrically conductive element.

[0548] In some configurations, the hunudifier system may include a dielectric
material located between the first electrically conductive element and the second electrically
conductive element.

{08549} In some configurations, the diefectric material may be vapor or hquid
permeable.

{8550 in some configurations, the vapor permeable dielectric material may allow
for evaporation of water to ambient air while inhibiting passage of liquid water and breathing

gases 1o ambient air.
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[8551] In some configurations, the controller may determine the at least one value
indicative of moisture based on a comparison of a measurement of the first electrically
conductive element and/or the second electrically conductive element.

{8552} In some configurations, the at least one signal may be indicative of a
temperature of the first electrically conductive element or the second electrically conductive
element.

{65531 In some configurations, the at least one signal may be indicative of a change
in temperature of the first electrically conductive element or the second electrically conductive
element.

[0554) In some configurations, the at least one signal may be indicative of a thermal
conductivity of a medium between the first electrically conductive element and the second
electrically conductive element, or the at least one signal may be indicative of a thermal
conductivity of a medium proximal to the first electrically conductive element or the second
electrically conduciive element.

85551 In some configurations, the at least one signal may be indicative of a
resistance of the first electrically conductive element or the second electrically conductive
element.

(08556} In some configurations, the first electrically conductive element or the
second electrically conductive element may include at least two portions that are electrically
disconnected from one another.

[8557] In some configurations, the at least two portions may be in series with one
another.

[B8558] In some configurations, the at least two portions may be in parallel with one
another.

{05591 In some configurations, the hamudifier system may further mclude a signal
generator. The controller may determine the at least one value indicative of the amount of
moisture n the conduit based at least m part on a magnitude and/or phase of the at least one
signal.

{8560} In some configurations, the at least one value indicative of the amount of

moisture in the condurt corresponds to an inductance of the conduit.
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8561} In some configurations, the at least one value indicative of the amount of
moisture in the conduit may correspond to a change in inductance of the conduit.

85621 A humidifier system according to the present disclosure may deliver a flow
of gases to a user. The humidifier may provide a humidifier that may heat and humidify the
gases, a conduit to transport the gases from the humidifier to the user, at least one sensor that
may output at least one sensor signal based on an amount of moisture present in a component
of the system, and a controller to conirol operation of the humidifier. The controller may
determine at least one value indicative of the amount of moisture present in the component
based on the at least one sensor signal, and determine a water-out condition of the
humidification chamber based on the at least one value indicative of the amount of moisture
present in the component.

[0563) In some configurations, no water-out condition may be determined in
response to detecting an increase in the amount of moisture and/or hunudity in the component.

[0564] In some configurations, no water-out condifion may be determined in
response to the increase in the amount of moisture and/or humidity in the component being
above a threshold.

[0565] In some configurations, a water-out condition may be determined n
response to detecting no increase in the amount of moisture and/or humidity in the component.

{8566} In some configurations, a water-out condition may be determined n
response to the increase in the amount of moisture and/or hunudity in the component being
below a threshold.

[8567] In some configurations, the water-out condition comprises no water present
or a predetermined level of water present.

[6568] In some configurations, the controller may increase power to a heater plate
of the humidifier and/or reduce power to at least one heater wire of a conduit configured to
provide the gases from the humidifier to the user so as to merease humidity and/or increase
moisture,

(85691 In some configurations, the increased moisture may be condensate or water
in vapor permeable and/or liquid permeable material.

{8576} In some configurations, the controller may determine the water-out

condition subsequent to increasing the power to the heater plate and/or reducing the power to
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the at least one heater wire i response to the predeterrmned amount of moisture and/or
humidity being determined to be below a threshold.

(8571} In some configurations, the conduit may include at least a first elecirically
conductive element and a second electrically conductive element. The at least one sensor signal
may include a signal generated using one or more of the at least first and second electricaily
conductive elements.

{8572} In some configurations, the first electrically conductive element and the
second electrically conductive element may be spirally wound about at least a length of the
conduit.

[0573) In some configurations, the first electrically conductive element and the
second electrically conductive element may be spirally wound within, through, or around the
conduit.

{05741 In some configurations, the first electrically conductive element and the
second electrically conductive element form part of conduit walls.

85751 In some configurations, the first electrically conductive element may be a
sensing wire.

[8576] In some configurations, the first electrically conductive element may be at
least one heater wire.

(8577} In some configurations, the second electrically conductive element may be
a sensing wire,

[8578] In some configurations, the second electrically conductive element may be
at least one heater wire,

[8579] In some configurations, the at least one signal may be indicative of a
capacitance between the fust electrically conductive element and the second electrically
conductive element.

[0580] In some configurations, the at least one signal may be indicative of a change
in capacitance between the first electrically conductive element and the second electricaily
conduciive element.

{8581} In some configurations, the first electrically conductive element and the

second electrically conductive element may be separated by a distance that may allow for a
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capactiive charge to be sensed between the first electrically conductive element and the second
electrically conductive element.

05821 In some configurations, the humidifier system may include a dielectric
material located between the first electrically conductive element and the second electrically
conductive element.

[8583] in some configurations, the dielectric material may be vapor or hquid
permeable.

[0584) In some configurations, the vapor permeable dielectric material may allow
for evaporation of water to ambient air while mhibiting passage of liquid water and breathing
gases to ambient air,

05851 In some configurations, the controller may deternune the at least one value
indicative of moisture based on a comparison of a measurement of the first electrically
conductive element and/or the second electrically conductive element.

{05861 In some configurations, the at least one signal may be indicative of a
temperature of the first electrically conductive element or the second electrically conductive
element.

[6587] Insome configurations, the at least one signal may be indicative of a change
i temperature of the first electrically conductive element or the second electrically conductive
element.

65881 In some configurations, the at least one signal may be indicative of a thermal
conductivity of a medium between the first electrically conductive element and the second
electrically conductive element, or the at least one signal may be indicative of a thermal
conductivity of a medium proximal to the first electrically conductive element or the second
electrically conductive element.

{05891 In some configurations, the at least one signal may be indicative of a
resistance of the first electrically conductive element or the second electrically conductive
element.

{65901 In some configurations, the first electrically conductive element or the
second electrically conductive element may include at least two portions that are electrically

disconnected from one another.
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[8591] In some configurations, the at least two portions may be in series with one
another.

65921 In some configurations, the at least two portions may be in paralle! with one
another.

85931 In some configurations, the humidifier system may further include a signal
generator. The controller may determine the at least one value indicative of the amount of
moisture in the conduit based at least in part on a magnitude and/or phase of the at least one
signal.

85941 In some configurations, the at least one value indicative of the amount of
moisture in the conduit corresponds to an inductance of the conduit.

85951 In some configurations, the at least one value indicative of the amount of
moisture in the conduit may correspond to a change in inductance of the conduit.

{05961 A humidifier system may be used in a gases supply system. The humidifier
system may include a hunudifier to heat and humidify the gases, a conduit to transport the
gases from the humidifier to the user. The conduit may include a first electrically conductive
element, a second electrically conductive element, and a controller configured to monitor
capacitance and/or capacitance change of a capacitor formed between the first electrically
conductive element and the second electrically conductive element to detect presence of skin
n close vicinity or contact with the conduit.

8597} In some configurations, the capacitance and/or capacitance change includes
measuring a time constant, a resonant frequency, a change in a time constant, or a change ina
resonant frequency of the capacitor formed between the first electrically conductive element
and the second electrically conductive element.

[0598] In some configurations, the controller may detect a change in permittivity
of the capacitor based on the monitored capacitance and/or capacitance change.

[6599] In some configurations, the controller may compare the detected change in
permittivity with one or more permiitivity thresholds.

{86001 In some configurations, the controller may detect the presence of skin in
close vicinity or contact with the conduit in response to the detected change in permitiivity

exceeding the one or more permittivity thresholds.
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8601} In some configurations, the controller may output an alarm in response to
detecting the presence of skin in close vicinity or contact with the conduit.

{86021 In some configurations, the controller may ocutput the alarm o response 1o
detecting the presence of skin in close vicinity or contact with the conduit contimuously or
intermitently for a predefined duration.

{8603} in some configurations, the predefined duration may be variable based on
an expected conduit surface temperature.

[8604) In some configurations, the conduit may include a dielectric material
between the first electrically conductive element and the second electrically conductive
element.

86051 In some configurations, the first electrically conductive element and the
second electrically conductive element are spirally wound about at 1east a length of the conduit.

{06061 In some configurations, the first electrically conductive element and the
second electrically conductive element are spirally wound within, through, or around the
conduit.

6607} In some configurations, the first electrically conductive element and the
second electrically conductive element form part of conduit walls.

8608} In some configurations, the first electrically conductive element may be a
sensing wire,

{8609} In some configurations, the first electrically conductive element may be a
heater wire.

{6610} In some configurations, the second electrically conductive element may be
3 sensing wire,

8611} In some configurations, the second electrically conductive element may be
a heater wire,

[8612] In some configurations, the first electrically conductive element and the
second electrically conductive element may be separated by a distance to allow for a capacitive
charge to be sensed between the first electrically conductive element and the second

electrically conductive element.
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[8613] In some configurations, the first electrically conductive element or the
second electrically conductive element may include at least two portions that are electrically
disconnected from one another.

{8614} in some configurations, the at least two portions may be series with one
another.

{8615} In some configurations, the at least two portions may be in parallel with one
another.

8616} A method of delivering a flow of gases to a user according to the present
disclosure may use a controller of a humidifier that may be part of a humidifier system. The
humidifier may provide a humidifier that may heat and humidify the gases, a conduit to
transport the gases from the humidifier to the user, at least one sensor that may output at least
one sensor signal based on an amount of moisture present in a component of the system, and a
controller to control operation of the humidifier. The method include determining at least one
value indicative of the amount of moisture present in the component based at least in part on
the at least one sensor signal and executing one or more moisture management responses based
on the at least one value indicative of the amount of moisture present in the component.

j0617] In some configurations, the one or more moisture management may include
one or more of the following: generating at least one notification and/or alarm, changing power
supplied to a humudifier heater, changing power suppled to at least one conduit heater,
changing a mode of the humidifier, and/or changing a parameter of a ventilator which may be
part of the humidification system.

{06618} In some configurations, the component may include the conduit, a portion
of the conduit, a connector, a portion of a chamber that may be exposed to the flow of gases,
and/or a patient interface.

[0619] In some configurations, the moisture present in the component of the system
may mclude condensate, and/or water in a vapor permeable and/or liquid permeable matenial
of the component of the system.

{66201 In some configurations, the vapor permeable material may be a breathable
material.

8621} In some configurations, the at least one value indicative of the amount of

moisture present in the component may include at least one of a value indicative of the amount
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of condensate in the component of the system, and/or a value mdicative of the amount of water
in the vapor permeable and/or hiquid permeable material of the component of the system. The
value indicative of the amount of moisture present in the component may be a sum of the value
mdicative of the amount of condensate in the component of the system and the value indicative
of the amount of water in the vapor permeable and/or liquid permeable material of the
component of the system.

{68622} In some configurations, the method may further include determining at least
one value indicative of the amount of moisture present in the component based on a humidity
output of the humidifier.

[0623) In some configurations, the method may further include determining that a
predetermined level of motsture may be present in the component based on the at least one
value indicative of the amount of moisture present in the component.

{06241 In some configurations, the method may further include determining that
the predetermined level of moisture may be present in the component based on comparing the
at least one value indicative of the amount of moisture present in the component and at least
one threshold.

[08625] In some configurations, the predetermined level of moisture may be
determined to be present in response to the at least one the at least one value being above the
at least one threshold.

{8626} In some configurations, the predetermined level of moisture may be
determined to be present in response to the at least one value being below the at least one
threshold.

8627} In some configurations, the at least one threshold mat include an absolute
value threshold, a value change threshold, a percentage threshold of a maximum sensor output,
a percentage change threshold, a percentage change over time threshold, a gradient threshold,
and/or a crossing threshold.

[8628] In some configurations, the maximum sensor output may provide an output
indicating that the vapor and/or liquid material of the conduit may be saturated with moisture.

{6629} In some configurations, the maximum sensor output may provide an output
mdicating that the predetermined or acceptable amount of moisture may be present.

{8630} in some configurations, the percentage threshold may be 80%.
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[8631] In some configurations, the percentage threshold may be 90%

{6632} In some configurations, the percentage threshold may be 100%.

{8633} In some configurations, the crossing threshold may occur when the output
crosses a particular threshold a number of times. This may optionally be over a predetermined
time period.

{8634} in some configurations, the method may further include generating at least
one notification and/or alarm in response to the predetermined {evel of moisture determined to
be present in the component.

86351 In some configurations, the method may further include determining the
presence of condensate in the component based on a comparison between the at least one value
indicative amount of moisture present in the component and at least one condensate threshold.

0636} In some configurations, the method may further include determining the
presence of a predetermined amount of water in a vapor permeable and/or liqud permeable
material of the component of the system based on a comparison between the at least one value
indicative of the amount of moisture present in the component and at least one water amount
threshold. The predetermined amount of water may optionally be indicative of saturation of
the vapor and/or hiquid permeable material,

8637} In some configurations, the method may further include controlling the
heater of the humidifier and/or the heater of the conduit to achieve a humidity target.

8638} In some configurations, the humidity target may include a dew pownt target,
an absolute target, and/or a relative hunudity target.

{6639} In some configurations, the method may further include decreasing
humidity target, and optionally the absolute humidity and/or relative humidity target, of the
flow of gases wn response to a predetermined amount of moisture being determined to be
present in the component.

[8640] In some configurations, the humidifier may mclude a heater configured to
heat the hurmidification hiqud.

0641} In some configurations, the heater may inchude a heater plate.

{8642} in some configurations, the conduit may include at least one heater wire to

heat the flow of gases in the conduit.
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[0643] In some configurations, the method may further include decreasing the
absolute humidity of the flow of gases by changing at least one operating parameter of the
heater of the humidifier.

{8644} In some configurations, the method may further include decreasing the
relative humidity of the flow of gases by changing the at least one operating parameter of the
heater of the humidifier.

[8645] In some configurations, the changing includes decreasing or limiting or
disabling the relative hunudity of the flow of gases.

{0646} In some configurations, the at least one operating parameter may include a
heater temperature set point and/or a power to a heater.

86471 In some configurations, the method may further include decreasing the
relative humidity target of the flow of gases by changing at least one operating parameter of
the heater of the conduit. In some configurations, the changing may include increasing the
operating parameter.

{86481 In some configurations, the operating parameter of the at least one heater of
the conduit may be a patient end temperature set point and/or a power to the at least one heater
of the conduit.

{8649} In some counfigurations, the operating parameter of the heater of the
hunudifier and/or the heater of the conduit may be changed based on the at least one value
mdicative of the amount of moisture present in the component.

[09650] In some configurations, the method may further include decreasing an
absolute humidity target, and/or a3 relative humdity target in response to determining that the
predetermined level of moisture may be still present in the component a predetermined time
period after nitially determining that the predetermined level of moisture may be present.

06511 In some configurations, the method may further mclude returning to a
normal operation, and/or revert to an original absolute humidity and/or relative hurnidity target
of the flow of gases, in response to determining that the predetermined level of moisture may
be no longer present in the component after initially determining that the predetermined level
of moisture may be present.

86521 In some configurations, the method may further include returning to normal

operation, and/or revert to an original absolute humidity and/or relative humidity target of the
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flow of gases, i response to determining that the predetermined level of moisture may be no
longer present in the component after initially determining that the predetermined level of
moisture may be present.

{8653} in some configurations, the method may further include determining that
the predetermined level of moisture may be no longer present in the component in response 1o
detecting an absence of moisture or a small amount of moisture present in the component.

{86541 In some configurations, the method may further include determining that
the predetermined level of moisture may be no longer present in the component in response 1o
detecting an absence of condensate or a small amount of condensate present in the component.

[8655) In some configurations, at least a portion of the conduit or another
component of the system may include a vapor permeable and/or liquid permeable material.

[0656] In some configurations, the conduit may include at least a first electrically
conductive element and a second electrically conductive element, the at feast one sensor signal
comprising a signal generated using one or more of the at least furst and second electrically
conductive elements.

(8657} In some configurations, the first electrically conductive element and the
second electrically conductive elernent may be spirally wound about at least a length of the
conduit.

[0658] In some configurations, the first electrically conductive element and the
second electrically conductive element are spirally wound within, through, or around the
conduit.

[06659] In some configurations, the first electrically conductive element and the
second electrically conductive element for part of conduit walls.

[0660] In some configurations, the first electrically conductive element may be a
sensing wire

[B8661] In some configurations, the first electrically conductive element may be at
least one heater wire.

{86621 In some configurations, the second electrically conductive element may be
at least one heater wire.

[8663] In some configurations, the vapor permeable and/or liquid permeable

material may be a dielectric material.
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[8664] In some configurations, the dielectric material may be vapor or hiquid
permeable.

(86651 In some configurations, the vapor permeable dielectric material may allow
for evaporation of water to ambient air while mhibiting passage of liquid water and breathing
gases to ambient air.

{8666} in some configurations, the other component may include a patient
interface.

08667} In some configurations, the other component may include connectors and/or
adaptors.

[0668) In some configurations, the conduit may include a composite conduit.

{86691 In some configurations, the conduit may include a vapor and/or liquid
permeable bead.

106701 In some configurations, the vapor permeable bead allows evaporation of
water to ambient air while mhibiting passage of hiquid water and breathung gases to ambient
air.

{6671} In some configurations, the vapor permeable bead may be an activated
perfluorinated polymer material having extreme hydrophilic properties, hydrophilic
thermoplastic, breathable thermoplastic copolyester, woven treated fabric exhibiting
breathable characteristics, and/or a hydrophilic polyester block copolymer.

8672} In some configurations, the signal may be indicative of a capacitance
between the first electrically conductive element and the second electrically conductive
element.

[8673] In some configurations, the signal may be ndicative of a change
capacitance between the fust electrically conductive element and the second electrically
conductive element.

[8674] In some configurations, the first electrically conductive element and the
second electrically conductive element are separated by a distance configured to allow for a
capacitive charge 1o be sensed between the first electrically conductive element and the second

electrically conductive element.
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[8675] In some configurations, the humidifier systemn may further mclude a
dielectric material located between the first electrically conductive element and the second
electrically conductive element.

{8676} In some configurations, the method may further include determuining the at
least one value indicative of moisture based on a comparison of a measurement of the first
electrically conductive element and/or the second electrically conductive element.

{86771 In some configurations, the signal may be indicative of a temperature of the
first electrically conductive element or the second electrically conductive element.

86781 In some configurations, the signal may be indicative of a change in
temperature of the first electrically conductive element or the second electrically conductive
element.

{6679} In some configurations, the signal may be indicative of a thermal
conductivity of a medium between the first electrically conductive element and the second
electrically conductive element, or the at least one signal may be mdicative of a thermal
conductivity of a medium proximal to the first electrically conductive element or the second
electrically conductive element.

086801 In some configurations, the signal may be indicative of a resistance of the
first electrically conductive element or the second electrically conductive element.

06811 In some configurations, the first electrically conductive element or the
second electrically conductive element comprise at least two portions that are electrically
disconnected from one ancther.

0682} In some configurations, the two portions may be in series with one another.

{0683} In some configurations, the humidifier system may further include a signal
generator wherein the controller may determine that at least one value indicative of the amount
of mosture in the conduit based at least in part on a magnitude and/or phase of the at least one
stgnal.

{8684} In some configurations, the at least one value indicative of the amount of
moisture in the conduit may correspond to an inductance of the condut.

{8685} In some configurations, the at least one value indicative of the amount of

moisture in the conduit corresponds to a change in mductance of the conduit.
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[8686}] In some configurations, the predetermined level of moisture present in the
component may be indicative of a predetermined amount of water in a vapor permeable and/or
liquid permeable material of the component of the system.

[D687] in some configurations, the method may further include initially changing
an operating parameter of the at least one heater wire of the conduit in response to the
predetermined level of moisture being determined to be present in the component. In some
configurations, the changing may include decreasing, limiting, or disabling the operating
parameter. In some configurations, the decreasing or limiting includes decreasing or limiting
power to the at least one heater wire to a range of 3.0W/m to 7.0W/m.

[0688) In some configurations, the method may further include maintaining the
mnitially changed operating parameter of the heater wire of the conduit.

{0689} In some configurations, maintaining the witially changed operating
parameter of the at least one heater wire of the conduit may increase a moisture saturation of
the vapor permeable and/or hiquid permeable material. This change may optionally be an
increase to a predetermined motsture saturation.

[6690] In some configurations, the method may further include changing the
operating parameter of the at least one heater wire of the conduit.

[8691] In some configurations, the method may further include changing the
operating parameter of the heater wire of the conduit a predetermined time after having
maintained the initially changed operating parameter,

0692} In some configurations, the further change may be an increase of the
operating parameter.

{8693} In some configurations, the method may further include changing an
operating parameter of the heater of the conduit in response to the predetermined level of
moisture being determined to be present m the component.

[8694] In some configurations, the predetermined level may be a percentage
threshold of 2 maximum sensor output. In some configurations, the percentage threshold may
be 80%. In some configurations, the percentage threshold may be 90%. In some configurations,
the percentage threshold may be 100%. A fully saturated permeable material may be at 100%.

[8695] In some configurations, the maximum sensor output may be an output

indicating that a bead of the conduit may be saturated with moisture.
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[8696] In some configurations, the maximum sensor output may be an output
indicating that the predetermined or acceptable amount of moisture may be present.

86971 In some configurations, the method may further include maintaining the
changed operating parameter of the at least one heater wire of the conduit to allow for drying
of the vapor permeable and/or liquid permeable material via evaporation to the atmosphere.

{0698} in some configurations, the method may further include maintaining the
changed operating parameter increase a rate at which the moisture may be transferred across
the vapor permeable material to the atmosphere.

86991 In some configuraticons, the changed operating parameter may include an
increased power to between 10W/m and 14W/m to the at least one heater wire.

{8760} In some configurations, the method may further mclude returning to a
normal or original operating parameter of the at least one heater of the conduit a predetermined
time after having maintained the changed operating parameter.

{0701} In some configurations, the method may further include repeating
increasing and maintain the operating parameter and then decreasing and maintaining the
operating parameter a number of times before returning to the normal or original operating
parameter,

{6702} In some coonfigurations, the method may further mclude retuming to a
normal or original operating parameter of the at least one heater of the conduit in response to
the predetermined level of moisture in the component being determined to fall below a
threshold. In some configurations, the threshold may be a percentage threshold. In some
configurations, the percentage threshold may be 20%. In some configurations, the percentage
threshold may be 15%. In some configurations, the percentage threshold may be 0%,

[6703] In some configurations, the method may further include returning to the
normal or original operating parameter of the at least one heater wire of the conduit in response
to the predetermined quantity of water molecules in the vapor permeable and/or liquid
permeable material being determined to fall below a water molecuie threshold.

67041 In some configurations, the method may further include returning to the
normal or original operating parameter of the at least one heater wire of the conduit in response
to the predetermined level of condensate in the component being determined to fall below a

condensate threshold.
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[6785] In some configurations, the operating parameter of the at least one heater
wire of the conduit may include a patient end temperature set point, and/or a power to the at
least one heater wire.

{8706} In some configurations, the method may further include increasing a
temperature of the vapor permeable material via a heater of the conduit to increases a rate at
which water passes from one side of the material to an opposite side of the material

67071 In some configurations, the method may further include increasing a
temperature of the liquid permeable material via a heater of the conduit to increases an
evaporation rate of higuid water in the liquid permeable material to atmosphere.

[6708) In some configurations, the method may further mnclude controlling a
relative humidity gradient between the vapor permeable and/or liquid permeable material and
the atmosphere to be greater than a relative humidity gradient between the vapor permeable
and/or liquid permeable material and a lumen of the conduit.

{0709} In some configurations, the humidifier svstem may include a moisture
draining assembly configured to collect condensate and/or transport the condensate back
towards the humidification chamber,

[6716] In some configurations, the moisture draining assembly may include a water
trap counfigured to collect the condensate.

[8711] Insome configurations, the moisture draining assembly may include at least
one valve electronically coupled to the controlier. The method may further include actuating
the at least one valve based on the at least one sensor signal.

8712} In some configurations, the method may further 1nclude actuating the at
least one valve into an open position n response to a predetermined level of moisture being
determined to be present in the component.

{0713} In some configurations the method may further include actuating the at least
one valve into an open position m response to a predetermined level of condensate being
determined to be present in the component.

8714} In some configurations, the moisture draining assembly may include a
moisture conveying assembly configured to convey moisture collected in the water trap or the

conduit back to the humidification chamber.
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[8715] In some configurations, the moisture draining assembly may further include
a conveving conduit, and/or a pump. In some configurations, the pump may be a peristaltic
pump.

{8716} In some configurations, the method may further include determining a
chamber overflow event based on the at least one value indicative of the amount of moisture
present in the component.

67171 In some configurations, the component may be located near an outlet of a
humidification chamber of the humidifier.

67181 In some configurations, the sensor may include a temperature sensor located
near a distal end of the conduit.

87191 In some configurations, the method may further include determining a dew
point temperature or a value indicative thereof of the flow of gases based on a temperature of
the flow of gases sensed by the temperature sensor in response to determining the presence of
a predetermined amount of moisture.

67201 In some configurations, the method may further include determining the
dew point temperature or a value indicative thereof based on the temperature of the flow of
gases sensed by the temperature sensor in response to determining the presence of a
predetermined amount of condensate.

{07211 In some configurations, the dew point temperature or a value indicative
thereof may be the temperature of the flow of gases sensed by the temperature sensor.

[8722] In some configurations, the method may further include controlling a heater
of the humudifier or a heater of the conduit based on the determined dew point temperature or
a value indicative thereof.

0723} In some configurations, the method may further include decreasing an
operating parameter of the heater of the conduit to increase a relative humidity m the conduit
and mduce formation of condensate.

{8724} In some configurations, the method may further include controlling the
gases exiting the humidifier to reach a dew point temperature set point,

{8725} In some configurations, the method may further include determuining thata

source of the gases for the humidifier may be the ambient air or from a room-entraining
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ventilator in response to determining that a patient end temperature may be greater than the
dew point temperature set point and that a predetermined level of moisture may be present.

{87261 In some configurations, the method may further include controlling a
temperature set point of the humidifier to a constant value after determining that a source of
the gases for the humidifier is the ambient air or from a room-entraining ventilator.

{8727} in some configurations, the temperature set point can be a chamber outlet
set point.

{6728} In some configurations, the chamber outlet set point may correspond to the
dew point of the gases.

8729} In some configurations, the method may further include determining the
presence of a predetermined level of moisture in the conduit based on the at least one value
indicative of the amount of moisture in the conduit in response to the conduit being connected
to a humidifier and/or prior to operation of the humidifier.

{0730 In some configurations, the method may further include determining the
presence of the predetermined level of moisture in the conduit based on a comparison between
a threshold and the at least one value indicative of the amount of moisture in the conduit.

67311 In some configurations, the method may further include determining the
presence of the predetermined level of moisture in the conduit when the conduit may be first
connected to the humidifier.

8732} In some configurations, the predetermined level of moisture present in the
conduit may be a level for which a new unused conduit may be needed or the conduit needs to
be checked for fauits or dried further.

{8733} In some configurations, the method may further include generating an alarm
m response to determining the presence of the predetermined level of moisture in the condwat.

{07341 In some configurations, the alarm can include a visual and/or audio
mdication.

(8735} In some configurations, the method may further include preventing use of
the conduit with the humidifier in response to determining the presence of the predetermined
level of moisture in the conduit by preventing powering of the heater of the conduit and/or
preveniing use of the humidifier while connected to the condunt.

{8736} In some configurations, the conduit may not include a patient end sensor.
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(87371 In some configurations, the at least one sensor signal based on the amount
of moisture present in the component may further include a signal relating to a humidity of the
gases in the component.

{6738} in some configurations, the signal relating to the humidifier of the gases in
the component may be filtered from the at least one signal or ignored by the controller.

{8739} in some configurations, the method may further include determining at least
one value indicative of the amount of moisture present in the component based on the at feast
one sensor signal and control a function of the gases source to reduce moisture in response to
a predetermined amount of moisture determined to be present in the component based on the
value.

87401 In some configurations, the function may include reducing a tidal volume,
increasing an inspiratory rise time, reducing inspiratory to expiratory ratio, increasing an inlet
gases terperature, and/or reducing an amount of entrained air and/or switching to a wall or

bottle gases source.

87411 In some configurations, the gases source may include a ventilator.
(6742} In some configurations, the gases source may nclude a glow generator.

[6743] In some configurations, the method may further include determining at least
one value indicative of the amount of moisture present in the component based on the at least
one sensor signal, and determine a water-out condition of the humidification chamber based
on the at least one value indicative of the amount of moisture present in the component,

[6744] In some configurations, the water-out condition may be deternuned n
response to detecting an increased amount of moisture and/or humidity in the component.

[8745] In some configurations, the water-out condition may be determined in
response to the merease in the amount of mosture and/or humidity in the component being
above a threshold.

[8746] In some configurations, the water-out condition may mnclude no water
present or a predetermined level of water present.

87471 In some configurations, the method may further include increasing power
to a heater plate of the humidifier and/or reduce power 1o at least one heater wire of a conduit
configured to provide the gases from the humidifier to the user so as to increase hurmidity

and/or increase moisture.
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[0748] In some configurations, the increased moisture may be condensate or water
in vapor permeable and/or liquid permeable material.

{67491 In some configurations, the method may further include determining the
water-out condition subsequent o increasing the power to the heater plate and/or reducing the
power to the at least one heater wire in response to the predetermined amount of moisture
and/or humidity being determined to be below a threshold.

{6756} A method of delivering a flow of gases to a user according to the present
disclosure may use a coniroller of a humidifier that may be part of a humidifier system. The
humidifier system may include the humidifier to heat and humidify the gases, at least one
sensor to output at least one sensor signal based on an amount of moisture and/or humidity
present in a component of the system, and a controller to controller operation of the humidifier.
The method may include determining at least one value indicative of the amount of moisture
and/or humidity present in the component based on the at least one sensor signal, and
determining a humidity of the flow of gases based on the at least one value indicative of the
amount of moisture and/or humidity present in the component.

(0751} In some configurations, the method may further include assuming 100%
relative humidity upon detection of presence of moisture based on the value.

(8752} In some configurations, the temperature sensor located near a distal end of
a conduit may transport the gases from the humidifier to the user. The method may further
mclude determining the presence of a predetermined level of moisture based on the at least one
value indicative of the amount of moisture and/or humidity present in the component. The
method may further include determining a dew point of the flow of gases, as the humdity of
the flow of gases.

0753} In some configurations, the humidity may be a dew point temperature, a
relative humidity value, or an absolute humidity value.

[0754] In some configurations, the controller may control a heater of the humidifier
and/or conduit based on the humidity to control a target humidity.

87551 In some configurations, the method may further include determining the
presence of a predetermined level of moisture based on the at least one value indicative of the

amount of moisture and/or humidity present in the component.
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8756} In some configurations, the method may further include controliing at east
one operating parameter of the humidifier system based on the determined dew point
temperature or a value indicative thereof

{8757} In some configurations, the method may further include controlling a heater
of the humudifier and a heater of the conduit based on the determined dew point temperature
of a value indicative thereof.

{6758} In some configurations, the operating parameter of the heater of the
humidifier may include at least one of a heater plate temperature set point, and a power to a
heater plate.

[8759] In some configurations, the operating parameter of the heater of the conduit
may include at least one of a patient end temperature set point, and a power to at least one
heater wire.

{07601 In some configurations, the determined dew point temperature or a value
indicative thereof may be the temperature of the flow of gases sensed by the temperature
sensor.

8761} In some configurations, the method may further include decreasing an
operating parameter of a heater of the conduit to increase a relative humidity in the conduit
and induce the formation of condensate.

[8762] In some configurations, the method may further include controlling the
heater of the conduit to reach a patient end temperature set point.

[8763] In some configurations, the target patient end temperature may be greater
than the determined dew point temperature or a value indicative thereof.

{8764} In some configurations, the determined humidity of the flow of gases may
be a relative humidity or an absolute humidity.

[0765] In some configurations, an output of the at least one sensor may be filtered
to obtain a portion of the at least one signal that may be related to the humudity in the
component.

(87661 In some configurations, the humidifier system may include a flow
generator.

87671 In some configurations, the flow generator and the hunudifier may beina

single housing,
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[0768] In some configurations, the conduit may include at least a first electrically
conductive element and a second electrically conductive element. The at least one sensor signal
may include a signal generated using one or more of the at least first and second electrically
conductive elements.

(87691 In some configurations, the first electrically conductive element and the
second electrically conductive element may be spirally wound about at least a length of the
conduit.

(8770} In some configurations, the first electrically conductive element and the
second electrically conductive element may be spirally wound within, through, or around the
conduit.

97714 In some configurations, the first electrically conductive element and the
second electrically conductive element form part of conduit walls.

107721 In some configurations, the first electrically conductive element may be a
sensing wire.

087731 In some configurations, the first electrically conductive element may be at
least one heater wire.

[06774] In some configurations, the second electrically conductive element may be
a sensing wire,

[06775] In some configurations, the second electrically conductive element may be
at least one heater wire,

[08776] In some configurations, the at least one signal may be indicative of a
capacitance between the fust electrically conductive element and the second electrically
conductive element.

(8777} In some configurations, the at least one signal may be indicative of a change
in capacitance between the first electrically conductive element and the second electrically
conductive element.

{6778} In some configurations, the first electrically conductive element and the
second electrically conductive element may be separated by a distance that may allow for a
capacitive charge to be sensed between the first electrically conductive element and the second

electrically conductive element.
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[8779] In some configurations, the humidifier system may include a dielectric
material located between the first electrically conductive element and the second electrically
conduciive element.

{6780} in some configurations, the dielectric material may be vapor or hquid
permeable.

{8781} in some configurations, the vapor permeable dieleciric material may allow
for evaporation of water to ambient air while inhibiting passage of liquid water and breathing
gases to ambient air,

67821 In some configurations, the method may further include determining the at
least one value indicative of moisture based on a comparison of a measurement of the first
electrically conductive element and/or the second electrically conductive element.

[6783] In some configurations, the at least one signal may be indicative of a
temperature of the first electrically conductive element or the second electrically conductive
element.

07841 In some configurations, the at least one signal may be indicative of a change
in temperature of the first electrically conductive element or the second electrically conductive
element.

[6785] In some configurations, the at least one signal may be indicative of a thermal
conductivity of a medium between the first electrically conductive element and the second
electrically conductive element, or the at least one signal may be mdicative of a thermal
conductivity of a medium proximal to the first electrically conductive element or the second
electrically conductive element.

[8786] In some configurations, the at least one signal may be indicative of a
resistance of the first electrically conductive element or the second electrically conductive
element.

{67871 In some configurations, the first electrically conductive element or the
second electrically conductive element may inchude at least two portions that are electrically
disconnected from one another.

{6788} in some configurations, the at least two portions may be in series with one

another.
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[6789] In some configurations, the at least two portions may be in parallel with one
another.

67901 In some configurations, the humidifier system may further include a signal
generator. The method may further include determining the at least one value indicative of the
amount of moisture in the conduit based at least in part on a magnitude and/or phase of the at
least one signal.

8791} In some configurations, the at least one value indicative of the amount of
moisture in the conduit corresponds to an inductance of the conduit.

87921 In some configurations, the at least one value indicative of the amount of
moisture in the conduit may correspond to a change in inductance of the conduit.

{87931 A method of delivering a flow of gases to a user according to the present
disclosure may use a controller of a humidifier that may be part of a humidifier system. The
hunudifier system may include the humidifier to heat and humidify the gases, a first sensor
associated with a first location, a second sensor associated with a second location, and a
controller to control operation of the humidifier. The first sensor may ouiput at least one first
sensor signal based on an amount of moisture present at the first location. The second sensor
may output at least one second sensor signal based on an amount of moisture present at the
second location. The method may include determining a first value indicative of an amount of
humidity and/or moisture present at the first location based on a first sensor signal, and a
second value indicative of the amount of humidity and/or moisture present at the second
location based on a second sensor.

8794} In some configurations, the first location may be associated with a first
component of the system,

[0795] In some configurations, the second location may be associated with a
second component of the system.

[8796] In some configurations, the first and/or second component may include a
conduit, a portion of the conduit, a connector, a portion of a chamber that may be exposed to
the flow of gases, and/or a patient interface.

{8797} In some configurations, the connector may include one or more adapters.

8798} In some configurations, the first location may be upsitream of the second

location during normal operation of the system.
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[6799] In some configurations, the method may further include determining that no
flow and/or a flow rate below a threshold may be occurring in the system by detecting a first
predetermined amount of moisture at the first location, and a predetermined time period after
detecting the predetermined amount of moisture at the first location, determining that a second
predetermined amount of moisture may be not detected at a second location.

{8800} in some configurations, the method may further include determining thata
flow rate of the gases may be in a range based on readings from a first temperature sensor at
the first location and a second temperature sensor at the second location in response to
detecting the first predetermined amount of moisture at the first location and not detecting the
second predetermined amount of moisture at the second location a predetermined time period
after detecting the predetermined amount of moisture at the first location.

{6881} In some configurations, the first temperature sensor may be located at a
chamber outlet of the humidifier.

{0802} In some configurations, the second temperatures sensor may be located at
or near a patient end of an inspiratory conduit or a distal end of a patient supply conduit
configured to transport the gases from the humidifier to the user.

[6803] In some configurations, the method may further include determining that
the flow direction may be correct in response to the moisture at an upstream location being
greater than the moisture at a downstream location.

6804} In some configurations, an inspwatory conduit may include the upstream
location.

[6805] In some configurations, the conduit positioned between the gases source
and the humidifier may inchude the downstream location.

[0806] In some configurations, the hunudifier svstem may include a third sensor
associated with a third location of the system. The third sensor may output at least one thud
sensor signal based on an amount of moisture present at the third location.

{06807} In some configurations, the third location may be upsiream of the first
location and the second location.

{6808} in some configurations, the first location may be at an inspiratory conduit.

{8809} In some configurations, the third location may be at an expiratory conduit.
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[0810] In some configurations, the second location may be at a chamber let of a
humidification chamber.

08111 In some configurations, the method may further include determining a flow
direction based on a direction of the moisture detected from the humidifier. The method may
further include detecting a reverse flow condition in response to moisture being detected in a
component upstream of the humidifier when correctly connected.

{6812} A method of delivering a flow of gases to a user according to the present
disclosure may use a coniroller of a humidifier that may be part of a humidifier system. The
hunudifier may provide a humidifier that may heat and hunmidify the gases, a conduit to
transport the gases from the humidifier to the user, at least one sensor that may output at least
one sensor signal based on an amount of moisture present in a component of the system, and a
controller to control operation of the humidifier. The method may include determining a value
indicative of the amount of moisture present in the component based on the at least one sensor
signal, and controliing a function of the gases source to reduce moisture in response o a
predetermined amount of moisture determined to be present in the component based on the
value.

[6813] In some configurations, the function may include reducing a tidal volume,
imncreasing an inspiratory rise time, reducing inspiratory to expiratory ratio, increasing an inlet
gases temperature, and/or reducing an amount of entrained air and/or switching to a wall or
bottle gases source.

0814} In some configurations, the gases source may include a ventilator.

8815} In some configurations, the gases source may include a glow generator.

8816} In some configurations, the conduit may include at least a first electrically
conductive element and a second electrically conductive element. The at least one sensor signal
may mclude a signal generated using one or more of the at least first and second electrically
conductive elements,

{6817} In some configurations, the first electrically conductive element and the
second electrically conductive element may be spirally wound about at least a length of the

conduit.
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[0818] In some configurations, the first electrically conductive element and the
second electrically conductive element may be spirally wound within, through, or around the
conduit.

{6819} In some configurations, the first electrically conductive element and the
second electrically conductive element form part of conduit walls.

{6828} in some configurations, the first electrically conduciive element may bea
sensing wire.

0821} In some configurations, the first electrically conductive element may be at
least one heater wire.

0822} In some configurations, the second electrically conductive element may be
a sensing wire.

[0823) In some configurations, the second electrically conductive element may be
at least one heater wire.

[0824] In some configurations, the at least one signal may be indicative of a
capacitance between the first electrically conductive element and the second electrically
conductive element.

08251 Insome configurations, the at least one signal may be indicative of a change
i capacitance between the first electrically conductive element and the second electrically
conductive element.

08826} In some configurations, the first electrically conductive element and the
second electrically conductive element may be separated by a distance that may allow for a
capacitive charge to be sensed between the first electnically conductive element and the second
electrically conductive element.

{0827} In some configurations, the hunudifier system may include a dielectric
material located between the first electrically conductive element and the second electrically
conductive element.

{6828} In some configurations, the diefectric material may be vapor or hquid
permeable.

{6829} in some configurations, the vapor permeable dielectric material may allow
for evaporation of water to ambient air while inhibiting passage of liquid water and breathing

gases 1o ambient air.
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[0830] In some configurations, the method may further include determining the at
least one value indicative of moisture based on a comparison of a measurement of the first
electrically conductive element and/or the second electrically conductive element.

{6831} In some configurations, the at least one signal may be indicative of a
temperature of the first electrically conductive element or the second electrically conductive
element.

{6832} In some configurations, the at least one signal may be indicative of a change
in temperature of the first electrically conductive element or the second electrically conductive
element.

[0833] In some configurations, the at least one signal may be indicative of a thermal
conductivity of a medium between the first electrically conductive element and the second
electrically conductive element, or the at least one signal may be indicative of a thermal
conductivity of a medium proximal to the first electrically conductive element or the second
electrically conduciive element.

08341 In some configurations, the at least one signal may be indicative of a
resistance of the first electrically conductive element or the second electrically conductive
element.

[8835] In some configurations, the first electrically conductive element or the
second electrically conductive element may include at least two portions that are electrically
disconnected from one another.

[6836] In some configurations, the at least two portions may be in series with one
another.

{8837} In some configurations, the at least two portions may be in parallel with one
another.

0838} In some configurations, the hamudifier system may further mclude a signal
generator. The method may further include determining the at least one value indicative of the
amount of moeisture m the conduit based at least in part on a magnitede and/or phase of the at
least one signal.

{6839} In some configurations, the at least one value indicative of the amount of

moisture in the condurt corresponds to an inductance of the conduit.
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0840} In some configurations, the at least one value indicative of the amount of
moisture in the conduit may correspond to a change in inductance of the conduit.

08411 A method of delivering a flow of gases to a user according to the present
disclosure may use a controller of a humidifier that may be part of a humidifier system. The
humudifier may provide a humidifier that may heat and humidify the gases, a conduit to
transport the gases from the humidifier to the user, at least one sensor that may output at least
one sensor signal based on an amount of moisture present in a component of the system, and a
controller to control operation of the humidifier. The method may include determining at least
one value indicative of the amount of moisture present in the component based on the at least
one sensor signal, and determining a water-out condition of the hunudification chamber based
on the at least one value indicative of the amount of motsture present in the component.

[0842] In some configurations, the water-out condition may be determined in
response to detecting an increased amount of moisture and/or humidity in the component.

[0843] In some configurations, the water-out condition may be determined in
response to the increase i the amount of moisture and/or humidity in the component being
above a threshold.

{08441 In some configurations, the water-out condition comprises no water present
or a predetermined level of water present.

[0845] In some configurations, the method may further include increasing power
10 a heater plate of the humidifier and/or reduce power to at least one heater wire of a conduit
configured to provide the gases from the hunudifier to the user so as to increase hunudity
and/or increase moisture.

{08846} In some configurations, the increased moisture may be condensate or water
m vapor permeable and/or liquid permeable material.

{08471 In some configurations, the method may further include determining the
water-out condition subsequent to mereasing the power to the heater plate and/or reducing the
power to the at least one heater wire in response to the predetermmed amount of moisture
and/or humidity being determined to be below a threshold.

{0848 In some configuraiions, the conduit may include at least a first electrically

conductive element and a second electrically conductive element. The at least one sensor signal
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may include a signal generated using one or more of the at least first and second electrically
conductive elements,

{08491 In some configurations, the first electrically conductive element and the
second electrically conductive element may be spirally wound about at least a length of the
conduit.

{8850} in some configurations, the first electrically conductive element and the
second electrically conductive element may be spirally wound within, through, or around the
conduit.

08511 In some configurations, the first electrically conductive element and the
second electrically conductive element form part of conduit walls.

08521 In some configurations, the first electrically conductive element may be a
Sensing wire.

{08531 In some configurations, the first electrically conductive element may be at
least one heater wire.

08541 In some configurations, the second electrically conductive element may be
a sensing wire,

[6855] In some configurations, the second electrically conductive element may be
at least one heater wire,

{08561 In some configurations, the at least one signal may be indicative of a
capacitance between the first electrically conductive element and the second electrically
conductive element.

[6857] In some configurations, the at least one signal may be indicative of a change
n capacitance between the first electrically conductive element and the second electrically
conductive element,

{0858} In some configurations, the first electrically conductive element and the
second electrically conductive element may be separated by a distance that may allow for a
capacitive charge to be sensed between the first electrically conductive element and the second
electrically conductive element.

{8859} In some configurations, the humidifier system may include a dielectric
material located between the first electrically conductive element and the second electrically

conductive element.
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[6860}] In some configurations, the dielectric material may be vapor or hiquid
permeable.

{08611 In some configurations, the vapor permeable dielectric material may allow
for evaporation of water to ambient air while mhibiting passage of liquid water and breathing
gases to ambient air.

{8862} in some configurations, the method may further include determining the at
least one value indicative of moisture based on a comparison of a measurement of the first
electrically conductive element and/or the second electrically conductive element.

08631 In some configurations, the at least one signal may be indicative of a
temperature of the first electrically conductive element or the second electrically conductive
element.

[0864] In some configurations, the at least one signal may be indicative of a change
in temperature of the first electrically conductive element or the second electrically conductive
element.

(08651 In some configurations, the at least one signal may be indicative of a thermal
conductivity of a medium between the first electrically conductive element and the second
electrically conductive element, or the at least one signal may be indicative of a thermal
conductivity of a medium proximal to the first electrically conductive element or the second
electrically conductive element.

{08866} In some configurations, the at least one signal may be indicative of a
resistance of the first electrically conductive element or the second electrically conductive
element.

[8867] In some configurations, the first electrically conductive element or the
second electrically conductive element may include at least two portions that are electrically
disconnected from one another.

[0868] In some configurations, the at least two portions may be in series with one
another.

{08691 In some configurations, the at least two portions may be in paralle! with one
another.

88761 In some configurations, the humidifier system may further include a signal

generaior. The method may further include determining the at least one value indicative of the
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amount of moisture in the conduit based at feast in part on a magnitude and/or phase of the at
least one signal.

08711 In some configurations, the at least one value indicative of the amount of
moisture in the conduit corresponds to an inductance of the conduit.

{88721 In some configurations, the at least one value indicative of the amount of
moisture in the conduit may correspond to a change in inductance of the conduit.

{6873} A method of delivering a flow of gases to a user according to the present
disclosure may use a controller of a humidifier that may be part of a humidifier system. The
humidifier system may include a hunudifier to heat and humidify the gases, a conduit to
transport the gases from the humidifier to the user. The conduit may include a first electrically
conductive element, a second electrically conductive element The method may include
monitoring capacitance and/or capacitance change of a capacitor formed between the first
electrically conductive element and the second elecirically conductive element to detect
presence of skin 1n close vicmnity or contact with the conduit.

08741 In some configurations, the capacitance and/or capacitance change includes
measuring a time constant, a resonant frequency, a change in a time constant, or a change in a
resonant frequency of the capacitor formed between the first electrically conductive element
and the second electrically conductive element.

[6875] In some configurations, the method may further include detecting a change
i permittivity of the capacitor based on the monitored capacitance and/or capacitance change.

[6876] In some configurations, the method may further include comparing the
detected change i permuttivity with one or more permittivity thresholds.

{08771 In some configurations, the method may further include detecting the
presence of skin in close vicinity or contact with the conduit in response to the detected change
m permitiivity exceeding the one or more pernuttivity thresholds.

[0878] In some configurations, the method may further include outputting an alarm
n response to detecting the presence of skin n close vicinity or contact with the condut.

08791 In some configurations, the method may further include outpuiting the
alarm in response to detecting the presence of skin mn close vieinity or contact with the conduit

continuously or intermittently for a predefined duration.
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[0880] In some configurations, the predefined duration may be variable based on
an expected conduit surface temperature.

08811 In some configurations, the conduit may include a dielectric material
between the first electrically conductive element and the second electrically conductive
element.

{0882} in some configurations, the first electrically conductive element and the
second electrically conductive element are spirally wound about at least a length of the conduit.

[0883) In some configurations, the first electrically conductive element and the
second electrically conductive element are spirally wound within, through, or around the
conduit.

08841 In some configurations, the first electrically conductive element and the
second electrically conductive element form part of conduit walls.

{0885} In some configurations, the first electrically conductive element may be a
sensing wire.

08861 In some configurations, the first electrically conductive element may be a
heater wire.

[6887] In some configurations, the second electrically conductive element may be
a sensing wire,

[06888] In some configurations, the second electrically conductive element may be
a heater wire.

0889} In some configurations, the first electrically conductive element and the
second electrically conductive element may be separated by a distance to allow for a capacitive
charge to be sensed between the first electrically conductive element and the second
electrically conductive element.

08901 In some configurations, the first electrically conductive element or the
second electrically conductive element may include at least two portions that are electrically
disconnected from one another,

08911 In some configurations, the at least two portions may be series with one
another.

{6892} In some configurations, the at least two portions may be in parallel with one

another.



WO 2023/084492 PCT/1B2022/060952
87

6893} The present disclosure includes a method of determining a condition of a
medical humidifier configured to provide gases to a patient. The method can comprise:
reducing power o a heater wire of a breathing tube coupled to the medical humidifier, wherein
the medical humidifier can comprise a heater plate and a temperature based flow sensor;
measuring a condensate metric; determining whether the measured condensate metric satisfies
an expected condensate meiric; and outputting the condition of the medical humidifier to a
controller of the medical homdifier in response to the measured condensate metric not
satisfying the expected condensate metric, wherein outputting the condition of the medical
humidifier can comprise disregarding reading from the temperature based flow sensor for
contro! of the medical humidifier.

08941 Insome configurations, the method can further include determining whether
the measured condensate metric satisfies the expected condensate metric comprises comparing
a condensate level in the breathing tube to a predetermined threshold.

[0895] In some configurations, the measured condensate metric not satisfying the
expected condensate metric can include the condensate level in the breathing tube being greater
than the predetermined threshold.

{08961 In some configurations, wherein outputting the condition of the medical
humidifier can include disabling the temperature based flow sensor.

[6897] In some configurations, wherein reducing power to the heater wire can
mclude disabling power to the heater wire.

0898} In some configurations, wherein outputting the condition of the medical
hurmidifier can include implementing an alternative method to determine a value indicative of
a flow rate of the gases.

[0899] In some configurations, wherein the alternative method can include an
algorithmic method that does not require further input from sensors.

[0980] In some configurations, wherein outputting the condition of the medical
humidifier can include adjusting a setting of the medical humidifier to be displayed on a user
interface of the medical humidifier.

{8901} In some configurations, wherein adjusting the setting of the medical
humudifier can include at least one of: adjusting PID coefficients; increasing a conirol loop

timing; and/or applying a maximum ncrease in a setpoint of the heater plate.
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[09982] In some configurations, wherein the condition can be a Heliox mode.

[6903] In some configurations, wherein outputting the condition of the medical
humudifier can include determining a gases source type.

{8904} In some configurations, wherein the power to the heater wire of the
breathing tube can be reduced or disabled for a predetermined period of time.

[8905] A method of determining a condition of a medical humidifier configured to
provide gases to a patient, the method comprising: reducing power to a heater wire of a
breathing tube coupled to the medical humidifier, wherein the medical humidifier comprises a
heater plate; measuring a condensate metric; deternuning whether the measured condensate
metric satisfies an expected condensate metric; and outputting the condition of the medical
hunudifier to a controller of the medical humidifier in response to the measured condensate
metric not satisfying the expected condensate metric.

109061 In some configurations, wherein reducing the power to the heater wire of
the breathing tube can include disabling the power 1o the heater wire,

69071 In some configurations, wherein the power to the heater wire of the
breathing tube can be reduced for a predetermined period of time.

[6908] In some configurations, wheremn determining whether the measured
condensate metric satisfies the expected condensate metric can include comparing a
condensate level in the breathing tube to a predetermined threshold.

{6909} In some configurations, wherein the measured condensate metric not
satisfying the expected condensate metric can include the condensate level in the breathing
tube being greater than the predetermined threshold.

8910} In some configurations, wherein the measured condensate metric not
satisfying the expected condensate metric can include the condensate level in the breathing
tube being less than the predetermined threshold.

[8911] In some configurations, wherein the condition can include a reverse flow
condition.

69121 In some configurations, wherein the measured condensate metric not
satisfying the expected condensate metric can include a condensate level of a dryline connected
to the medical humidifier and a gases source is greater than a condensate level of the breathing

tube.
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[8913] In some configurations, wherein outputting the condition can mclude
outputting a reverse flow alarm.

6914} In some configurations, wherein the condition can include the medical
humidifier having just started up or is malfunctioning.

89151 In some configurations, wherein the condition of the medical humidifier can
include no presence of flow or water out.

8916} In some configurations, the method can include confirming the
determination by performing a flow test or a water out test.

89171 In some configurations, the method can include mdicating the condition to
the patient in an audio or visual message.

0918} In some configurations, wherein the measured condensate metric not
satisfying the expected condensate metric can include a duration of time to dry condensation
in the breathing tube being greater than a predetermined threshold duration of time.

{0919} In some configurations, wherein n response to the duration of time to dry
condensation in the breathing tube being greater than a predetermined threshold duration of
fime, outputting the condition comprising the breathing tube being covered.

09201 In some configurations, wherein measuring a condensate metric can include
measuring a first condensate metric in a first section of an inspiratory limb and a second
condensate metric 1o a second section of the inspiratory limb; wherein determining whether
the measured condensate metric satisfies an expected condensate metric comprises comparing
the first condensate metric of the first section of the inspiratory limb and the second condensate
metric of the second section of the inspiratory himb, wherein the condition comprises an
incubator being used with the medical humidifier.

[8921] In some configurations, wherein the incubator can be determined to be used
in response to the first condensate metric of the first section being greater than the second
condensate metric of the second section.

{8922} In some configurations, wherein the first condensate metric and the second
condensate metric can each correspond to a presence of condensation.

{8923} in some configurations, wherein the presence of condensation in the first
section of the inspiratory limb and no presence of condensation in the second section of the

mspiratory limb can be indicative of the incubator being in use.
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[0924] In some configurations, the method can include decreasing power delivered
to the heater wire at the second section of the inspiratory limb when the incubator 1s used.

{69251 In some configurations, the method can inchude increasing power delivered
to the heater wire at the first section of the inspiratory limb when the incubator 15 used.

{89261 In some configurations, wherein the condition can be an orientation of the
breathing tube.

{69271 In some configurations, wherein the measured condensate metric not
satisfying the expected condensate metric can include the measured condensate metric at a
patient end of the breathing tube being greater than the measured condensate metric at an outlet
of a humidification chamber of the medical humidifier.

09281 In some configurations, wherein the measured condensate metric not
satisfying the expected condensate metric can include the measured condensate metric at the
patient end being greater than the measured condensate metric at a region between the patient
end and the outlet.

09291 A method to deternmine a condition of a humidifier configured to provide
gases to a patient, the method comprising: determining a startup condition; reducing power to
a heater plate of a medical humidifier coupled to a breathing tube and comprising a heater
plate; determining whether a measured condensate metric satisfies an expected condensate
metric; and outputting the condition of the humidifier to a controller of the humidifier based
one whether the measured condensate metric not satisfying the expected condensate metric.

09301 In some configurations, wherein the startup condition can include
determining a duration of time for which the humidifier has been powered on and determining
the duration of time indicating the bumidifier has just turned on.

[6931] In some configurations, the method can include resuming a state or normal
control in response to the measured condensate metric satisties the expected condensate metric.

[8932] In some configurations, wherein the condition can include an alarm that the
breathing tube is contaminated.

{6933} In some configurations, wherein the humidifier may have been just powered
on.

{8934} In some configurations, the method can include powering off the heater

plate and ensuring the heater plate is at a substantially cool temperature.
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[8935] In some configurations, the method can include raising a circuit moisture
alarm when condensate is detected.

{89361 A method of controlling power to a heating element of an inspiratory tube
coupled to a humidifier of a humidifier system, the method comprising measuring a
condensate metric of the humidifier system; determining whether the measured condensaie
metric satisfies an expected condensate metric; and controlling power to the heating element
based on at least whether the measured condensate metric satisfies the expected condensaie
metric.

89371 In some configurations, wherein determining whether the measured
condensate metric satisfies the expected condensate metric can include detecting whether the
measured condensate meitric is greater than a predetermined threshold.

{0938 In some configurations, the method further can include increasing power to
the heating element in response to the measured condensate metric being greater than the
predetermined threshold.

69391 In some configurations, the method can include decreasing power to the
heating element in response to the measured condensate metric being less than the
predetermined threshold.

{6940} In some configurations, the method can include determining whether a
power 1o the heating element s at a maximum.

8941} In some configurations, the method can include reducing a setpoint of a
heater plate of the humidifier of the humidifier system when the power to the heating element
1s at the maximum.

09421 In some configurations, wherein reducing a setpoint of the heater plate can
be based on determining that the measured condensate satisfies the expected condensate
metric.

[0943] In some configurations, wherem the inspiratory tube can be sensorless at a
patient end.

{89441 In some configurations, wherein whether the measured condensate metric
satisfies the expected condensate metric can be determined without an input from the sensor

located at the patient end.
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[0945] In some configurations, wherein the humidifier systern can be sensorless at
an outlet of a humidification chamber of the system.

{89461 A method of dentifying a tube type of a hunudifier system can include
determining a capacitance value of a tube and mapping the capacitance value to the tube type.

89471 In some configurations, the method can be performed at start-up of the
humidifier system.

[0948] Although discussed mainly with respect to respiratory assistance
apparatuses and surgical insufflators, it is to be understood that the moisture detection
disclosure provided by the present application can also apply to other medical or non-medical
uses of a conduit or humidified gases transport system where if is desirable to detect a presence

or extent of moisture.

BRIEF DESCRIPTION OF THE DRAWINGS
[0949] These and other features, aspects, and advantages of the present disclosure
are described with reference to the drawings of certain implementations, which are intended to

schematically illustrate certain implementations and not to limit the disclosure.

o

69561 Fig. 1A illustrates schematically an example respiratory humidifier system.

[695] Fig. IB ilustrates an example humdifier.

o

1
[68952] Fig. 1C illustrates an example heater base and cartridge.
{8953} Fig. 1D illustrates an example humidifier with the electropneumatic
connector disconnected from the hunudifier of FIG. 1B.
09541 Fig, 1E iflustrates an example heater base and humidification chamber.
0955} Fig. 1F illustrates an example cartridge.
[0956] Fig. 1G illustrates the electropneumatic connector of the humidifier of Fig.
1B.
[8957] Fig. 2 iilustrates schematically an example surgical homidifier system.
[8958] Fig. 3A shows a side-plan view of a section of an example composite
conduit.
{8959} Fig. 3B shows a longitudinal cross-section of a top portion of a tube similar

to the example composite conduit of Fig. 3A.
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[0960] Fig. 3C shows another longitudinal cross-section illustrating a first elongate
member in the composite conduit.

89611 Fig. 4A illustrates condensation interaciion with a non-permeable bead of a
composite conduit.

{8962} Fig. 4B illustrates condensation interaction with a permeable bead of a
composite conduit.

{8963} Fig. 5A illustrates an example modeled circuit system of a condensation
detection system using capacitance to detect condensation.

89641 Fig. 5B idlustrates an example modeled circuit system of & condensation
detection system using capacitance to detect condensation.

89651 Fig. 6 illustrates an example modeled circuit system of a condensation
detection system using a time constant or resonance frequency derived from inductance to
detect condensation.

{0966} Fig. 7A illustrates an example modeled circuit system of a condensation
detection system using resistance to detect condensation.

[08967] Fig. 7B dlustrates an example modeled circuit system of a condensation
detection system using resistance to detect condensation.

8968} Fig. 8A illustrates an example modeled circuit system of a condensation
detection system using resistance and short-circuiting to detect condensation.

[68969] Fig. 8B ilustrates an example modeled circuit system of a condensation
detection system using resistance and short-circuiting to detect condensation.

{86970} Fig. 9A illustrates schematically an example condensation detection system
using signal attenuation to detect condensation.

[8971] Fig. 9B iilustrates a conduit wall structures configured to detect moisture
using signal attenuation.

[8972] Fig. 10A illustrates an example modeled circuit system of a condensation
detection system using signal attenuation to detect condensation.

89731 Fig. 10B illestrates an example modeled circut system of a condensation
detection system using signal attenuation to detect condensation with monopoles.

{8974} Fig. 11A illustrates heat radiating from wires in a bead.
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[8975] Fig. 11B iilostrates an example modeled circuit system of a condensation
detection system using temperature or thermal conductivity to detect condensation.

{89761 Fig. 12 illustrates a table of resistor voltage vs. time constant in a
condensation detection systemn.

89771 Fig. 13A iHustrates a flow chart of a condensation detection mode.

{8978} Fig. 13B tllustrates a flow chart of a condensation measurement mode.

{69791 Fig. 13C illustrates a flow chast of a condensation measurement mode using
resonant frequency.

69801 Fig. 13D illustrates a flow chart of a condensation measurement mode using
signal attenuation.

(09811 Fig. 13E illustrates a flow chart of a condensation measurement mode using
thermal conductivity.

{09821 Fig. 14 illustrates an example bead with various conduit wall structures
configured to detect moisture.

09831 Fig. 15 illustrates an example configuration of a bead with an opening,

[0984] Fig. 16 illustrates a second example configuration of a bead with an
opening.

[8985] Fig. 17A illustrates an example configuration cross section of a part of the
tube wall,

{8986} Fig. 17B illustrates a second example configuration cross section of a part
of the tube wall.

[6987] Fig. 18 illustrates a portion of the tube wall with parallel elements.

{8988} Fig. 19 illustrates a portion of the tube wall where the elemsents can pivot.
[0989] Fig. 20 illustrates an example of a permeable wall portion of a conduit wall.
{9901 Fig. 21 illustrates a second example of a permeable wall portion of a conduit
wall.

{8991} Fig. 22 illustrates an example conduit configuration where elements are in
the same plane, parallel to the surface of the exterior conduit wall.

{8992} Fig. 23 illustrates a cross section of an example condwnt wherein the
elements are provided longitudinally, paralle] to the lumen, and equidistantly spaced about the

circumference of the tube
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[6993] Fig. 24 illustrates a cross section of an example condutt wherein an
additional conductive element wound about the outside of the condut wall.

{69941 Fig. 25 illustrates a cross section of an example conduit wherein individual
strands of two meshes can be insulated and multiplexed.

[8995] Fig. 26 illustrates an example method of a humidifier controller enacting
various moisture management measures.

{8996} Fig. 27 illustrates an example method of absolute hunudity reduction for
moisture management,

89971 Fig. 28 illustrates an example method of relative humidity reduction for
moisture management,

{0998} Fig. 29 illustrates an example method of moisture management using drying
strategies.

109991 Fig. 30 illustrates an example method of automatic condensate draining for
moisture management.

(10001 Fig. 31 A iHlustrates an example passive method of humidity sensing.

(1001} Fig. 31B illustrates an example active method of hunudity sensing.

[1602] Fig. 32A illustrates an example method of flow-related sensing using
moisture detection disclosed herein,

[1603] Fig. 328 illustrates an example method of flow-related sensing using
moisture detection disclosed herein,

[1604] Fig. 32C illustrates an example method of flow-related sensing using
moisture detection disclosed herein,

[1005] Fig. 32D illostrates an example method of flow-related sensing using
moisture detection disclosed herein,

{1906} Fig. 33 lustrates an example water-out detection method.

[1807] Fig. 34A illustrates an example humidifier system with correct connections,

{1008} Fig. 34B illustrates an example hunudifier system with correct connections.

10091 Fig. 35A illustrates an example hunudifier system with incorrect
connections.

(1016} Fig. 35B ilustrates an example hunmudifier system with incorrect

connections.
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(1011} 35C llustrates an example humidifier system with  incorrect

2!
=

connections.

(1012} Fig. 35D illustrates an example hunudifier system with incorrect
connections.

(1013} Fig. 36 illustrates an example humidifier system that can provide high flow
respiratory Support.

[1014] Fig. 37 illustrates a flowchart of an example process for gas type and room
entraining vent detection based on the condensate detection/measurement methods disclosed
hereim.

(1015} Fig. 38A illustrates a flowchart of an example process for no flow/water-
out detection based on the condensate detection/measurement methods disclosed herein.

(1016} Fig. 388 illustrates a flowchart of an example process for no flow/water out
detection based on the condensate detection/measurement methods disclosed herein.

{1017} Fig. 38C illustrates a flowchart of an example process of using detection of
no humidity for fault detection.

[1018] Fig. 39 iflustrates a flowchart of an example process for reverse flow
detection based on capacitance measurements disclosed herein.

(1019} Fig. 40 illustrates a flowchart of an example process for covered tube
detection based on the condensate detection/measurement methods disclosed herein.

1020} Fig. 41 llustrates a flowchart of an example process for contaminated tube
detection based on the condensate detection/measurement methods disclosed hereim.

[1021} Fig. 42 dlustrates a flowchart of an example process for incubator use
detection based on the condensate detection/measurement methods disclosed herein.

(1022} Fig. 43 illustrates a flowchart of an example process for tube type detection
based on the condensate detection/measurement methods disclosed herein.

[1023] Fig. 44 dlustrates a flowchart of an example process for tube orientation
detection based on the condensate detection/measurement methods disclosed herein.

(1024} Fig. 45 illustrates a flowchart of an example process for calculating power
to an inspiratory tube heating element power based on the condensate detection/measurement

methods disclosed herein.
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[1025] Fig. 46 llustrates a flowchart of an example process for calculating power
to multiple zones of an inspiratory tube heating element bhased on the condensate
detection/measurement methods disclosed herein.

{1026} Fig. 47 illustrates an example longitudinal cross section of a bubble tube

4701 in a quadruple helix arrangement.

DETAILED DESCRIPTION OF THE DISCLOSURE

(1027} Although certain implementations and examples are described below, those
of skill in the art will appreciate that the disclosure extends beyond the specifically disclosed
mmplementations and/or uses and obvious medifications and equivalents thereof. Thus, it is
intended that the scope of the disclosure herein disclosed should not be limited by any
particular implemendations described below. For example, the dimensions provided in the
present disclosure are examples and not limiting. Similarly, although described mainly with
respect to respiratory or surgical humidification systems, the present disclosure is applicable
to any tubing arrangement where it is desirable to measure moisture. The following examples
describe detection of a presence and, optionally, volume and/or location of moisture for
example, condensate, water, bodily fluids such as saliva, blood or mucus, or any liquid in the
condutt, but the disclosed methods and apparatuses may alternatively or additionally be applied
to detect humidity of the gases and/or the presence of other moisture or fluids within the

conduit system.

Example Gases Supply Systems

{1028} Fig, 1 schematically illustrates an example respiratory assistance apparatus
including a conduit system comprising one or more conduits 103, 117, a patient interface 115
and a Y-piece 113, The respiratory assistance apparatus may be a ventilator, a continuous,
variable, or bi-level positive awrway pressure {PAP) system or provide ancther form of
respiratory therapy, such as, for example, high flow therapy.

[1929] Gases may be transported in the breathing circuit of Fig. 1 as follows: dry
or relatively dry gases pass from a gases source 105 through a dry line tube or supply tube 157
to a humidifier 107, which humidifies the dry gases. The gases source 105 may be, for example,
a ventilator or a blower. The gases source 105 may be separated from the humidifier 107 or

itegrated with the humidifier 107 in a single housing,



WO 2023/084492 PCT/1B2022/060952
98

(1030} The humidifier 107 connects to an end 109 of a conduit, such as inspiratory
tube 103, via a port 111. The inspiratory tube 103 is connected to a patient 101 through a
patient interface 115, optionally using a Y-piece 113. An optional expiratory conduit, such as
expiratory tube 117, also connects to the patient interface 115 through the Y-piece 113, The
expiratory tube 117 may be configured to move exhaled gases away from the patient 101, As
itlustrated in Fig. 1, expiratory tube 117 returns exhaled gases from the patient 101 to the gases
source 105, Alternatively, the inspiratory tube 103 connects directly to the patient interface
115 without a Y-ptece 113, In such an unplementation, expired gases are allowed to flow
directly to the ambient environment, without requiring an expiratory tube.

(1031} Inspiratory tube 103 can mnclude electrically conductive elements such as
heater, sensor and/or moisture detection elements 145. Similarly, expiratory tube 117 can
include heater, sensor and/or moisture detection elements 147, Further, the Y-piece 113 and
patient interface 115 can also mclude heater, sensor and/or moisture detection elements. As
will be explained 1o further detail below, the heater, sensor and/or moisture detection elements
145, 147 can be wires or filaments.

(1032} As shown in the example respiratory assistance apparatus of Fig, 1, dry or
relatively dry gases enter the gases source 105 through a vent 119. A fan 121 may improve gas
flow into the gases source 10S by drawing air or other gases through the vent 119, The fan 121
may be, for instance, a variable speed fan, where an electronic controller 123 controls the fan
speed. The electronic controller 123 may also be controlled by a second electronic controller
125, or vice versa, in some implementations.

{1033} The humidifier 107 can nclude a bumidification chamber 129 containing a
volume of water 130 or other suitable homudifying hiquid. The humidification chamber 129
can be removable from the humidifier 107, The humidification chamber 129 may mclude a
highly heat-conductive base (for example, an aluminum base) contacting or associated with a
heater plate 131 on the humidifier 107, The exarmples in the present disclosure describe a heater
plate as a heater of the humidifier and a heater wire as a heater of the tube. Tt will be appreciated
that other heaters of the humidifier are possible {e.g a heater wire, or other type of heating
element) and other heaters of the conduit are possible (e.g. another type of heater element}.

(19341 The humidifier 107 may also include electronic controls. In Fig. i, for

example, the humdifier 107 includes an elecironic, analog, or digital controller 125, The
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controller 125 may be a microprocessor-based controller executing computer software
commands stored in associated memory. In response to humidity, temperature or other
feedback values provided via a user interface 133 and/or integrated sensors, the controller 125
determines heat, flow, pressure and/or other variables used to provide humidified gases to a
patient (also referred to herein as a user). User interface 133 can be one or more hardware
buttons and/or a display or touch screen display. The user interface 133 can provide audio
and/or visual feedback to the user. When condensation is detected, any number of alarms,
alerts, feedback, guidance or instructions can be provided to the user to indicate the presence,
extent or remedies for a condensation condition. For example, the user interface 133 can
provide an alarm when condensation is detected. The user interface 133 can provide a visual
indication of condensation. The user interface 133 can also provide an animation to mstruct a
user how to properly drain condensation.

(1935} Any suttable patient interface may be used. Patient interface 1s a broad term
and 13 to be given its ordinary and customary meaning to a person of ordinary skill in the art
(that is, it is not to be limited to a special or customized meaning) and includes, without
himitation, masks (such as tracheal mask, face masks, and nasal masks), endotracheal tubes,
tracheostomy tubes, cannulas, and nasal pillows. A temperature probe 135 may be incorporated
i or connected to inspiratory tube 103 near the Y-piece 113, or directly to the Y-piece 113 or
the patient interface 115 The temperature probe 135 monitors the temperature of the flow of
gases near or at the patient interface 115. A heating wire (such as moisture detection element
145) may be used to adjust the temperature of the patient interface 115, the Y-piece 113, and/or
the inspiratory tube 103 to maintain the temperature of the flow of gases above the saturation
temperature (that is the dew point temperature of the flow of gases), thereby reducing the
opportunity for unwanted condensation, and/or to deliver the gases at optimal temperature for
patient therapy (for example, 40°C at the patient end of the inspiratory tube and/or 37°C at the
patient for non-invasive therapy). As shown in Fig. 1, exhaled gases are optionally returned
from the patient interface 115 to the gases source 105 via the expiratory tube 117,

1036} The system of Fig. 1 may be readily adapted for other applications involving
the supply of a heated and/or humidified gas flow to a user or patient, including but not imited
to laparoscopy, and the like. Such applications may use aliernative gases, operating parameters

(e.g., flow, pressure, temperature, or humidity) and patient interfaces. Further, although shown
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with respect to a separate ventilator and humidifier system, it is to be understood that the
present disclosure can also be used with an mtegrated ventilator/blower and humidifier system.

(10371 The system of Fig. T can also provide oxygen () or an O fraction to the
user through port 149. The system of Fig. 1 can receive (& from a remote source and/or by
blending atmospheric air with incoming G from the remote source. The blending of
atmospheric air and incoming (O can occur via a Venturi or a similar inlet located in gases
source 105 or humidifier 107.

(1038} Fig, 1B tllustrates in more detail an example respiratory humidifier. Aside
from the differences described below, the humidifier is otherwise similar to the humidifier 107
of the system illustrated in Fig. 1.

(1039} The ilustrated humidifier comprises a heater base 151 with a heater plate
152, a user interface 154 and a controller 125 (see Fig. 1); a removable and replaceable
hunudification chamber 153; and a removable and replaceable cartridge 155, Fig. 1C-1F
itlustrate in more detail the cartridge 155, As shown 1o Figs. 1B and 1D, the inspiratory tube
159 can connect to the cartridge 155, The humidification chamber 153 is recerved by the heater
base 151, in thermal contact with the heater plate 152, In some embodiments, the cartridge
155 may also be integral with or permanently connected to the heater base, rather than
removeable and replaceable.

{10401 The cartridge 155 houses electronics and one or more sensors which sense
one or more properties of gases flowing through the humidification chamber 153 in use. The
sensors may be provided on probes protruding from the cartridge 155 and through an aperture
m the mlet or outlet of the humidification chamber 153, in use. The cartndge 155 also
comprises an electrical connector 161 which makes an electrical connection with the heater
base 151 for communication {for example, serial communication) with the controller. The
cartridge 155 may further house, m part or in whole, electronics configured to determine or
mfer a capacitance or change in capacitance of the inspiratory tube 159, as described m further
detail below, and communicate this to the controller via the electrical connector 161. The
cartridge 155 therefore preferably comprises a microcontroller communicatively coupled with
the sensor(s) and the controller. Alternatively, or additionally, the controller provided within
the heater base 151, in part or in whole, may be configured to determine or infer the capacitance

from data received from the sensor(s) via the electrical connection.
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(1041} In use, the outlet of a dry line tube 157 receiving a flow of gases from a
gases source 15 pneumatically coupled with the inlet of the humidification chamber 153, and
an inspiratory tube 159 comprising an electropneumatic connector 161 is electrically coupled
with the cariridge 155 and pneumatically coupled with the outlet of the humidification chamber
153 to transport the humidified flow of gases towards the patient. The electropneumatic
connector 161 makes a releasable and lockable connection with the humidification chamber
153 and/or cartridge 155, and comprises release buttons 163.

(1042} The electropneumatic connector 161, shown in further detail n Fig 1G
comprises electrical terminals or pads 171 respectively coupled with a pair of sensor wires 173
and a pair of heater wires 175 embedded within the inspiratory tube 159, forming respective
sensing and heating loops. The electrical terminals or pads 171 can be electrically coupled with
an identification resistor or other identification element embedded within the electropneumatic
connector 161, which may be used by the humidifier to identify the type of inspiratory tube
coupled with the cartridge 155 Alternatively, the type of inspiratory tube coupled with the
cartridge 155 may be identified using the method illustrated in Fig. 43 and described further
below. As described in further detail, moisture within the inspiratory conduit 159 may be
detected from a measure of capacitance between the electrically-isolated heating and sensing
loops. The connector 161 may further comprise additional wires or conductors configured to
detect moisture within the inspiratory tube 159, alone or in combination with one or more of
the sensor or heater wires 173, 175, Corresponding moisture detection terminals or pads 171
can be connected to the additional wires or conductors. . Alternatively, the additional wires or
conductors may be electrically coupled with the “identification” termunals or pads in place of
the identification resistor or other identification element, and may optionally have a
predetermined resistance {(or a resistance within a predetermined range), capacitance, or
resonant frequency unique to each tube model This arrangement provides the dual
functionality of identification and moisture detection. For example, a moisture-detection wire
having a particular resistance may be used by the humidifier to identify the tube as being
configured for capacitive moisture detection, and/or enable calibration of the cariridge and/or
heater base for moisture detection with that particular tube model.

(1043} The aforementioned electrical terminals or pads 171 of the

electropneumatic connector 101 are configured to make an electrical connection with
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corresponding pads or terminals on the cartridge (155 of Fig. 1B and Fig. 1D). Thus, in an
embodiment with a removable and replaceable cartridge 155, existing humidifier bases may
be retrofitted with a replacement cartridge comprising any additional electronics and/or
electrical pads or terminals required to detect moisture in the mspiratory tube. Similarly, the
disclosed humidifier, such as shown in Figs. 1C-1E, may be retrofitted with a replacement
cartridge for compatibility with alternative inspiratory conduits, if necessary. Alternatively, the
electrical terminals or pads of the eleciropneumatic connector and cartridges may be arranged
so that selected “core” terminals or pads make electrical connections with corresponding
terminals or pads of two or more different cartridges, while “optional” terminals or pads make
electrical connections only with specific terminals or pads of selected cartridges configured to
make use of those connections. A tube may correspond to a particular cartridge based on the
terminals or pads.

{19441 At a distal (patient) end of the inspiratory conduit 159, there 15 provided a
temperature sensor electrically coupled to the pawr of embedded sensing wires 173, forming
the sensing loop, and the heating wires 175 are also electrically coupled with each other,
forming the heating loop. The additional wire(s) or conductor(s) of the connector 161 described
above may similarly be electrically coupled at the distal end of the tube, although this may vot
be required in at least some implementations.

[1045] The cartridge 155 may further comprise a connector and/or cable configured
for connection to a corresponding connector of the expiratory conduit (147 of Fig. 1A) to
supply power to expiratory heating wire(s). In some implementations, the cartridge 155 and
expiratory conduit 147 may alternatively or additionally be configured to detect motsture in
the expiratory tube 147, with the connector and/or cable providing the required electrical
connections.

{1946} Fig, 2 1Hustrates an example surgical msufflation device that can be used,
for example, in a laparoscopy procedure. The laparoscopic cannula 207 can be connected to a
gases delivery conduit 2006, for example, via a Luer lock connector 4. The cannula 207 can be
used to deliver gases into a surgical site, such as within the cavity of the patient 2. The cannula
207 can include one or more passages to iniroduce gases and/or one or more surgical
mstruments into the surgical cavity. The surgical instrument can be a scope, electrocautery

tool, or any other instrement. The surgical instrument can be coupled to an imaging device,
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which can have a screen. The imaging device can be part of a surgical stack, which can include
a plurality of surgical tools and/or apparatuses.

(10471 The humidifier chamber 205 can optionally or preferably be in serial
connection to a gases supply 9 via a further conduit 204, The gases supply 9 can provide one
or more nsufflation gases, such as carbon dioxide, to the humidifier chamber 205. The gases
supply can provide a continuous gases flow or an intermittent gases flow. The gases can be
humuidified as they are passed through the humidifier chamber 205, which can contain a volume
of water 220.

{1048} A humidifier that incorporates the humidifier chamber 205 can be any
suitable type or kind of hunudifier. The humidifier chamber 205 can include a plastic formed
chamber having a metal or otherwise conductive base sealed thereto. The base can be 1n contact
with the heater plate 212 during use. The volume of water 220 contained in the chamber 205
can be heated by a heater plate 212, which can be under the control of a controller or control
means 208 of the humudifier. The volume of water 220 within the chamber 205 can be heated
such that it evaporates, mixing water vapor with the gases flowing through the chamber 205 to
heat and humidify the gases.

{10491 The controller or control means 208 can be housed in a humidifier base unit
221, which can also house the heater plate 212. The heater plate 212 can have an electric
heating element therein or in thermal contact therewith. The humidifier base unit 221 and/or
the heater plate 212 can be removably engageable with the humidifier chamber 205. The
humidifier chamber 205 can also alternatively or additionally include an integral heater.

{1056} A temperature sensor can also be located at or near the outlet 209 to monitor
a ternperature of the hunidified gases leaving the humidifier chamber 205 from the outlet 209.
Additional sensors can also optionally be incorporated, for example, for sensing characteristics
of the gases (such as temperature, humidity, flow, or others} at a patient end and/or anywhere
along the gases delivery conduit 206. The temperature sensor can be connected to the controller
208 through a sensor wire within, throughout, or around gases delivery conduit 206

(10511 The gases can exit out through the humidifier’s outlet 209 and into the gases
delivery conduit 206. The gases can move through the gases delivery conduit 206 mto the
surgical cavity of the patient 2 via the cannula 207, thereby inflating and maintaining the

pressure within the cavity. Preferably, the gases leaving the outlet 209 of the humidifier
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chamber 205 can have a relative humidity of around 100%. The gases travel along the gases
delivery conduit 206. As with all of the various example humidifier systems discussed above,
“rain out” can scour such that water vapor can condense on a wall of the gases delivery conduit
206. Condensate can have undesirable effects, such as detrimentally reducing the water content
of the gases delivered to the patient. In order to reduce and/or minimize the occurrence of
condensation within the gases delivery conduit 206, a heater wire 210 can be provided within,
throughout, or around the gases delivery conduit 206, The heater wire 210 can be elecironically
connected to the humidifier base unit 221, for example by an electropneumatic connector of
gases delivery conduit 206,

Composite Tubes

(10521 Fig. 3A shows a side-plan view of a section of an example composite
conduit or tube 301. In general, the composite tube 301 comprises a first elongate member 303
and a second elongate member 305, Member s a broad term and is to be given its ordmary and
customary meaning to a person of ordinary skill in the art, 18 not to be limited to a special or
customized meaning, and includes, without limitation, integral portions, integral components,
and distinct components. Thus, although Fig. 3A illustrates an implementation made of two
distinct components, 1t will be appreciated that in other implementations, the first elongate
member 303 and second elongate member 305 can also represent regions in a tube formed
from a single material. In some configurations, the first elongate member 303 can represent a
hollow portion of a tube as described below, while the second elongate member 305 can
represent a structural supporting or reinforcement portion of the tube which adds structural
support to the hollow portion. The hollow portion and the structural supporting portion can
have a spiral configuration, as described herein. The composite tube 301 may be used to form
the inspiratory tube and/or the expiratory tube of any type of system as described above, a
coaxial tube as described below, or any other tubes as described elsewhere in this disclosure.

[1053] In this example, the first elongate member 303 comprises a hollow body
spirally wound to form, at least in part, an elongate tube having a longitudinal axis LA-—-LA
and a lumen 307 extending along the longitudinal axis LA-—LA In at least one
implementation, the first elongate member 303 is helical tubular member. Preferably, the first
elongate member 303 is flexible. Furthermore, the first elongate member 303 is preferably

transparent or, at least, semi-transparent or semi-opaque. A degree of optical transparency
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allows a caregiver or user to inspect the lumen 307 for blockage or contaminants or to confirm
the presence of condensate. A variety of plastics, including medical grade plastics, are suitable
for the body of the first elongate member 303, Hxamples of suitable materials include
Polyolefin elastomers, Polyether block amudes, Thermoplastic co-polyester elastomers,
EPDM-Polypropylene mixtures, and Thermoplastic polyurethanes.

{1054} The holiow body structure of the first elongate member 303 contributes to
the msulating properties of the composite tube 301, An insulating tube 301 1s desirable because
it reduces heat loss. This can allow the tube 301 to deliver gas from a heater-humidifier to a
patient while ameliorating heat loss and condensation formation with less energy consumption
than an uninsulated tube {or, a tube lacking a hollow body component for insulation).

10551 The hollow portion of the first elongate member 303 can opticnally be filled
with a gas. The gas can be air, which is desirable because of #ts low thermal conductivity
(2.62x10? W/mK at 300K) and very low cost. A gas that is more viscous than air may also
advantageously be used, as higher viscosity reduces convective heat transfer. Thus, gases such
as argon (17.72x10° W/mK at 300K), krypton (9.43x10” W/mK at 300K), and xenon
(5.65x107 W/ mK at 300K} can increase insulating performance. Fach of these gases is non-
toxic, chemically 1nert, fire-inhibiting, and commercially available. The hollow portion of the
first elongated member 303 can be sealed at both ends of the tube, causing the gas within to be
substantially stagnant. Alternatively, the hollow portion can be a secondary pneumatic
connection, such as a pressure sample line for conveying pressure feedback from the patient-
end of the tube to a controller. The first elongate member 303 can be optionally perforated. For
mstanee, the surface of the first elongate member 303 can be perforated on an outward-facing
surface, opposite the fumen 307, The holiow portion of the first elongate member 303 can also
optionally be filled with a hiquid. Examples of liquids can include water or other biocompatible
liquids with a high thermal capacity. For instance, nanofluids can be used. An example
nanoftuid with suitable thermal capacity comprises water and nanoparticles of substances such
as aluminum,

10561 The second elongate member 305 15 also spirally wound and joined to the
first elongate member 303 between adjacent turns of the first elongate member 303. The second
elongate member 305 forms at least a portion of the lumen 307 of the elongate tube. The second

elongate member 305 acts as structural support for the first elongaie member 303,
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[1057] The second elongate member 305 can optionally be wider at the base
{proximal the tlumen 307) and narrower at the top. For example, the second elongate member
305 can be generally triangular in shape, generally T-shaped, or generally Y-shaped. However,
any shape that meets the contours of the corresponding first elongate member 303 is suitable.

[1058] The second elongate member 305 can be flexible, to facilitate bending of
the tube. The second elongate member 305 can be less flexible than the first elongate member
303. This improves the ability of the second elongate member 305 to structurally support the
first elongate member 303, For example, the modulus of the second elongate member 305 is
preferably 30 — 50 MPa (or about 30 — 50 MPa). The modulus of the first elongate member
303 15 less than the modulus of the second elongate member 305, The second elongate member
305 can be solid or mostly solid. In addition, the second elongate member 305 can encapsulate
or house conductive material, such as heating elements, sensing wires or an antenna. In some
embodiments, the second elongate member 305 can be extruded Heating elements {also
referred to herein as heating wires, heating filaments or filaments) can minimize the cold
surfaces onto which condensate from moisture-laden air can form. Heating elements can also
be used to alter the temperature profile of gases in the lumen 307 of composite tube 301,
Sensing wires may be coupled with a sensor, such as a temperature sensor, integrated within
or otherwise provided at a distal end of the tube, in use providing measurements which may be
used by the gases supply system, such as humidifier 107, in a feedback control system to adjust
the amount of heat provided by the one or more heating wires or other components of the gases
supply system. A variety of polymers and plastics, including medical grade plastics, are
suitable for the body of the second elongate member 305, Examples of suitable materials
inciude Polyolefin  elastomers, Polyether block amudes, Thermoplastic co-polyester
elastomers, EPDM-Polypropylene mixtures, Thermoplastic polyurethanes, Thermoset and
Thermochromic materials. In some configurations, the first elongate member 303 and the
second elongate member 305 can be made from the same material. The second elongate
member 305 can also be made of a different color material from the first elongate member 303,
and can be transparent, translucent or opaque. For example, the first elongate member 303 can
be made from a clear plastic, and the second elongate member 305 may be made from an
opague blue {(or other color) plastic. Further material options are described below, particularly

with reference to permeable or breathable materials.
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[1059] This spirally-wound structure comprising a flexible, hollow body and an
integral support can provide crush resistance, while leaving the conduit wall flexible enough
to permit short-radius bends without kinking, oceluding or collapsing. Preferably, the tube can
be bent around a 25 mm diameter metal cyhinder without kinking, occluding, or collapsing, as
defined in the test for increase in flow resistance with bending according to 1SO 5367.2014(E),
for example. This structure also can provide a substantially smooth lumen 307 surface (tube
bore), which helps keep the tube free from deposits and improves gas flow. The holiow body
of the first elongate member 303 has been found to improve the insulating properties of the
tube, while allowing the tube to remain light weight. In other implementations, however, a
non-smooth lumen surface or tube bore may be preferred, as described below.

10601 The compostte tube 301 can be used as an expiratory tube and/or an
inspiratory tube in a conduit system, or a portion of a conduit system.

(19611 The first elongate members 303 and second elongate member 305 (with
encapsulated heating elements and sensing wires) may each be extruded adjacent to each other
onto a rotating mandrel in a double-helix arrangement to form a continuous length of tubing.
The continuous length of tubing may be cut to any desired lengths appropriate for use in a
conduit system (severing the heating elements and sensing wires in the process) and terminated
with appropriate connectors at each end. For example, with reference to the system of Fig. 1,
an nspiratory conduit may be terminated with a chamber end connector at one end, for
pneumatic coupling with a humudification chamber 129 and electrical coupling with a
humidifier 107 {or cartridge of a humidifier), and a patient end counnector at the other end for
pneumatic coupling with a Y-piece 135 or patient nterface 115, The patient end connector
may comprise an integrated temperature sensor which 1s electrically coupled with the severed
sensing wires to form a sensing circuit. At, or near, the patient end connector, the severed
heating elements may also be electrically coupled with each other to form a heating circuit.
Alternatively, the heating elements and/or sensing wires may be terminated by respective
heating and/or sensing terminals in the patient end connector, for electrical coupling with
another component of the conduit system. At the chamber end connector, the severed heating
elements and sensing wires may be electrically coupled with respective heating and sensing
terminals integrated within the chamber end connecior. The chamber end connector may be

configured for simultaneous pneumatic coupling with the outlet of the humidification chamber
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129 and electrical coupling with the humudifier 107, Alernatively, the chamber end connector
may comprise an electrical socket, for example, for independent pneumatic and electrical
coupling with the humidification chamber 129 and humidifier 107, respectively.

{1062} In some implementations, the tube may be further provided with one or
more intermediate connectors, such as a midpoint connector comprising a diode enabling either
a first half or section, or an entire length, of the tube to be selectively heated by supplying
power to the heater wires in a first or second polarity. For example, the first half or section of
the tube may be powered in the first polarity and the entire length of the tube may be powered
in the second polarity. The midpoint connector may additionally or alternatively comprise a
further sensor, such as a temperature sensor. Alternatively, two or more zones of the tube may
be configured to be controlled fully independently of each other, so that any one or more of
the zones may be selectively heated and/or sensed.

(1963} Fig. 3B shows a longitudinal cross-section of a top portion of the example
composite tube 301 of Fig. 3A. Fig. 3B has the same orientation as Fig. 3A. This example
further illustrates the hollow-body shape of the first elongate member 303. As seen in this
example, the first elongate member 303 forms a longitudinal cross-section of enclosed portions
309, This cross-section of the first elongate member 303 appears as a “bubble” in Fig. 3B.
Portions 309 of the first elongate member 303 overlap adjacent wraps of the second elongate
member 303, A portion 311 of the first elongate member 303 forms the wall of the lumen (tube
bore).

[1064] A gap 313 between adjacent turns of the first elongate member 303 can
mprove the overall mmsulating properties of the composite tube 301, Furthermore, the gap 313
between adjacent bubbles can increase the heat transfer resistivity (the R value) and,
accordingly, decreases the heat transfer conductivity of the composite tube 301, This gap
configuration also improves the flexibility of the composite tube 301 by permitting shorter-
radius bends. A T-shaped second elongate member 305, as shown in Fig. 3B, can help maintain
a gap 313 between adjacent bubbles. Nevertheless, adjacent portions of first elongate member
303 can be configured to be touching. For example, adjacent portions can be bonded together
or need not be bonded together. In such a bonded configuration or when the adjacent portions
are not bonded, an elongate member, such as T-shaped second elongate member 305 or other

shaped member, can be included which 15 water permeable or made of wicking materials in
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order to improve capacitive measurements in the presence of condensate as described further
below.

[1065] One or more conductive materials (referred to herein as “elemenis,”
“conductive elements” or “filaments”) can be disposed in the second elongate member 305 for
heating and/or sensing the gases flow. In this example, two elemenis 315 are encapsulated in
the second elongate member 303, one on either side of the vertical portion of the “T.” The
elements 315 comprise conductive material, such as alloys of Aluminum (Al and/or Copper
(Cu), or conductive polymer. Preferably, the material forming the second elongate member
305 15 selected to be non-reactive with the metal in the elements 315 when the elements 3135
reach their operating temperature. The elements 315 may be spaced away from fumen 307 so
that the elements are not exposed to the lumen 307. At one end of the composite tube, pairs of
elements can be formed into a connecting loop.

119661 A plurality of elements can be disposed in the second elongate member 305.
The elements can be electrically connected together to share a common rail. For example, a
first element, such as a heating element, can be disposed on a first side of the second elongate
member 305. A second element, such as a sensing element or wire, can be disposed on a second
side of the second elongate member 305, An optional third element, such as shown n Fig. 3C
as a ground element, can be disposed between the first and second elements. The first, second,
and/or third elements can be connected together at one end of the second elongate member
30S. The third element may also be configured to dissipate power to heat the tube and/or gases,
and the humidifier may comprise a bias generator circuit configured to enable a sensor coupled
with the second elongate member 305 to be read regardless of whether or not the heater wire
is powered. There can also be four wires, as shown in Figs. 4A-4B, {two heating elements
forming a pair and two sensing wires forming a pair) with respective ends of each pair being
electrically conmnected or continuous at a distal end of the tube so that the heating and sensing
circuits are independent from each other. Arrangements can include one, two, three, four or
more wires. These elements can be connected to the gases supply system using an electrical
connector that s either separate from or integrated with a pneumatic connector of the
composite tube. A pitch of the helically wound conduit (for example, the pitch of the first and
second elongate members) can be vaned (for example, decreased) in order to enhance a

capacitive measurement in some areas of the conduit, as described in further detail below.
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[1067} In other mmplementations, the tube may be provided with one or more
additional wires or conductive elements, referred to generally as capacitive wires, provided
specifically for the purpose of providing a capacitive coupling with another wire or circuit. The
capacitive wire(s) need not necessarily form a closed loop or circuit like the heating and
sensing wires generally will. The capacitive wire(s} also need not necessarily extend the full
length of the tube. In some implementations, there may be a plurality of capacitive wire(s) of
varying length, which may allow a general location of any moisture within the tube to be
detected.

(1068} {nsome implementations, the composite tube may comprise respective pairs
of first and second elongate members wound in a quadruple-helix arrangement. Fig. 47 shows
a cross section of a bubble tube 4701 in a quadruple helix arrangement. The tube 4701 includes
a first pair of first elongate member 4710 and second elongate member 4720, and a second pair
of first elongate member 4730 and second elongate member 4740, In particular, sensing wires
may be provided in one of the second elongate members (for example, in the second elongate
member 4740), with heating wires and at least one capacitive wire provided in the other second
elongate member {for example, 1n the second elongate member 4720), each separated by the
pair of first elongate members 4710, 4730 respectively. The pair of first elongate members
may be the same as each other or different. Such an arrangement may be preferred to provide
a moisture-dependent capacitive coupling between the heating and capacitive wires, while
minimizing any capacitive coupling with the sensing wires which may affect sensor readings.

[1669] The above description of a composite tube 1s not meant to be limiting, but
is provided as an exampie ounly. It 1s to be understood that any other type of conduit can be
used with the condensation detection of the present disclosure. This includes any sized, shaped
or constructed tube that incorporates heating, sensor and/or condensate detection elements
the walls of the tube and/or the tube lumen, such as elements which float or dangle freely
within the tube or outside of the tube, as shown in Fig. 3C, or are attached to one or more
locations within the tube or outside of the tube. As shown 1 Fig. 3C, tube 391 includes walls
393 and floating or danghing elements 395, 1t should be appreciated by one of skill in the art
that “floating” elements internal to the lumen (not encapsulated in the wall) may be provided
as shown, or may be cotled or wound inside the lumen and be held in place in the lumen with

a retainer, or could be provided in other configurations as known in the art. As described in
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further detail below, moisture may be detected from varnations in the capacitance between
adjacent elements. Different conduit structures have different properties which may be
exploited to enhance this detection. For example, helically-wound elements, such as the
heating elements and sensing wires described above with respect to Figs. 3A-38, can have
capaciiive properties that are relatively high due to the length of the elements and may detect
condensate anywhere on the conduit wall. On the other hand, a floating element within the tube
may have the advantage that 1t will tend to setile at the botiom of the conduit where
condensation may also accumulate, which may be preferable in some arrangements. A floating
element also need not be extruded with the tube, permitting greater flexibility in the design of
the floating element (for example, materials, manufacturing methods, and/or varations in
dimensions along the length of the floating element}. As would be understood by a person of
skill in the art, there are many different types of tubes and elements in use and known within

the art, any one of which can be used with the present disclosure.

Condensation Detection

Capacitance and Inductance Based Condensation Detection

[1676] When two or more elements or wires are located within a conduit, a parasitic
capacitance (reactance and/or inductance) may exist between them. Although this parasitic
capacitance can negatively affect sensor measurements and therefore efforts have been
employed to mitigate parasitic capacitance effects (for example, as discussed in
W02018116187A1, mcorporated herein n s entirety by reference), it has been discovered
that the parasitic capacitance can be dependent on moisture within the conduit, and it can
therefore be used as an wndication and/or measure of humidity, moisture, fhud and/or
condensation {collectively referred to herein as “condensation” for purposes of brevity).
Applicants have surprisingly found that 1n this way, the elements may be treated as the “plates”
of a capacitor, and changes to the capacitance due to the presence of moisture may be observed
and measured. In some implementations, the measurement of the capacitance does not require
any sensor(s) of any type or kind to be exposed to the flow path of the gases in the conduit
while in other implementations any known sensor can be used to measure capacitance. By
atilizing existing conductive elements within a conduit {for example, existing heating or sensor

elements or wires), this discovery provides an inexpensive and accurate solution to detect the
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presence and/or quantity of condensation within a conduit without substantial change to the
conduit or gases supply system. Alternatively, additional conductive elements specifically for
this purpose may be included in a tube. This may allow the tube to be designed to minimize
negative or undesirable effects from parasitic capacitance with the sensing wires, and/or
otherwise enhance the sensitivity to condensate without compromising performance of the
heating and/or sensing wires. For example, heating elements and moisture detection elements
may be provided in close proxamity to each other, with sensing wires spaced apart and/or
embedded in a non-permeable material. In another arrangement a tube may comprise sensing
wires embedded in the conduit wall, and heating elements and a dedicated condensate detection
wire of moisture detection element floating freely within the lumen, as partially shown in Fig.
3C. In ancther arrangement, as disclosed above, sensing wires may be provided in a separate
second elongate member 3035 to the heating elements and moisture detection elements or wires
in a quadruple helix tube.

(1071} The dielectric constant between two electrically isolated conductive
elements (for example, for sensing elements, heating elements, or the like), and hence the
capacitance, will differ depending on the distance between the elements as well as the existence
or amount of condensate on the inner wall surface of the conduit (or, in the case of a vapor
permeable wall material, the amount of individual water molecules that move into the wall).
Generally, dielectric constant and capacitance are positively related. Moisture near the
conductive elements, for example, on the mner wall surface of the conduit, can have a parasitic
or peripheral effect on capacitance. In other words, the inherent capacitance of the conduit can
change in accordance to the amount and proximity of condensation present in the tube if the
elements are at a fixed distance. The distance that the elements are separated requuires design
considerations in order to properly balance element usage. For example, the elements should
be close enough to create a detectable capacitance, yvet spaced enough so that there 15 sufficient
moisture change to create the detectable change in capacitance. Accordingly, the distance that
the elements are separated may be designed such that the elements are close enough to create
a detectable capacitance, yet spaced encugh so that there is sufficient moisture change 1o create
the detectable change in capacitance.

(1072} Although the conductive elements (referred to herein as “elements” for

brevity) are described mainly with respect to wires or filaments, such as heater wires or sensor
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wires, it 13 to be understood that the elements can be something other than physical wires. For
example, the elements can be conductive plates, polymers, tapes or ribbons, conductive ink,
conductive thread or any other conductive materials.

{1973} Fig. 4A schematically illustrates a conduit wall 401, this time comprising
respective pairs of conductive heating and sensing elements 415, and how condensate 407
which 1s present on the inner wall of the tube will affect the dielectric between any two wires
which are electrically isolated. In some implementations, the elongate member 305 in Figs.
3A-3B 1s a bead 405. For example in Fig. 4A, bead 405 is not permeable to fluid. Condensate
407 1 this arrangement 1s therefore adjacent to, rather than directly between, the heating and
sensing elements 415, but has been found to result in a measurable change in the parasitic
capacitance between the conductive elements. Alternatively, or additionally, as described in
further detail below, the profile of the bead 405 may be modified to enhance sensiivity to
condensate by, for example, providing a channel between adjacent conductive elements which
is open to the lumen to receive the condensate 407 hetween two of the elements 415

(1074} To increase the capacitance between the elements 415, the wires may be
provided side-by-side in an alternating or interleaved arrangement, that is in the order heating-
sensing-heating-sensing. Other arrangements, such as heating-sensing-sensing-heating or
heating-heating-sensing-sensing, may alternatively be used.

[1675] Fig. 4B schematically illustrates a second example where the bead 405 15
either vapor permeable and/or fluid permeable. It has been found that the vapor permeable
material enhances the effect of condensation upon the parasitic capacitive coupling between
the wires, 50 that 1t can be detected with greater precision. In one example, the matenal can be
vapor permeable such that the matenial allows evaporation of water molecules to ambient aw
while effectively blocking passage of iquid water and breathing gases to ambient air. Although
using a vapor or fluid permeable material 1n an inspiratory tube 13 generally undesirable as it
will reduce the humidity of gases delivered to the patient, if it 15 only used in the bead 405, this
drying of the gases will be munimized. Further, this material can be covered on the outside by
another material that is not vapor or fluid permeable material to allow penetration of vapor or
fluid for measurement purposes without allowing the vapor or fluid to leak to ambient. For
example, in Fig. 3B, if the proximate portions of elongate members 303 are joined together, a

vapor or liguid permeable elongate member 305 would not leak to ambient.
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[1076] A bead 405 can be made from, for example, one or more of an activated
perfluorinated polymer material having extreme hydrophilic properties {such as NAFION
branded products), hydrophilic thermoplastic, woven treated fabric exhibiting breathable
characteristics, a hydrophilic polyester block copolymer {such as SYMPATEX branded
products), a breathable thermoplastic copolyester {(TPC) (more specifically a breathable
copolyester with a polyether soft segment) (including materials such as ARNITEL® VT 3108
or those with similar or greater breathable properties), or any other materials which allows
evaporation of water vapor to ambient air while inhibiting or blocking passage of liquid water
and breathing gases to ambient. Using such materials, individual molecules 409 can pass
through the bead by diffusion, directly affecting the dielectric constant between any two
electrically isolated wires or elements. The dielectric constant will also be affected due to the
presence of condensate on the inner wall of the tube. It should be noted that one of skill in the
art would appreciate that the wires can be insulated by a sheath to prevent short-circutting
and/or corrosion.

(19771 Heremafter and throughout the description, a material that allows the
passage of water molecules through a monolithic wall of the material via the solution-diffusion
mechanism, without allowing the bulk passage of liquid water or bulk flow of respiratory gases
all the way through the wall is described as a “breathable” material 1t should be appreciated
by one of skill in the art that the water molecules i the wall are molecularly dispersed in the
media, and are therefore without a state (solid, liquid, or gas), although they are sometimes
referred to n the art as vapor (e.g. the rate of transfer is often referred to as a water vapor
transmission rate or the like). It should further be appreciated that a monolithic wall does not
contain open channels or through holes from one major surface to another, such that viruses
could be carried through such channels or holes alongside air or liguid water drops via the pore
flow mechamism. It should yet further be appreciated that, like all polymers, some small
molecule transport of respiratory gases {such as oxygen, carbon dioxide or nitrogen) may occur
n trace or de munumis amounts (1.e not “bulk” flow}, which, for a breathable material as
defined herein, would typically be at a rate at least an order of magnitude lower than that for
water molecules. Furthermore, of particular relevance for breathing gases being delivered to
or from a patient, such small molecule transport of respiratory gases would be of an amount

less than that allowed for compliance with the relevani standards, for example, in the leakage
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test of ISO 2367:2014 at Section 5.4 tested via the method set out in Annex E, which is hereby
icorporated by reference in tis entirety.

(1078} Other element structures within a conduit can also be used. For example,
the elements do not need o be comprised within the wall of the conduit, but could be allowed
to float within the conduit. In such a configuration, the elemenis are likely to rest in condensate
at the lowest part of the tube which can allow for improved condensate detection. Further, a
vapor and/or liquid permeable material could be used to surround and join the elements in
order to improve condensate measurements. Alternatively, as shown in Fig. 3C, a hquid water
absorptive, wicking, and/or hydrophilic material 397 such as cotton, organic or norganic
fabrics or fibers, or an open-cell foam material could be used to surround and join the elements
399 in order to improve condensate measurements. Such a material also provides the advantage
of inhibiting mobility of the condensate towards sensors, the patient or the ventilator or other
gases source where condensate 15 most undesirable. Additionally, or alternatively, the conduit
can imclude microstructures, such as channels, to transport hiquid condensate towards and/or
along an appropriate measurement element by capillary action. Further examples of these
structures are described below with respect to Figs. 8-18.

[1679] The inner wall of the tube may also have operungs (including, for example,
dips, corrugations, valleys, square channels, and/or undulations of varying sizes and shapes)
to encourage condensate to accumulate in the openings. For example, this can include parallel
or helical corrugations or longitudinal channels with valleys adjacent the relevant elements so
that condensate accumulates where 1t will 1nfluence capacitance between the elements. This
may provide safety for the patient by reducing the likelihood of condensation flowing into the
patient interface, and may also provide a specific measurement site.

(1080} In some implementations, a capacitance measurement can be performed by
generating a signal which passes through the tube along one or more elements. This 15 used to
detect and measure, by a detector 507, a time constant dependent on the inherent capacitance
“C7 between that element and one or more adjacent elements. This process 18 schematically
represented i Fig. 5. A supplied power step change or pulse, or a series of pulses, can be used
as the generated signal to measure the change in capacitance. These measurements can either

coincide or be interleaved with either or both of temperature sensing measurements of heating
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wire usage. Capacitance can also be measured by any known method of measuring or
determining capacitance.

(10811 Fig. 5A schematically illustrates a signal generator 501, a conduit system
503, a resistor R 505 and a detector 507. The signal generator 501, resistor 505 and detector
507 would generally be integrated within a humadifier 10 electrical communication with the
conduit system 503, such as in the cartridge and/or the heater base as described above. The
conduit sysiem 503 is represented by the vanable capacttor C. The conductive elements of the
conduit system will also have their own electrical resistance, for example caused by the heater,
sensor and/or capacitance measurement element, but this is omitted for clarnty. The series
resistance of the element and resistor R 505 in conjunction with the capacitance C of the
conduit system 503 form a circuit with a characteristic time constant. The time constant can be
mathematically represented as © = RC, where 1 represents the time required to charge the
capacitance, through the resistor, from an mitial charge voliage of zero to approximately 63.2%
(1 — ¢y of the applied voltage, or to discharge the capacitor through the same resistor to
approximately 36.8% (e} of its initial charge voltage. If the resistance R is made significantly
large compared to the element resistance, then the element resistance can be gnored, and an
approximate fime constant t will equal the resistance R multiplied by the capacitance C of
conduit. f the resistance R is constant, then the time constant 1s proportional to the capacitance
of the conduit.

(1082} Capacitance will vary in accordance with the amount of condensate n the
conduit. The capacitance and amount of condensate i the conduit can be configured through
conduit design to be positively related. Therefore, the presence of condensate in the conduit
may be mferred from a comparison of a measured value imndicative of the capacitance (such as
the time constant 1} with 3 predetermuned threshold. Alternatively, or additionally, an
approximate volume of condensate in the conduit can be inferred from an absolute
measurement of the measured value indicative of the capacitance. Alternatively, or
additionally, whether water is presently condensing or evaporating in the tube may be inferred
by comparing two or more measurements of a value indicative of capacitance over time.

{1083} The voltage across the resistor R, Vg, 1s;

[} Vg = Vmemt'/Rc
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[1084] Where R 15 the value of the resistor, C 15 the capacitance of the tube, and
Vin 1s the signal generator output.

1085} It can also be seen that:

(21 Vi = Vo + Vi
E3}Vlew im— Ve
[1086] The voltage across the resistor R may be measured by any appropriate

means, for example by using a detector, whose output may be read by using a general purpose
mput/output (GPIO} pin of a micro-controller. Additionally or alternatively, frequency domain
techniques such as a fast Fourier transform (FFT) can be used to infer capacitance. For
example, signal generator 501 could be configured to generate a signal at a certain frequency.
At any given frequency the capacitance will exhibit a reactance Xc¢ which impedes current
flow, where X = 1/(2rf () and f'is the frequency. Conduit system 503 and resistor R 505
then form a voltage divider whereby detector SO7 can be configured to detect a certain voltage
level representative of a certain capacitance or condensation level.

[1087] Alternatively, the tube capacitance can be mcluded in an RC oscillator
circuit to determine the presence and/or amount of condensation. Fig. 5B is an example RC
oscillator circuit, although any comparable RC oscillator circuit can be used. The example RC
osciflator circuit in Fig. SB may have a variable tube capacitance C ST1, an oscillator resistor
R 513, an operational amplifier 515, a first resistor 517, and a second resistor 519 which are
ali electrically connected. The oscillator circuit may be electrically connected to a frequency
sensor. The frequency sensor can be located in the heater base, an external accessory, the sensor
cartridge, an intermediate tube connector, or within the tube itself

{1088} The frequency sensor will determine the frequency of the ouiput of the
oscillator circuit. For example, the frequency sensor could measure the frequency of the
oscillator output by counting how many pulses occur over a fixed time-window, which in turn
cant be used to determine the frequency of the oscillator circuit. The frequency of the output of
the oscillator circuit can be proportional to changes m the variable tube capacitance —
specifically, if capacitance increases, the oscillation frequency will decrease as shown in the

below equation, where & is a constant that represems a raiio between resistors R1 and R2.

[41f =k o

27nRC
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[1089] Tube capacitance will vary in accordance with the amount of condensate in
the tube. The presence of condensate in the tube may be inferred from a comparison of a
measured value indicative of the capacitance (such as frequency f} with a predetermined
threshold. Alternatively, or additionally, an approximate volume of condensate in the conduit
can be inferred from an absolute measurement of the measured value indicative of the
capacitance. Alternatively, or additionally, whether water is presently condensing or
evaporating in the tube may be inferred by comparing two or more measurements of a value
mdicative of capacitance over time.

10901 Alternatively, a fixed inductor may be added to the circuit and the
capacitance calculated or inferred from a resonant frequency of the resistor-inductor-capacitor
(RLC) or iductor-capacitor (LC) circuit. In an inductance-based detection system, the
inductance of a wire or wires in the breathing tube can be measured to detect the presence of
condensation. For example, the embedded wires in the bead {for example, the bead 4035 of Fig.
4A) of the breathing tube can be configured to function as an inductor. The mductance of the
inductor 1s a function of the permeability of the media present within the core of the inductor.
Air and water have different relative permeabilities, thus the inductance of a breathing tube,
which can be measured at one end, may vary due to changes in moisture content within the
breathung tube.

(19911 Fig. 6 15 an example inductance-based condensation detection system,
which schematically illustrates an LC type circuit 600 which can have a first component 601
electrically connected to a second component 610. The first component 601 can be modeled
as first inductor Ly, 603 n parallel with a first capacitor Oy 602, The second component
can be modeled as a second inductor Ly g,y 611 in parallel with a second capacitor Oy 613,
an exciter module 615 (for example, a sensor), and a controller 617. In some implementations,
the first inductor Ly, 603, the first capacitor Cpyp, 002, the second inductor Ly, 611, the
second capacitor Oy 613, or any combination thereof are actual electrical components such
as inductors and capacitors. In some implementations, the first inductor Ly, 603, the first
capacitor Cpupe 602, the second nductor Ly, 611, the second capacitor Crgpi 613, or any
combination thereof are the result of intrinsic capacitance or inductance. The combination of
the second inductor Ly, 611 and the second capacitor (g 613 can be referred to as a

resonant tank, resonant circuit, tank circuit, tuned circuit, LC network, or LC oscillator, or any
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other parallel combination of inductor and capacitor which will exhibit resonant behavior when
excited. The resonant tank can be elecirically connected to the exciter module 615, which is in
turn electrically connected to the controller 617,

{1092} in some implementations, the second component 610 is on-board and can
be located in the hunmidifier heater base (for example, the heater base 151 of Fig. 1B) while the
first component 601 is off-board and may be in a tube (for example, the inspiratory tube 159
of Fig. 1B} As such, the resonant tank can be located in the humidifier heater base and is
connected in parallel to one of the embedded wires and an exciter module 615, The resonant
tank can be excited by an injection of energy. One example of an injection of energy is a step
change in current, which can be injected by the exciter module 615 at the direction of the
controller 617 Oscillations in current and voltage occurring at a frequency known as the
‘resonant frequency’ {w} will thus be observed.

(1993} Alternatively, the resonant tank, the exciter module 6135, the controller 617,
or any combination of the resonant tank, the exciter module 615, and the controlier 617 can be
located 1n an external accessory, the sensor cartridge, an intermediate tube connector, or within
the tube itself.

(1094} In some embodiments, the first component 601 and the second component
610 are not electrically connected. For example, the resonant tank may not be electrically
connected to the first component 601 but may include a separate wire wound around the tube.
This may create high inductance for the resonant tank. In some embodiments, the separate wire
implementation of the resonant tank is within the walls of the tube, but external to the bead (in
embodiments where the first component 13 embedded in the bead 405).

(1995} The resonant frequency is dependent on the inductance and capacitance in
the circuit. Lygnr and Cpony are known and fixed by design; therefore, changes n resonant
frequency can be inferred from changes 1u the first inductor Ly pe0r the first capacitor Crype.

[1696] The resonant frequency of the system (@) can be determined by overall
system inductance L and the overall system capacitance ¢ determined by the following

exXpressions;

- 1
[6] L = === and € = Coupe + Crank

Leube Liank
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[1097] As seen in the above equations where Lign and Cigny are known and fixed
by design, resonant frequency is influenced by both Ly, .01 Coupe. If Liype 1s much larger than
Crupe (for example, one or more orders of magnitude), then Ly, 1s therefore the dominant
element i the tube model A change i the measured resonant frequency can be associated
with a change in the Ly, and £, can be ignored.

[1098] Because inductance has a relationship with permeability and water has a
lower permeability than air, when the volume of condensate in the fube increases, Ly, will
decrease. This will be reflected m the measured resonant frequency, which will

correspondingly increase. The correct expression for Lyype (ignoring Crype) 18

{7] i — Lank
T Htube (@2 LgnkCrani)—1

(1999} Since all parameters except @ and Ly, are fixed, if Ly, decreases, @
must increase.

{1166} Alternatively, if Cpyp0 18 much larger than Ly, (for example, one or more
orders of magnitude), then {4, ts therefore the dominant element in the tube model. A change
in the measured resonant frequency can be associated with a change in the Oy, and Ly, can
be ignored.

{1101} Because capacitance has a relationship with permittivity and permittivity of
water 1s much higher than air/bead material, Cppyp, will increase with moisture presence. This
will be reflected in the measured resonant frequency, which will correspondingly degrease.
Ignoring Liype. Crune can be approximated as:

(8} Crupe = @ Lignk

{1162} In this case, only @ and Crype will change, so the resonant frequency will

- - CLank
decrease with increased tube capacitance.

(1183} In some implementations, the tube can be configured such that €, is
much larger than the Ly,;,. In some implementations, the tube can be configured such that
Liune 18 much larger than the Cppype.

(1104} Connecting the resonant tank in parallel with any of the embedded tube
wires to measure the tube inductance to contribute to the overall inductance of the LC tank

takes advantage of the mtrinsic nductances of an elongated wire coil and water, and
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specifically how their presence will affect the resonant frequency of the resonant tank when it
is actively excited by an exciter module 615

[1105] By measuring the resonant frequency of the resonant tank, where the
inductance comprises a kunown nominal value of Ligq, and an unknown Ly, or Coupe
{(whichever was configured to be much larger) and a known nominal value of Gy, the
controller of a device performing humidification can determine an approximate value of Ly,
or {ype which varies due to the presence of condensation in the tube. Thus, the value of L.
or Cpype and/or how Ly,p,. oF Oy changes over time can provide an indicator of condensation
presence and/or the quantity of condensate in the tube.

{1106} Either or both the first inductor Ly, 603 and with a first capacitor Cypype
602 can be a combination of elements to provide the necessary inductance and/or capacitance
for the first component 601. In some implementations either or both the second inductor
Liani 611 and the second capacitor Cpgpy, 613 could be a combination of elements to provide
the necessary inductance and/or capacitance for the second component 610.

(1107} In some nmplementations, the exciter module 615 (for example, a sensor) 1s
not a part of the second component 610, but instead the exciter module 615 is a part of the first
component 601, In other implementations, the exciter module 613 13 optional and may not be
a part of either the second component 610 or the first component 601,

1108} In some mplementations, the LC circuit 600 1s instead an RLC circuit.

[1169] In some implementations, an alternative device or circuit for measuring the
resonant frequency may be emploved instead of either the exciter module 615, the controller
617, or the combination thereof. Example alternatives include any of the following or similar
devices and circuits, or combination thereof: digital signal processors and analog operational
amplifier circuits.

(1110} Some features of the moisture (for example, condensate} detection/sensing
technologies disclosed herein may be implemented using aliernative ways for detecting and
monitoring moisture and/or humidity.

[1Eg1} Although the moisture detection/sensing technologies have been described
mainly with respect to the capacitance-based sensor signal, other sensor signals can be used,
for example, changes in inductance, resistance, RF signal attenuation, and thermal

conductivity, as described above. There may be some differences in the implementation of
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moisture detection depending on the sensor signal used. For example, an nductance-based
approach still detects whether the temperature of the flow of gases is equal to or less than a
dew point temperature by measuring changes in the resonant frequency of an LC or RLC
circuit, which is dependent on the inductance. In this case, the system hardware and the
detection eriteria (implemented in software/firmware) may be similar to the capacitance-based
approach, albeit with appropriate differences. Such differences may include different threshold
values that are suited for inductance changes. As another example, if an RF signal attenuation
approach is used, the moisture detection method may be more different from the capacitance-
based approach, in part because such an approach requires active transmission of RF signals
to function, and the relationship(s) between RY signal propagation qualities and moisture
presence are different from those of electrical reactance (for example, capacitance and
inductance).

Tube Tyvpe Detection

{1112} In addition to moisture detection, the capacitance measurements disclosed
herein can also be utilized to detect the type of tubes or conduits in the humidifier system. For
example, the type of inspiratory tube used may be detected based on the capacitance
measurenents. Hach tube may include two parallel wires, which may be heater wires or heater
wire ¢otls, or sensing wires. An example formula for the approximate capacitance between the

two parallel wires or wire coils within the tube 13 shown below:

Ep-ETC

In (%E)

(1113} Where C is the capacitance between two parallel wires; D is the length of

the individual wires within the tube; s 18 the distance between the centres of the two parallel
wires; d is the diameter of the individual wires; g, 1s the relative permittivity of the space
surrounding the wire, and; gy is the permittivity of free space. The above formula may
approximate the capacitance between the two parallel wires when the diameter of both parallel
wires 1s equal {d1=d2=d) and the distance between the two conductors is greater or far greater
than their diameters (d<<<s}.

{1114} The capacitance values of the tube may be varied by varying any of the

parameters in the formula shown above. In some examples, the distance between the two
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parallel heater wire coils may be varied. This would result in a change in the distance between
the centres of the two parallel wires, 5. In some examples, the length of two parallel heater wire
cotls may be varied. This may vary ), the length of the individual wires within the tube. In
some examples, the dielectric material between two conductors may be adjusted. This may be
done by using different materials for each tube type and/or by removing or adding dielectric
materials in between the sensing wires in the tube. This may vary &, the relative permittivity
of the space surrounding the wires. In some examples, the diameter of two parallel heater wires
may be adjusted. This may vary 4, the diameter of the individual wires.

[1115] FIG. 43 dlustrates a schematic of a process to determine the tube type
within the humidifier system. At block 4310, a controller of the system (for example, a
controller of a humidifier) may measure the capacitance value of the tube. At block 4320, the
controller may map the measured capacitance value to the tube type. The controller of the
system may inclide a memory device that stores a look-up table or a database that allows the
matching of the measured capacitance value to the tube type or the like. At block 4330, the
controller may adjust control of the tube (for example, control of power to the heater wires or
the set point of a sensor in the tube) and/or the heater base {or cartridge) (for example, adjust
the power of the heater plate or the set points of sensors in the heater base or cartridge) based
on the detected tube type. Optionally, the system may, before or after adjusting the control
based on the tube type, query a user of the system as to the desired therapy or control mode
{(based on, e.g., patient type or therapy type or both) or system parameter settings (such as set
points for temperature or flow sensors and the like) to confirm or approve the adjusted control.
This may be accomplished via any suitable user interface, display, and/or 1input device as are
known in the art and described herein.

{1116} Patient types may include, for example, infant or neonatal patients, pediatric
patients, adult patients, or the like. Therapy types may include, for example, high flow gas
therapy {generally greater than 15 hiters/minute of gases or higher through an unsealed
mterface), non-mnvasive ventilation (generally through a sealed interface, such as a mask),
mvasive ventilation {where the patient’s upper airway 1s bypassed), closed surgery (for
laparoscopic or keyhole surgical procedures), open surgery (for surgeries with open surgical
sites), anesthesia {generally for an apnoeic patient under general anesthesia via an unsealed

mterface at gas flows above 30 liters/minute), or the like.
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Resistance-Based Detection

[13174 Water and condensation may also be more conductive than the bead
material. As such, resistance may be measured at certain segments or focations of the tube wire
to determine if there is condensation present.

{1118} Fig. 7A is an example schematic of a resistance-based condensation
detection system, which schematically illustrates a first detection wire 701 and a second
detection wire 703 located in the bead 710. In some implementations, the first detection wire
701 and the second detection wire 703 may be same wire, or may be different wires. Moisture
can be absorbed into the bead 710 which can create a low-resistance path 707 between the first
detection wire 701 and the second detection wire 703, which would allow current 705 to flow
between the first detection wire 701 and the second detection wire 703. Current 705 may be
considered leakage current. The first detection wire 701 and the second detection wire 703 are
connected to one or more sensors which can measure the resistance or current on the first
detection wire 701 and/or the second detection wire 703,

[1119] In some implementations, the first detection wire 701 and the second
detection wire 703 are running parallel to each other within the bead 710. In some
implementations, the first detection wire 701 and the second detection wire 703 are running
parallel to each other within the bead 710 such that the first detection wire 701 and the second
detection wire 703 are equally distant from a center or centerline of the bead. In some
maplementations, the first detection wire 701 and the second detection wire 703 are running
parallel to each other within the bead 710 such that the first detection wire 701 and the second
detection wire 703 are not equally distant from a center or centerline of the bead.

1128} In some mmplementations, the first detection wire 701 and the second
detection wire 703 are not electrically connected {0 any other wire or component at one end of
the bead 710, thus both detection wires would be open-circuit at one end of the bead so as not
to allow current to flow along the first detection wire 701 and the second detection wire 703,

[18214 When more moisture 15 present, whether at one location or multiple
locations, between the first detection wire 701 and the second detection wire 703 more current
will be measured on the first detection wire 701 and/or the second detection wire 703 by the

one Or More Sensors.
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(1122} In some implementations, the first detection wire 701 and the second
detection wire 703 can be a heater wire, thermistor wire, or any other wire in the bead 710.

{1323} Fig. 7B 15 an example schematic of a resistance-based condensation
detection system, which schematically illustrates a first set of detection wires 721, a second set
of detection wires 723, and a third set of detection wires 725 located in the bead 710. Moisture
can be absorbed inio the bead 710 which can create a low-resistance path between a set of
detection wires, which would allow current to flow between the set of detection wires. For
example, moisture may be absorbed into the bead 710 which creates a low-resistance path
between the first set of detection wires 721 such that current flows between the first set of
detection wires.

1124} Insome tmplementations, moisture can be absorbed into the bead 710 which
can create a low-resistance path between one or more detection wires of different sets of
detection wires, which would allow current to flow. For example, moisture may be absorbed
into the bead 710 which creates a low-resistance path between one wire of the first set of
detection wires 721 and another one wire of the second set of detection wires 723 such that
current flows.

[1125] In some implementations, the first detection wire 701 and the second
detection wire 703 are not electrically connected fo any other wire or component at one end of
the bead 710, thus both detection wires would be open-circuit at one end of the bead 50 as not
to allow current to flow along the first detection wire 701 and the second detection wire 703.

[1126] In some noplementations, the length of the first set of detection wires 721
is different from the length of the second set of detection wires 723, In some implementations,
the length of the second set of detection wires 721 13 different from the length of the third set
of detection wires 723, For example, the first set of detection wires 721 may run one-third of
the length of the bead 710, the second set of detection wires 723 may run two-thirds of the
length of the bead 710, and the third set of detection wires 725 may run the full length of the
bead 710. Any set of detection wires can be any length along the bead 710 or a portion of the
bead 710.

{1827} in some implementations, the length of one wire of the first set of detection
wires 721 1s different from the length of ancther one wire of the first set of detection wires 721.

For example, one wire of first set of detection wires 721 may run one-third of the length of the
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bead 710 while the another one wire of the first set of detection wires 721 may run two-thirds
of the length of the bead 710. Any set of detection wires can be any length along the portion.
Any wire of a set of detection wires can be any length along the bead 710 or a portion of the
bead 710

{1128} In some mmplementations, a longer set of detection wires may be insulated
along their lengths for the length of a shorter set of detection wires which would prevent or
mitigate current from flowing between wires of different sets along the length of the shorter
set of detection wires. For example, the second set of detection wires 723 has insulation 731
along the length of the second set of detection wires 723 for the length of the first set of
detection wires 721, and the third set of detection wires 725 has insulation 731 along the length
of the third set of detection wires 725 for the length of the second of detection wires 723. This
msulation can be any form of moisture insulation. Examples of moisture insulation can include
a membrane or layer of material in the bead 710 impermeable by water, or a membrane or layer
of material 1n the bead 710 that absorbs moisture less than other portions of the bead 710.

(1129} In some implementations, there are more than three sets of detection wires
located in the bead 710. In some implementations, there are less than three sets of detection
wires located n the bead 710.

[1138] In some implementations, any detection wire of any combination of the first
set of detection wires 721, the second set of detection wires 723, and the third set of detection
wires 725 can be a heater wire, thermistor wire, or any other wire in the bead 710,

(1131} It 15 to be understood that there can be more or less than three sets of
detection wires. It 18 also to be understood that the above descriptions of the first set of
detection wires 721, the second set of detection wires 723, and the third set of detection wires
725 are interchangeable with any other set of detection wires.

Short-Ciycuit Based Detection

(1132} Additionaily, the water or condensation can cause an electrical short-circuit
between a wire or multiple wires at some threshold. This may happen because the water or
condensation may be more conductive than the bead material. Fig. 8A is an example schematic
of a short-circuii based condensation detection system, which schematically itlustrates one or
more detection wires 801 which are exposed to the lumen 811 of the conduit through the tube

mner wall 810, wherein the one or more detection wires 801 are electrically connecied to a
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power source m the heater base or sensor cartridge and a measurement component. The one or
more detection wires 801 may have one or more exposed portions 813 to the lumen 811 of the
conduit. In some implementations, the exposed portions 813 protrude from the one or more
detection wires 801 into the lumen 811 of the conduit. The one or more detection wires 801
could be spaced throughout the tube, either for the entire length of the tube or only a portion
of the length of the tube. In some implementations, the one or more detection wires are spaced
periodically. The one or more detection wires 801 could be electrically connected to a power
source. in some implementations, the power source elecirically connected to the one or more
detection wires 801 is one or more discrete power sOurces.

1133} The one or more exposed portions 813 of the one or more detection wires
801 can be used to detect condensation. For example, there may be one or more exposed
portions 813 of the one or more detection wires 801 which normally provides a measured
resistance of 100 M€ When one or more of the exposed portions 813 are shorted together by
moisture (for example, at potential short locations 815}, however, the measured resistance may
drop to 90 MQ or lower. Alternatively, the measured current could change to show a short-
circuit could be formed by condensation. Potential short focations 815 could be between one
or more exposed portions 813 of different detection wires 801 or between multiple exposed
portions of the same detection wire 801, Such short locations 815 could be used to detect
condensation along the length of the tube. In some implementations, the one or more exposed
portions 8§13 of the one or more detection wires 801 can be configured to detect moisture in a
cross section of the tube, for example by having the one or more exposed portions at an equal
length or near equal length along the tobe.

[1134] The one or more detection wires 8G1 may be used to precisely find where
the condensation s located. For example, there may be drop 1n resistance along two detection
wires 801. This could mean that there 13 condensation around and/or between one or more
exposed portions 813 of both detection wires causing a short-circuit.

(1135} Alternatively, the one or more detection wire 801 can be one or a
combination of a heater wire, thermistor wire, or any other wire in the tube.

{1136} Fig. 8B is an example schematic of a short-circuit based condensation
detection system, which schematically iltusirates a detection wire 821 in the bead 830, wherein

the detection wire 821 i3 electrically connected to a power source in the heater base or sensor
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cartridge and a measurement component. The detection wire 821 may have one or more
exposed portions 833 to the bead channel 831. In some implementations, the exposed portions
833 protrude from the detection wire 821 into the bead channel 831, The detection wire 821
could be run through the bead 830, either for the entire length of the tube or only a portion of
the length of the tube. For example, there may be one or more exposed portions 833 of the
detection wire 821 which may provide a measured resistance of 100 ML, When one or more
of the exposed portions 833 are shorted together by moisture (for example, at potential short
locations 835), however, the measured resistance may drop to 90 MO or lower. Potential short
locations 835 could short one or more of the exposed portions 833 that are in series with one
ancther or i parallel with one ancther. Alternatively, the measured current could increase.

{11374 Water or condensation is more conductive than air. Similarly, water or
condensation may be more conductive than the bead material. This would allow water or
condensation to partially or corapletely short the circuit of the detection wire 821 at the exposed
portions 833, thereby reducing a measured resistance or increasing a measured current at the
measurement component to detect the water or condensation.

(1138} The bead 830 can have a condensation diversion channel (for example, the
one or more openings 903 of Fig. 1S which will be described later. The segments of the
detection wire 821 could be peniodically exposed to the interior of the channel In some
implementations, the detection wire may not be a complete circuit (for example, open at the
patient end). Thus, when moisture is diverted into the bead channel, the water may complete
the circuit between exposed portions of the detection wire. This could be detected by measuring
wire resistance, which could be very high in the absence of condensation in the bead channel,
or current, which could be very low unless the circuit 1s complete,

{1139} In some implementations, the resistance-based condensation detection
system may also be able to detect how much water or condensation s present by measuring
the change in resistance or current at the measured point by the one or more detection wires
801, 821.

{1140} The resistance-based condensation detection system may be useful if the
one or more detection points are located at known points 1n the tube where condensation tends

o be quite high, for example at the tube mid-point which can be sagging leading to the pooling
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of condensate. The tube may be sagging due to arrangement of the humidifier and tube at the
patients” bedside.
[1141} Alternatively, the detection wire 821 can be one or a combination of a heater

wire, thermistor wire, or any other wire in the bead 830.

Radio Frequency (RF} Attenuation Based Detection

(1142} Water and condensation are poor propagation mediums for high frequency
signals. This attribute can be used to detect if condensation is present in the breathing tube.

1143} Fig. 9A 15 an example schematic of an RF attenuation-based condensation
detection system, which schematically llustrates a sensor cartridge 901, a transmitter 911 (Tx),
and a receiver 913 {Rx). The sensor cartridge 901 may have a controller 903, a signal generator
905 and a signal measurement component 907.

{1144} In the example schematic of Fig. 9A, the controller 903 15 electrically
connected to the signal generator 905 and the signal measurement component 907, The signal
generator 905 is electrically connected to the transmitter 911. The signal measurement
component 907 is electrically connected to the receiver 913,

[1145] The controller 903 can instruct the signal generator 905 to create a signal
915 to be transmitted by the transmitier 911, The signal 915 1s then received by the receiver
913 and then measured at the signal measurement component 907. Once the signal 915 i3
measured, the signal measurement compounent 907 can communicate the measurement
mformation of the signal 915 to the controller 903 to determine how to respond. When
condensation 1s introduced to the transmission path between the transmitter 211 and the
recetver 913, the condensation can lead to significantly increased signal attenuation of the
signal 915 when received by the receiver 913, Attenuation is the reduction i signal magnitude
or intensity when a signal is propagated through a mediom. Thus, the received signal at the
receiver 913 will be an attenuated version of the signal 915, The presence of water between
the transmitter 911 and the receiver 913 can be detected by measuring the magnitude of the
received signal. The magnitude of the received signal can also be used to determine how much
water or condensaiion is present between the transmitter 911 and the receiver 913.

1146} The frequency of the signal may encompass a broad spectrum of

frequencies, namely any frequency where transmuission through water or condensation would
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attennate the signal. This could include, for example, a frequency band of 30 Hz — 300 GHz.
In some implementations, the signal has a frequency in the 1-100 MHz band. In some
implementations, the signal has a frequency of approximately 10 MHz At approximately 10
MHz, the length of the antennas of the transmitter 911 and the receiver 913 may be one-quarter
the signal wavelength. One-quarter wavelength antennas can be useful for resonance which
may maximize the power of the signal 915 transmitted, and therefore the signal received. In
some implementations, the resonant frequency of water (~2.45 GHz} is the frequency of the
signal 915. Using the resonant frequency of water may yield the lowest signal-to-noise ratio at
the receiver antenna, which may also increase sensitivity to condensation changes.

(1147} The signal generator 905 can be any suitable high frequency signal
generator. Similarly, the signal measurement component 907 any suitable high frequency
transducer such as an AM receiver, RF rectifier circuit or RF sampling ADC.

{1148} In some implementations, any combination of the controller 903, the signal
generator 903, and the signal measurement component 907 could be located in the base {for
example, the base 151 in Fig. 1B) or in a part of the breathing tube (for example, the breathing
tube 159 n Fig. 1B).

{11491 Fig. 9B provides an example cross-section of a tube bead 920 with
embedded wires including a heater wire 922 and a thermistor wire 924 in an RF attenuation-
based condensation detection system. In this example, a radio-frequency signal is igected into
the heater wire 922 by a signal generator (for exaruple, the signal generator 905 of Fig. 9A),
causing the heater wire 922 to act as a transmitter of a signal 926. The thermistor wire 924 acts
as a receiver of the signal 926 and carries the signal to the signal measurement component (for
example, the signal measurement component 907 of Fig. 94}

11506} In the example implementation of Fig. 9B, the heater wire 922 1s adjacent
to the thermistor wire 924, In some implementations, the heater wire 922 and the thermistor
wire 924 are not adjacent wires.

{1151} Fig. 10A is an example schematic of an RF attenuation-based condensation
detection system which uses a heater wire 1011 as a transmitter (for example, the transmitter
911 of Fig. 9A) and a thermistor wire 1013 as a recetver (for example, the receiver 913 of Fig.

9A). Fig. 10A schematically 1llustrates a sensor cartridge 1001, a heater wire 1011, and a
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thermistor wire 1013, The sensor cartridge 1001 may have a signal generator 1003, a filter
1005 and a signal measurement component 1007

(1152} In the example schematic of Fig. 10A, the signal generator 1003 1s
electrically connected to the heater wire 1011, The thermistor wire i3 electrically connected to
the filter 1005 which is in turn electrically connected to the signal measurement component
1007. The signal generator 1003, the filter 1005, and the signal measurement component 1007
are electrically connected to other componenis in the sensor cartridge 1001 or other
componenis of the humidifier.

(1153} The signal generator 1003 creates a signal 1015 to be transmitted by the
heater wire 1011, The signal 1015 1s then received by the thermistor wire 1013, The heater
wire 1011 is used as a transmitter and the thermistor wire 1013 1s used as a receiver as described
with relation to Fig. 9A. The received signal may then be filtered by filter 1005 to eliminate
extraneous frequencies other than the frequency or frequencies generated by the signal
generator 1003 such that only an attenuated version of signal 1015 1s measured at the signal
measurement component 1007, Example filters can be high pass or bandpass filters. The filter
can also be configured to filter out the mains frequency, wherein the mans frequency refers to
the frequency of mains power. Mains power 1s power coming from a wall/plug socket or power
grid.

1154} As described with relation to Fig. 9A, the magnitude of the received signal
can be used to detect the presence of water between the heater wire 1011 and the thermistor
wire 1013 or determine the amount of water or condensation present therebetween.

11585} The heater wire 1011 and the thermistor wire 1013 can be separate wires
from other wires used to carry signals in the bead. In some implementations, the heater wire
1011 and the thermistor wire 1013 are not separate wires used to carry signals in the bead.

{1156} In some implementations, there 13 no filter 1005, As such, the signal
measurement component 1007 measures whatever signal 18 on the thermustor wire 1013, In
some implementations, there may be additional filters or alternative filter configurations to
separate heater wire signals from other RF signals and/or separate thermistor wire signals from
other RF signals. This allows for differentiation between condensation-detection signals on the
heater wire and/or the thermistor wire from other RF signals, such as signals used for purposes

other than the detection of condensation.
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[11587] In Fig 10A, the heater wire 1011 and thermistor wire 1013 are both
electrically connected to the sensor cartridge 1001 and/or the humidifier. As such, both the
heater wire 1011 and the thermistor wire 1013 form loop antennas. This implementation may
be suitable for transmission and reception of a signal 1015 with a lower frequency, as loop
antennas can be effective at frequencies below 30 MHz,

{1158} The signal generator 1003 can be a discrete signal generator from signal
generators for other signals over the heater wire 1011 or thermistor wire 1013,

1159} Fig. 10B is an example schematic of an R¥ attenuation-based condensation
detection system similar to Fig. 10A. Again, the heater wire 1011 1s used as the transmatter and
the thermustor wire 1013 1s used as the receiver. However, in the example implementation of
Fig. 10B switches 1004, 1008 are employed to disconnect one end of each of the heater wire
1011 and the thermistor wire 1013 from the humidifier or other parts of the sensor cartridge
1001. By disconnecting one end of each of the heater wire 1011 and the thernustor wire 1013,
monopole antennas are formed. In some implementations, the monopole antennas formed by
the heater wire 1011 and the thermistor wire 1013 are quarter-wave monopole antennas. The
switches 1004, 1008 are located in any one of the following: a heater base, a sensor cartridge,
the conduit, an external component, or an intermediate connector. A neo-natal bubble tube with
zone heating is an example intermediate connector.

{1160} With reference to Fig. 9B, the heater wire 1011 15 adjacent to the thermistor
wire 1013, In some implementations, the heater wire 1011 and the thermistor wire 1013 are
not adjacent wires.

1161} In some muplementations, any combination of the switches 1004, 1008, the
signal generator 1003, the filter 10035, and the signal measurement component 1007 are located
i the base {for example, the heater base 151 m Fig. 1B} or another part of the humidifier (for
example, the cartridge 155 in Fig. 1B). In some implementations, any combmation of the
switches 1004, 1008, the signal generator 1003, the filter 1005, and the signal measurement
component 1007 are located in the breathing tube (for example, at an intermediate point of the
inspiratory tube 159 in Fig. 1B}, In some implementations, any combination of the switches
1004, 1008, the signal generator 1003, the filter 1005, and the signal measurement component
1007 are located in a cartridge {for example, the cartridge 155 in Fig. 1B} attachable to the

base or tube. In some implementations, any combination of the switches 1004, 1008, the signal
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generator 1003, the filter 1005, and the signal measurement component 1007 are located

between both the base and the tube.

Thermally-Based Detection

(1162} Certain media or characteristics of media affect the efficiency and/or
magnitude of heat transfer. Water has a thermal conductivity that may differ from the thermal
conductivity of the bead material. Similarly, water has a specific heat capacity that may differ
from the specific heat capacity of the bead material. The difference in thermal conductivity
and/or the difference in specific heat capacity of water and the bead material can be used to
detect if condensation is present in the breathing tube. When condensation is present around
and/or in the bead, there may be improved thermal conduction between a pair of embedded
tube wires.

(1163} Fig 11A 1s an example diagram of thermal conductivity between two wires.
Fig. 11A illustrates a thernustor wire 1113, a heater wire 1111, and a radius r 1117 which
represenis the distance between the heater wire 1111 and the thermistor wire 1113,

(1164} The relationship between thermal conductivity and rate of change of
temperature where a linear heat source is present 1s represented below

(91T (r t) = ﬁ-f:}:ln F;—zi - y}

{1165}  Temperature T is a function of radius v and time ¢t where A 1s thermal
conductivity, g 1s the specific heat output of a linear heat source, v 1s Euler’s constant and a is
the thermal diffusivity.

{1166} Given a fixed radius v |, temperature T may be measured at two discrete
points in time and the temperature change can be readily computed without needing knowledge

[IO1AT =T(r ty) ~ T(r, ty)

(11671 Rearranging for thermal conductivity:

(T
5 lnL--zm
9 £y
(1174 = — e
4w Al
[1168] This step requires an assumption of zero convective heat losses, which will
be accurate provided measurements are taken within a linear region. There is a region where

the change in temperature T has a linear relationship to the change in In{t). This linear region
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can be ime-dependent such that there 1s a time window after the initial temperature evolution,
but prior to plateauing, where there is an approximately linear relationship between T and In(t).

1169} In some implementations, the condensation detection system uses thermal
conductivity to detect the presence and/or amount of condensation present. For example,
condensation can be detected by applying a step change in power to the heater wire 1111 and
measuring the subsequent temperature rise in the thermistor wire 1113 or the heater wire 1111
itself.

1170} Water can be detected in the bead, on the bead or somewhere else in the
tube. Water in the bead will change the thermal conductivity the most, but thermal conductivity
changes can be detected if water is anywhere in the tube.

{11714 Fig. 11B 15 an example schematic of a thermal conductivity-based
condensation detection system, which uses a heater wire 1111 as a heat source and a thermistor
wire 1113, Fig. 11B schematically illustrates a sensor cartridge 1101, a heater wire 1111, and
a thermistor wire 1113, The thermistor wire 1113 may include a bypass {shunt) diode 1117
and a thermistor 1119, which is bypassed by use of the bypass diode 1117,

(1172} In the example schematic of Fig. 11B, the sensor cartridge 1101 1s
electrically connected to both the heater wire 1111 and the thermustor wire 1113, In some
implementations, one or both the heater wire 1111 and the thermistor wire 1113 are electrically
connected to heater base or other compouents of the humidifier.

(1173} Condensation can be detected by applying a step change in power to the
heater wire 1111 and measuring the subsequent temperature rise in the thermistor wire 1113
or the heater wire 1111 itself. In some implementations, the step change in power 1s for a fixed
period of time. In some implementations, any change in the level of power may be applied
whether negative or positive.

{1174} In some mmplementations, the temperature of the thermustor wire 1113 13
measured. Here, the radius 1 between the linear heat source (heater wire 1111} and the body
measured (thermustor wire 1113) 15 small but non-zero. Due to the hinear proportional
relationship between resistance and temperature of a conductor (both the heater wire 1111 and
the thermistor wire 1113 can be conductors), teraperature can be readily inferred by measuring
wire resistance. However, it may be desirable to eliminate the contribution to resistance of the

thermistor 1119 to the measured resistance of the thermistor wire 1113 via a bypass, for



WO 2023/084492 PCT/1B2022/060952
135

example using a parallel-connected diode 1117 at a known location along the tube, for
example, adjacent to the thermistor 1119. By eliminating the resistance of the thermistor 1119,
the resistance of the wire is the dominant contributor to the resistance measured. In some
implementations, the bypass 1s proximate {o the thermistor 1119 at the patient end of the tube.

(1175} There may be a delay in the response of the temperature of the thermistor
wire 1113 to heat from the heater wire 1111. This delay in heating of the thermistor wire 1113
13 due to the need for heat to be conducied away from the heater wire 1111 to the thermistor
wire 1113 before observing heating at the thernustor wire 1113, This delay may overcome
transtent 1nconsistencies in temperature that can be observed briefly after the step change in
power on the heater wire 1111,

1176} In some implementations, the temperature of the heater wire 1111 itself 1s
measured. Although the same principles described previcusly are applicable to this
implementation, it 1s instead contemplated that the radius r {(in the temperature expression [9])
is zero. When a step change in power is applied to the heater wire 1111, the thermal
conductivity of the bead material will affect the degree of heat conduction or dissipation away
from heater wire 1111, For example, the rate of heat conduction away from the heater wire
1111, or the dissipation of heat from the heater wire 1111, changes in relation to the amount
of condensation present around the heater wire 1111. Therefore, the linear proportional
relationship between resistance and temperature may again be used to infer temperature by
measuring wire resistance. This implementation may be advantageous because it may not need
addrtional hardware components to implement a condensation-detection systen.

1177} In some implementations, the thermistor wire 1113 mav be energized and
the temperature of the heater wire 1111 measured. In some implementations, multiple wires
{for example, heater wires and/or thermistor wires) may be energized and the temperature of
one wire is measured. In some implementations, one heater wire 1111 or thermistor wire 1113
may be energized and the temperatures of multiple wires (for example, heater wires and/or
thermistor wires) s measured.

[1178] In some implementations, the heater wire 1111 and the thermistor wire 1113
are adjacent in the bead wiring arrangement. In some implementations, the heater wire 1111

and the thernmistor wire 1113 are not adjacent in the bead wiring arrangement.
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(1179} In some implementations, the step change 1s a step change m AC power to
energize the heater wire 1111, In some implementations, the step change is in DC power. In
some implementations, additional circuitry is required to applied to rectify the AC power to
DC prior to energizing the heater wire 1111, In some implementations, multiple power signals
are interleaved. For example, control power for powering circuits elecirically connecied to the
wire and the step change in power are interleaved on the wire.

(1186 In some implementations, the temperature of the thermistor wire 1113 or
the heater wire 1111 may be measured by the use of a device, for example thermocouples. In
some mmplementations, the temperature of the thermistor wire 1113 or the heater wire 1111

may be measured by other known ways of measuring the temperature of a wire.

Generally Applicable to All Methods of Condensation Detection

(1181} It 15 to be understood that although some wires may be described above as
heating, sensing, heater, or thernustor wires, these wires are able to do any combination of
such functions.

(1182} It 15 to be understood that these condensation detection systems are not
mutually exclusive. Any of the condensation detection systems, including implementations of
any of the condensation detection systerns, may be used in combination with each other, for
example to provide error-checking or redundancy. Any of the outputs of the condensation
detection systems may be weighted relative to each other. In some implementations, certain
condensation detection systems may be weighed more heavily due to increased accuracy or
precizion
Signal Generator

{1183} A signal generator can be used to generate a voltage signal. Any method of
generating a signal may be used, including a pulse from an VO pin of a controller. An exciter
module can be a signal generator. Similarly, many of the above condensation detection
methods may require multiple discrete signal generators or signal generators capable of
producing multiple discrete signals.

{1184} In some implementations, a 5V square wave signal can be generated from
the signal generator. One example signal generator is a pulse width modulated (PWM) heater

wire current that generates a controllable periodic “pulse” to heat the breathing tube. In one
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such configuration, the time constant is shorter than the PWM period so that the capacitance
fully discharges between consecutive “on” periods of the PWM signal. Alternatively, the duty
cycle of the PWM heater wire current may be selectively or periodically set to 0% for two or
more consecutive periods of the PWM heater wire current to fully discharge the capacitor
and/or 100% for two or more consecutive periods to fully charge the capacitance and allow for
measurement of the time constant as described in further detail below,
Conduit Model

1185} As discussed above, the conduit system can include an element resistance
and inherent capacitance C but the element resistance can be ignored if resistor R i
significantly larger than the element resistance.

Detection Circuitry

[1186] The detection circuitry can comprise a comparator. The comparator
compares the voltage across the resistor R with a threshold voltage. The comparator may be
configured to output a binary 1 (HIGH) if the voltage across the resistor is greater than the
threshold voltage, and a binary O (LOW) if the voltage across the resistor 15 lower than the
threshold voltage. The threshold voltage may correspond to ¢ or 36.8% of the voltage pulse
applied to the element. However, any suitable alternative threshold voltage may be used. Fig.
12 compares the comparator output for a tube that i1s “dry” and ‘wet’. As illustrated in Fig. 12,
the X axis and Y axis units have been normalized for ease of understanding, however, actual
measurements may vary.

[1187] InFig 12, “Pulse” represents the signal generator voltage - for example, SV
square wave or pulse, which has been normalized in the diagram. “Threshold” represents a
threshold voltage. The threshold voitage may be any value - for example, 36.8% of the signal
generator voltage. “VO7 and “V17 represent the voltage across the resistor R for a dry and wet
tube, respectively, and “D0” and “D17 represent the detector output accordingly.

[1188] As illustrated 1n Fig. 12, D1 corresponds to a larger time constant than DO,
The larger time constant is caused by differences m “dry” vs “wet” conditions within the tube,
which causes differences in the absolute permittivity between the elements. The capacitor C 1s
mitially discharged. That 1s, the voltage across the capacitor C, Vi, 18 OV, When the signal
generator changes from OV to +3V during the nise of the positive cycle, the capacitor acts as a

short-circuit and so the voltage across the capacitor 1s 0V, That is, the first and second terminals
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of the capacttor are both at 5V. From Vp = V,, — V. we know that the instantaneous voltage
across resistor R will therefore be the same as the signal generator cutput. The resultant current
flowing through R dictates the rate at which capacitor C then charges. As capacttor C charges
and the voltage across it increases, the voltage across the resistor R begins to decay. When the
capacitor becomes fully charged then the voltage across resistor R becomes OV, The reverse
of this occurs when the signal generator voltage changes from +3V to OV when the capacitor
discharges. In this instance the resistor will have a negative voltage across it. The point at
which the voltage crosses the threshold line again will cause the comparator output to be LOW.
Thus, a pulse can be generated which represents the time constant of the tube. The duration of
the time constant can be measured via a GPIO pin of a controller. Any other suitable method
of measuring an interval or duration, for example an interval or duration of the generated pulse,
may be used.

[1189] 1t will be appreciated that the threshold point {(alse referred to herein as a
pre-determined threshold) may be selectable by any suitable means, including by the
controller, based on any number of operational conditions including, for example and not to
be limited to, the therapy type, patient type, ambient conditions, conduit type, length, and/or
construction.

{1198} it should also be seen that multiple thresholds can be implemented such that
the controller can respond differently depending on the degree of condensate in the tube, or to
provide hysterests between detection of ‘wet” or “dry’ conditions. Additionally, the condensate
level can be detected as a continuum such that the control algorithm could have a variable
output dependent on the level of condensate and/or other inputs, rather than simply switching
mode at a predefined threshold.

Condensation Detection Process

[11914 The respiratory assistance apparatus can switch between moisture detection
and normal operational modes. When the respiratory assistance apparatus is in normal
operational mode, it conducts normal operations as described in relation to Figure 1 — 2. When
the respiratory assistance apparatus is in moisture detection mode, the respiratory assistance
apparatus uses one or more of the above described methods of detecting moisture. In some
implementations, there may be multiple moisture detection modes and/or multiple normal

operational modes, for example a primary detection mode and a secondary detection mode. An
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example primary detection mode may involve detecting the presence of condensation while an
example secondary detection may involve detecting the amount of condensation. These
multiple moisture detection modes and/or multiple normal operational modes may carry out
one or more moisture detection and/or normal operational operations.

(1192} In some implementations, the respiratory assistance apparatus switches
periodically between moisture detection and normal operational modes. In some
implementations, the respiratory assistance apparatus starts in moisture detection mode prior
1o entering normal operational mode. In some implementations, the respiratory assistance
apparatus can be manually switched between moisture detection and normal operational
modes. in some implementations, the existence of certain conditions may switch the
respiratory assistance apparatus from certain moisture detection and/or normal operational
modes to other moisture detection and/or normal operational modes.

(1193} Alternatively, the respiratory assistance apparatus can switch between
moisture detection and normal operational operations. In some implementations, moisture
detection is done in conjunciion with or in paraliel with normal operational mode. This could
mvolve interleaving normal operating modes/operations and condensation detection
modes/operations. For example, the respiratory assistance apparatus may use time-division
multiplexing to interieave normal operating modes/operations and condensation detection
modes/operations.

(1194} 1t should be known that the respiratory assistance apparatus can enter into
other modes as well. The respiratory assistance apparatus can enter into other modes which
may detect different conditions other than condensation or operate other functions of the
respiratory assistance apparatus, for example detecting water-out, reverse flow, or other
functions as described herein.

{1195} In some implementations, exiting moisture detection mode could be based
on a pre-determined pertod of time that condensation is not detected, the mesting or non-
meeting of certain thresholds, or sufficient successful tests for lack of condensation are passed.

1196} Fig. 13A illustrates a flow chart example algorithm to detect a presence of
condensate using the inherent capacitance of at least two conductive elements in the conduit.
The condensate detection may function independently of, or together with, normal operation.

For example, normal operation may pause for a period of time while condensation detection is
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being performed. In another example, condensate detection may act in conjunction with normal
operation, operating at a different frequency than normal operation.

(1197} As shown in Fig. 13A, the condensate detection mode operates by
generating a signal 1303, receiving the signal that is returned 1305 in response to the generated
signal, determining a time constant 1307, comparing the time constant to a pre-determined
threshold 1309, and determining if the time constant is above the pre-determined threshold
1311. If the time constant is above the pre-determined threshold at 1311, then the system
determines that an undesirable amount of condensate is present and condensation mitigation
strategies are implemented 1313, If at 1311, the time constant i3 not above a pre-determined
threshold, it is determined that an undesirable amount of condensate is not present in the tube
and the system switches back to normal heater wire or sensor control mode at 1315 After
implementing condensation mitigation strategies, the system switches back to normal heater
wire or sensor control mode at 1315,

{1198} Alternatively, mstead of a single pre-determined time constant threshold,
multiple thresholds can be used with varying granularity (e g., “dry,” “low,” “medium,” and
“high,” or a scale of 1-10) to quantify a condensation condition or measure an amount of
condensate. Fig. 13B illustrates a flow chart example algorithm to detect an indication of
condensation. The indication can be a relative degree of condensation (for example, low,
medium or high); a trend of condensation {for example, increasing or decreasing); an amount
of condensation (for example Smi of condensate); a percentage of the conduit or a portion of
conduit that 1s experiencing condensation; or any combination of the above.

{1199} As shown n Fig. 13B, the condensate measurement mode operates by
generating a signal 1323, recerving the signal that is returned 1325, determining a time constant
1427, determining an ndication of condensation 1329, and implementing condensation
mitigation strategies 1331,

(1200} As shown n Fig. 13C, an example condensate detection mode for
mductance-based detection which operates by measuring the resonant frequency 1341 of the
system (for example, the inductance detection system 600 of Fig. 6), measuring the resonant
frequency 1343 of the system, and determining whether the resonant frequency of the breathing
tube exceeds a first threshold or falls below a second threshold 1343, If the resonant frequency

exceeds the first threshold or falls below the second threshold at 1343, then the system
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determines that an undesirable amount of condensate 1s present and condensation mitigation
strategies are implemented 1345 (for example setting a condensation alarm). If at 1345, the
resonant frequency does not exceed the first threshold or fall below the second threshold, it is
determined that an undesirable amount of condensate is not present in the tube and the system
measures the resonant frequency 1341 again after a predetermined interval of time. After
implementing condensation mitigation strategies, the system measures the resonant frequency
1341 again after a predetermined mterval of time.

1201} As shown in Fig. 13D, an example condensate detection mode for signal
attenuation-based detection which operates by injecting a supplementary signal into a heater
wire or heater wire signal 1351, receiving the signal on a thermistor wire 1353, measuring the
magnitude of the signal received on the thermistor wire 1355, and deternmining if the magnitude
is below a threshold 1357, If the magnitude of the received signal is below the pre-determined
threshold at 1357, then the system determines that an undesirable amount of condensate is
present and condensation mutigation strategies are implemented 1359 {for example setting a
condensation alarm). If at 1357, the magnitude of the recetved signal 15 not below a pre-
determined threshold, it is determined that an undesirable amount of condensate 15 not present
in the tube and the system injects a supplementary signal into a heater wire or heater wire signal
1351 again after a predetermined interval of time. After implementing condensation mitigation
strategies, the system injects a supplementary signal into a heater wire or heater wire signal
1351 again after a predetermined mterval of time.

(1202} As shown in Fig. 13E, an example condensate detection mode for thermally-
based detection which operates by applying a step change in a heater wire power 1361,
measuring the temperature rise in the heater wire or a thermustor wire 1363, calculating the
thermal conductivity of either the heater wire or the thermistor wire 1365, and determining
whether the thermal conductivity of the heater wire or the thermistor wire 1s above a threshold
1367, If the thermal conductivity of the heater wire or the thermistor wire 18 above the pre-
determined threshold at 1367, then the system determines that an undesmable amount of
condensate is present and condensation mitigation strategies are implemented 1369 (for
example setting a condensation alarm}. If at 1367, the thermal conductivity of the heater wire
or the thermistor wire is not above a pre-determined threshold, it is determined that an

undesirable amount of condensate is not present in the tube and the sysiem applies a step
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change n the heater wire power 1361 again after a predetermined mierval of time. After
implementing condensation mitigation strategies, the system applies a step change in the heater
wire power 1361 again after a predetermined interval of time.

{1203} Note that for all methods disclosed, the condensate detection threshold may
not be a sirict magnitude threshold and may instead be a rate of change, sustained rate of
change, sustained increase or decrease in magnitude, trend, or other statistical measure
threshold. Multiple thresholds may be used — e.g. a soft threshold and a hard threshold.
Thresholds may be upper or lower thresholds, and may be used to set an allowable range for
the humidifier to operate within. Additionally, in response to the threshold being exceeded,
any alternative response may be considered, not exclusively setting an alarm, such as the
condensation mitigation strategies discussed below. For example, anditory, visual and/or
audio~visual alerts, warnings or prompts may be triggered. Even further, the trigger may be
used as feedback in a condensation mitigation strategy. Mote that for all methods disclosed, if
the method describes an upper threshold (for example, the method describes exceeding a
threshold) the method may also use a lower threshold. Likewise, if the method describes a
lower threshold (for example, the method describes faliing below a threshold) the method may
also use an upper threshold. Additionally, the predetermined intervals of time described in the
methods above can be variable based on present conditions and/or user 1nput.

[1204] Any of the methods disclosed may not have purely binary output indicating
condensation presence. Using experimentally-determined values or known relationships stored
n memory, any of the methods may be used to quantify the amount of condensation present
(e.g. 10ml, 15 mk, 20 mi, etc.). This memory can be located 1u the heater base, an external
accessory, the sensor cartridge, the conduit, or an intermediate connector.

[1205] Alternatively, the detection of condensation 1s based on a difference on the
previous and current duration of the time constant signal, not the absolute value of the duration.
An increasing time constant is indicative of increasing condensate in the tube. A decreasing
tirne constant 1s indicative of a drying tube. The time constant can also be correlated with any
mdication of condensation as discussed above. This approach has the advantage that it is
unaffected by variations in the capacitance over time or from one tube to the next, without need

for a calibration procedure as described below.
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{1286 it should be understood that there will be inherent variability in the dry
capacttance and time constant from one tube to another. Such variations may be due to different
tube configurations or, for a given tube configuration, ambient conditions, component or
manufacturing tolerances, or supplier/material changes, for example. As such, each tube can
optionally include an indicator (such as a resistor value, capacitance, resonant frequency, or
EPROM) which allows a gases supply system to identify the model of tube and/or the specific
tube, and/or provides capacitance or time constant threshold information for that particular
tube or tube model to the gases supply system. The gases supply system, for example the
humidifier, may be configured to calibrate itself for use with a connected tube. The capacitance
or time constant threshold imformation may be individually measured and programmed into an
HPROM upon manufacture of the tube, or the hunudifier or EPROM may be programmed with
a nominal value (e.g. average or typical value) appropriate for that tube model. Alternatively,
the gases supply svstem, such as the humidifier, may be programmed to perform a calibration
routine (for example, initially measuring the time constant of a dry tube) while, or before, the
humidifier warms up.

[1207] In some mplementations, the characteristic dry capacitance may uself be
used, at least in part, to wdentify a tube connected to the gases supply system. For example,
tubes designed for adult respiratory therapy may have a dry capacitance, which 1s distinet from
a dry capacitance of tubes designed for neonatal respiratory therapy. A humidifier may identify
the tube by measuring the dry capacitance and select appropriate operating parameters
accordingly. The appropriate operating parameters may be stored n a lookup table (LUT) of
the humidifier controller, for example.

Conduit Arrangements

{1208} Various arrangements can be used to improve condensation detection. The
following arrangements can be used in conjunction with the composite conduit described in
detail above, or with any other type of conduit including corrugated conduits, spiral conduits,
extruded conduits or with any other conduit known to those of skill in the art. It is to be
understood that each of the structures below can be integrated separately or combined together.
Therefore, although the below structures are described separately, the structures or aspects of

the structures can be mixed and combined together. Each of Figs. 14-25 illustrate, in cross-
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section, different implementations of the second elongate member 305 or bead 405 of the tubes
of Figs. 3A and 4A, respectively, wherein the lumen would be positioned below the illustrated
Cross-section.

{1209} Fig. 14 illustrates a portion of an internal conduit wall 1401, such as a bead
of a composite conduit, that comprises microstructures 1403 which may define one or more
microchannels. The term “microstructure” as used herein refers to structures having
dimensions of fess than about 2.3 mm, and preferably in the range of 1 to 1000 microns {pm).
it has been found that movement of liquid in a microchannel is primarily based on surface
forces, rather than inertial forces or gravitational forces, and that surface forces generally
dominate if the characteristic dimension of the microstructure 13 smaller than the capillary
length of water which, at room temperature, is about 2.3 mm. It has been found that, to promote
wicking, structures with high aspect ratios and/or high surface energy {equilibrium contact
angles less than about 7/2) are desirable. Surfactants can result in contact angles near 0°, so
wicking can take place with ease. Microstructured or nanostructured bumps within the
microchannels may act to pin the solid/liquid/vapor contact line, increase surface area, and/or
act as nucleating sites for condensation.

(1216} The diustrated microstructures 1403 wick condensate along the length of
the wall 1401 via the microchannels, distributing the condensate across a greater portion of
elements 1405 in order to improve a capacitance measurement. Alternatively, or additionally,
microstructures such as transverse microchannels may be provided on the internal surface of
the first elongate member 303 of at least a portion of a composite tube, adjacent wall 1401, to
transport bquid towards the elements 1405, A microchannel depth gradient may be used to
control movement of a liquad m a particular direction, for example, towards the elements 1408,
It has been found that liquids tend to move n the direction of the deeper channels. Gradients
can also speed up or otherwise improve the wicking of hquid. Alternatively, or additionally,
an internal surface of the first elongate member 303 and second elongate member 305 may
respectively comprise hydrophilic and hydrophobic materials or coatings to direct condensate
towards the elements 1405,

{1211} Fig. 15 illustrates a portion of an internal conduit wall 1501, such as a bead
of a composite conduit, including one or more openings 1503 {such as, for example, dips,

holes, key holes, channels or voids). These one or more openings 1503 can draw condensate
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mto the one or more openings 1503, causing a change 1n capacitance between elernents 1505,
Condensate can be drawn in by, for example, capillary action or gravity, or openings 1503 may
be filled with a permeable or absorptive matenial. A tube comprising such a bead may
optionally further comprise microstructures on the internal surface of the first elongate member
to transport condensate towards the one or more opemings 1503, This may further tmprove the
sensitivity and/or response time of the condensate detection algorithms.

[1212} Fig. 16 illustrates a portion of an internal conduit wall 1601, such as a bead
of a composite conduit, with one or more openings 1603, similar to those included in Fig. 15.
In the example of Fig. 16, a portion of the conduit wall or bead comprises a permeable region
1607, such as a vapor and/or liquid permeable region. Condensate which accumulates in the
openings 1603 may be dissipated by diffusion to the ambient environment. In this arrangement,
two of the conductive elements 1611 may comprise substantially paraliel plates or ribbon wires
to increase their capacitive coupling. A heating loop or circuit may be formed by one of
elements 1605 and one of elements 1611, and a sensing loop or circuit may be formed by the
other of each of the elements 1605, 1611. Alternatively, both elements 1605 may comprise
dedicated moisture detection elements. Capacitance may be detected between either the
elements 1605 or elements 1611

1213} Fig. 17A illustrates a portion of an internal conduit wall 1701, such as a
bead of a composite conduit such as those iHlustrated in Figs. 3B, 4A or 4B. The internal conduit
wall 1701 comprises a non-permeable material 1709 and a gap 1713 in the non-permeable
material leading to a widening permeable material 1707, The permeable material can be vapor
permeable or liquid permeable or a combination of the two. For example, an inner portion of
the permeable material 1707 can be liguid permeable while an outer portion can be only vapor
permeable. The permeable material 1707 can also be separated from ambient air by a second
non-permeable matenial. The permeable material 1707 can optionally be separated from the
non-permeable material 1709 by electrical conductors 1711, with can take the form of
conductive plates or ribbons. One conductor 1711 may form part of a heating circuit, with the
other forming part of a sensing circuit or 3 moisture detection element or circuit. The increased
surface area of the plates or ribbons increase the capacitive coupling therebetween.
Alternatively, both conductors 1711 may comprise dedicated moisture detection elements.

Elements 1705 can alternatively be comprised within the permeable material 1707. Water
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molecules can enter through the gap 1713 into the permeable material 1707, The relatively
small gap 1713 at the lumen side of the conduit ensures that refatively little water vapor, for
example humidity, is lost from the humidified breathing gases supplied to the patient. Liquid
condensate, on the other hand, may be directed towards the gap 1713 by microstructures,
openings or the bike, to enhance sensitivity of the condensate detection algorithm to
condensate. In a tube designed for use as an expiratory limb, in which drying of the expiratory
gases may be desirable, the gap 1713 may be much larger or the nonpermeable material 1709
may be onutted entirely. The electrical conductors 1711 on etther side of the permeable
material can measure or infer the capacitance or change in capacitance which corresponds to
the amount of condensation present between the electrical conductors 1711,

1214} Configurations that cause a physical change in a distance, and therefore
capacitance, between conductive elements (such as wires, filaments or plates among others
discussed herein) can alternatively or additionally be used. In such arrangements, the
capacitance may be negatively related to moisture. For example, Fig. 18 illustrates a portion
of a conduit wall 1801, for example a bead of a composite conduit, which includes substantially
paraliel elements 1811 encapsulated in non-permeable regions, a permeable region 1807, and
a hollow region 1803, Elements 1811 may each comprise dedicated moisture detection
elements, which are not electrically coupled with each other, wherein each element 1811
effectively forms one of the parallel plates of the capacitor € 503 in the model of Fig. 5. The
permeable region 1807 can be configured to change n length {e.g. swell) to physically change
the distance of the elements 1811 m dependence upon a volume of condensate present in the
tube. For example, the permeable region can have an accordion shape that
lengthens/straightens when condensate permeates the permeable region 1807, The elements
1811 can be configured to move horizontally as illustrated or vertically or at an angle. Although
this configuration is shown in a square or rectangular shape, 1t can be any shape that allows the
elements to separate in some way with condensate. Further, the length of the permeable regions
may be etther positively or negatively related to moisture (for example, swelling or contracting,
respectively, in the presence of condensate), although it is preferable that the effect upon
capacitance between the elements 1811 complements, or far exceeds, that ansing from the

change in permittivity.
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[1215] As another example, a permeable material comprised in the conduit wall
can cause a change in an angle of e¢lements. Fig. 19 illustrates such a configuration where
elements 1911 can pivot as the permeable material swells. The elements can have a pivot point
1915 and/or a retention mechanism 1917, Capacitance between elements can be measured as
the elements move closer or further apart. In a variant of the implementation of Fig. 18, the
upper {outermost) permeable region 1807 may instead be a non-permeable material and/or a
permeable material which does not change in size/shape in the presence of moisture.
Elongation (or contraction) of the lower permeable region 1807 will therefore create an angle
between the elements 1811, changing the capacitance therebetween. The non-permeable outer
material will also minimize moisture loss and undesired drying of the respiratory gases.

{1216} The swelling of the permeable material can also cause a closure or opening
of a switch-like construction for binary condensate detection. For example, Figs 20 and 21
illustrate permeable wall portions of a conduit wall that include elements 2003, 2005, 2103,
2105. These elements either open or close 1n the presence of condensate as tllustrated. When
the elemenis 2003, 2005 or 2103, 2105 touch, closing the circuit, thus acting as a switch. The
switch may be either normally open (NO), as shown in Fig. 20, or normally closed (NC), as
shown in Fig. 21. The elements 2003, 2005, 2103, 2105 may be continuous along the length
of the tube, or one or more discrete switches may be provided at particular locations along the
length of the tube.

1217} In some uuplementations, one or more Wheatstone bridge circuits with
strain gauges posttioned at one or more locations around the conduit. The one or more strain
gauges can be located along the bead and configured such that if the bead changes m shape
such as swelling or shrinking, the one or more strain gauges will create a signal through a
transducer. This signal can be sent to the controller to indicate the presence and/or amount of
condensation.

Proximity Sensitive Exterior Conduit Wall

{1218} A proximity sensitive exterior of a conduit wall can also be included as an
additional or alternative function to condensation detection. Detecting if there is bedding,
patient limb, or other foreign object in contact or proxamity with the exterior of the conduit can
act as a safety mechanism. For example, it can prevent cases where the surface temperature of

the conduit is too hot and could potentially burn the patient.
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[1219] Permittivity 15 an electromagnetic property, which contributes to the
capacitance of a capacitor and may be measured in farads per meter (F/m). Relative
permittivity is a property of the dielectric material/medium in a capacitor. The presence of skin
in close vicinity of a breathing conduit may result in changes to the relative permuttivity of 2
diglectric medium, which can be detected or measured using capacitance-based sensing
disclosed herein (for example, by measuring a time constant, a resonant frequency, a change
m a time constant, or a change in a resonant frequency of the capacitor between the two
electrically conductive elements disclosed herein). The permitiivity thresholds can be used by
a humidifier controller to determine whether there 15 presence of skin in close vicinity of the
breathing conduit. The permittivity thresholds may also be used to distinguish different objects,
such as skin versus a blanket. The detection of skin or other objects in close vicinity of the
breathing conduit may be used to limit or control the heating elements of the breathing tube
to reduce surface temperature and ensure exposed surface temperatures are safe, for example,
there may be a 44°C limut for approximately 250mm of conduit near the patient or patient-end
connector, whereas there may be a higher limit for the remainder of the tube may be for
example 48°C. In the case of a dual-zone heated breathing conduit, only the heater wire{s) of
the patient-proximate portion of the conduit may be lumited as such.

(1220} Detecting if a person (such as a patient or operator} touches the conduit wall
can be performed by having elements situated close to the outside surface of the conduit. The
elements can be configured such that dielectric properties between the elements will change in
response to skin touching the surface. Proximity of a foreign object may be distinguished from
condensation based oun a rate of change of capacitance, or by detecting capacitance between
wires adjacent the lumen and wires adjacent the exterior surface of the tube.

(1221} Fig. 22 {not to scale) illustrates an example conduit configuration n which
elements 2205 and 2203 are provided in substantially the same plane, paraliel to the surface of
the exterior conduit wall 2201, When a finger or other body part contacts the exterior surface,
the dielectric properties will change causing a measurable change in capacitance,

(12224 As another example, Fig. 17B illustrates the conduit wall portion of Fig.
17A. In Fig. 17B, additional elements 1715 are incorporated near an outer surface of the
condwit walls. A touch from a body part, such as a finger, will cause a measurable change in

capacitance.
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[1223} In some embodiments, the detection of skin contact may alse be used to

generate an alarm, alert, warning, or the like after a predetermined period of time elapses while

in contact. For example, an alarm may be raised if a contact 1s detected and lasts for longer
than one minute, 10 minutes, or any other suitable duration. Contact may not need to be
sustained, but intermittent over the duration to account for movement, signal noise, sensitivity,
etc. Triggering of alarms may be based on both the duration of contact and the expected
breathing conduit surface temperature. For example, if the conduit surface temperature is about
48°C, an alarm may be triggered after one minute of sustained or intermittent contact, whereas
if the temperature is only about 43°C, a longer duration (for example, 10 minutes) may lapse
before the alarm 1s triggered.

Switched Circuit

{1224} In some arrangements, a tube may comprise a pair of wires which may be
selectively electrically coupled with each other at a distal end of the tube. The wires may be
closed to form a heating or sensing loop or circuit, and opened so that the pair of wires
effectively form parallel plates of a capacitor.

[1225] The distal end of the tube may comprise a switch, such as a relay. The tube
may further comprise a control wire or wires to enable a humidifier to control operation of the
switch to selectively power the heating or sensing loop, or measure a capacitance between the
wires.

1226} The pair of wires may comprise an inductor selected to effectively provide
a short circutt to relatively low frequencies, but an open circuit to relatively high frequencies.
In particular, the mductor may be selected to have little, if any, effect upon a direct corrent
(DCy or low frequency {e.g. 50/60 Hz ) alternating current {AC) heater wire current, but
effectively blocks a high frequency (e.g., upwards of 1 kHz) signal which may be used to
measure a capacitance between the pair of wires. The mductor may further be used to determine
the capacitance between the wires by determining the resonant frequency of the circuit, as
described above. A resonant frequency of a dry tube may further be used to identify a particular
tube model and configure a humidifier or gases source accordingly.

Mesh conductor
[12274 An electrically conductive mesh can alternatively or additionally be used to

determine a presence of condensation. In one implementation, as iltustrated in Fig. 25, a tube
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2501 has an outer wall comprising a first (or mner) mesh 2502 and a second {(or outer), coaxial,
mesh 2503 separated by a permeable dielectric material 2504 or air gap. The tube may further
comprise a non-permeable outer layer, particularly if used as an mspiratory conduit, to prevent
excessive drying of the breathing gases. Condensate may be absorbed or diffused by the
permeable dielectric material 2504, modifying the dielectric constant and thus the capacitance
between the first and second meshes 2502, 2503. The meshes 2502, 2503 may increase the
surface area of the conduit at which condensation can be detected. Either or both of the meshes
2502, 2503 may be replaced by a conductive foil, or a braided sheath. The inner foil may be
perforated, or may comprise a helically-wound strip with a gap, to allow passage of condensate
mto the dielectric material 2504. Either or both of the meshes 2502, 2503 may optionally form
part of a heating circuit. The increased surface area of the meshes 2502, 2503, compared to a
heater wire, may provide more uniform heating and reduced condensation. Condensation may
also be confirmed or detected from a power input to the heating circuit, as evaporative cooling
of the condensate may increase a power requirement due to the larger surface area of the mesh.

Detectine Location of Condensation

{1228} A location of condensation within the conduit can also be detected. For
example, a conduit can include segmentations or zones to allow for determination of the
location of condensation. For example, the segments can run a certain length of the conduit
creating zones along the length of the conduit. As described above, a tube may comprise two
or more consecutive and independently controllable zones. The capacitance in each zone may
be checked independently. An increased capacitance in a zone towards a beginning or middie
of the tube, where it may typically drape between a humidifier and a patient, may be indicative
of mobtile condensate pooling at a low point of the tube. An increased capacitance in a zone at
the patient end of the tube, on the other hand, may be indicative of bodily fhuds within the
tube. The zones may be equal or unequal in length.

[12291 As disclosed above with respect to Fig. 20, the elements 2003, 2005 may
form a NGO switch or switches. Inthe presence of condensate, the switch closes to form a cireut.
The length of the resulting cireuit will be proportional to the distance of the detected
condensate from the humidifier, and the location of condensate may be determined from a

resistance of the resulting circuit.
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(1230} Alternatively, a plurality of conductive elements, for example, wires, could
extend different lengths down the tube to determine a general location of condensation within
the tube.

{1231} Alternatively or additionally, a circumferential location of condensate may
be determined. A conduit can be separated into sectors, such as quadrants, running a length of
the conduit {or a zone). For example, Fig. 23 shows a cross section of a conduit 2301
comprising guadrants 2309, wherein the elements 2305 are provided longitudinally, parailel to
the lumen, and equidistantly spaced about the circumference of the tube. The elements 2305
can be used to detect a presence or quantity of condensation as discussed previously herein,
The quadrants can be extruded with the conduit walls as part of the manufacturing process or
added after the conduit is constructed The guadrants can be used to determine a
circumferential location where condensation is pooling {(for example, the lower part of the
tube) by measuring a capacitance between each of the adjacent wires. Alternatively, or
additionally, the conduit may comprise a central wire 2311 suspended within the lumen, and a
capacitance between the central wire and each of the circumferential wires may be determined.
The quadrants can be combined with segments above to provide an even more accurate location
of condensation. In a variation of the tube of Fig. 23, as shown i Fig. 24 (not to scale), an
additional conductive element (for example, a mesh, ribbon or other structure) may be wound
about the outside of the conduit wall with a pitch approximately equal to the length of the tube
{(or a zone of the tube). That s, the additional element preferably makes no more than one full
turn around the tube from one end of the tube (or zone) to the other. A capacitance between
the additional wound element and each of the embedded elements 2305 may be mdependently
measured or inferred. An increase in capacitance between the additional wound element and
any one or more of the elements 2305 13 indicative of condensation at or near the pont of the
tube where the wound element crosses the respective element 2305, Although the tube of Fig,
24 comprises four embedded wires, further wires may be used for mmproved resolution.
Similarly, more than one wound wire may be used.

(12321 Similarly, in a variation of the tube of Fig. 25, individual strands of either
or both of the first and second meshes 2502, 2503 may be msulated and multiplexed. By

selectively measuring or inferring a capacitance between each of the strands extending in a
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first direction with each of those extending mn a different direction, a location or locations of
condensate may be determined.

{1233} In yet other implementations, condensation in a particular location or
locations may be determined by a tube configuration in which capacitance between conductors
is dependent on moisture, or more dependent on moisture, only at a selected location{s) along
the length of the tube. This may be achieved, for example, by varying the pitch, spacing,
surface area, shape or abignment of the conductors along the length of tube; providing a
permeable material between the conductors only at a selected location{s) along the length of
the tube; providing openings only at a selected location(s) along the length of the tube; or
providing a moisture-dependent switch at a selected location(s) along the length of the tube.
For example, it may be desirable to detect condensate at a portion of the tube which, in use,
generally drapes lowest and accumulates mobile condensate which may restrict or occlude the
lumen, or to detect bodily fluids at the portion of the tube closest the patient. In other regions
of the tube, the capacitance may be minimized or reduced to ameliorate errors i sensor
readings.

Other Methods of Moisture Detection

[1234] Alternatively or additionally to the above described moisture detection
systems and methods, a conduit can also be configured to change color or transparency
depending on a presence of moisture. For example, a conduit can be transparent when no
condensation 1s present, but becomes opaque or brightly colored in the presence of
condensation {(or vice versa). Such changes provide a visual mdication of the presence and/or
location of moisture in the conduit to the patient, nurse, or other person.

[1235] The controller of the hurmdifier can respond to the detection of moisture
(for example, condensate and/or water 1 the vapor permeable and/or liquid permeable material
in a component of the humidifier) disclosed herein. The response can include various measures
to reduce further condensation from occurring {or the Hkelithood thereof) and/or remove
existing moisture from the breathing circuit. The application of moisture detection disclosed
herein may improve the operation of a humidifier system, i terms of both humidification
performance and safety, for example, by enabling more accurate management of condensation

and/or conirol of humidity. Furthermore, the moisture detection system and methods disclosed
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heremn can additionally or alternatively be applied m enthalpy estimation, water-out detection,
zero/reverse flow detection, skin contact detection, ete.

Moisture Managcement

{1236} In Figs. 13A-13E, implementing moisture (for example, condensation)
mitigation strategies 1313, 1331, 1345, 1359, and 1369 can include reporting a presence or
mdication of condensation o an operator, reporting an amount of condensation to an operator,
reporting whether the amount of condensation is increasing or decreasing, providing a visual
guide to safely remove condensate from the conduit, providing visual or auditory alarms, or
automatically implementing operational change to the gases supply system to, for example,
reduce an absolute humidity or increase a temperature of the gases. When condensation
mitigation strategies have been successful and reduced condensation to be below an
undesirable amount, the system can report a lack of a presence or indication of condensation
to an operator, report a decreased amount of condensation to an operator, report rate of decrease
of condensation, report a decreasing trend, provide visual or auditory alarras, or automatically
implementing operational change to the gases supply system to, for example, increase an
absolute humidity or decrease a temperature of the gases. In some configurations, the system
may, based on the detection of condensation as above, query the user (via e.g., the display or
user interface) about whether they would like to change modes, take any action with respect to
the circuit, or the like, and then follow the user’s direction. Further, the system may make an
appropriate suggestion of changed settings for the user to approve or confirm.

{1237} A controller of the humidifier can be configured (for example, by
mplementing software instructions stored in memory} to change certain operating parameters
responsible for the delivery of humudity when an unacceptable volume or presence of moisture
1s detected using any of the previously described methods above. For example, the operating
parameters may be changed when the duration of the time constant of the circuit contemplated
by the capacitance-based detection method exceeds a pre-determined threshold For example,
a pre-determined threshold can be set to the duration of the fime constant corresponding to a
dry tube. When the duration of the time constant exceeds, or falls below depending on the
detection method, the pre-determined threshold due to condensation build-up, the controller
can change operating set points or parameters such as a chamber ocutlet setpoint to reduce

humidity output from the chamber. For example, power (which as used in the present
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disclosure should be understood broadly to refer to an amount of energy per umt of time and
may be supplied in accordance with a duty cvele, via pulse-width modulation, via a voltage
regulator, or the like) supplied to the heater plate of the humidifier may be reduced to reduce
the level of moisture added to the breathing gases supplied to the breathing tube and/or power
supplied to the breathing tube heating wires may be increased to prevent the temperature of
the humidified gases falling below their dew point. Once the duration of the time constant falls
below, or exceeds depending on the detection method, the pre-determined threshold value {or
after a period of time), the controller may resume normal/previous operation. The threshold
may be varied, or a different threshold used, to provide hysteresis and avoid oscillation
between operation modes.

{1238} When moisture s detected in a component of the humidifier system, the
temperature of humidified gases in the breathing conduit is approximately equal to, marginally
below, or below the dew point temperature of the gases. The component can include the
condutit or a portion thereof, a connector, an adaptor, a portion of the hunmidification chamber
that is exposed to the flow of gases, and/or the patient interface.

{1239} When moisture is detected, the controller of the humidifier can take various
measures to manage the moisture, including reducing further condensation from occurring {or
the likelithood thereof) and/or removing existing moisture from the breathing circuit. As shown
n Figure 26, when any moisture (for example, condensate and/or water in the vapor permeable
and/or lquid permeable material} 1s detected at decision block 2602, the controller of the
hunadifier can take one or more of a plurality of measures to update the operation of the
hurmidifier to manage the detected moisture. The controller can detect that a predetermined
level of moisture 1s present based on at least one sensor configured to cutput at least one sensor
signal. The at least one sensor signal can mclade any of the moisture detection sensor signals
disclosed herein, or any other suitable moisture detection sensors. Although, for some sensor
types, the at least one sensor signal may include information based on moisture and hurmidity
present in the component of the humidifier, any portion of the signal relating to the hunudity
of the gases in the component, which is orders of magnitude smaller than the portion of signal
relating to the moisture, may be filtered from the at least one signal or ignored by the controller.
The output of the at least one sensor signal may include at least one value indicative of moisture

that may comprise a value indicative of condensate and/or a value indicative water in the vapor
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permeable and/or hiquid permeable material. The sensor output may include a combination of
the condensate and water in the vapor permeable and/or liqguid permeable material. The
controller may filter and/or otherwise process the sensor output to split the output into
mdividual values for condensate and water in the vapor permeable and/or hiquid permeable
matertal. This may be based on, for example, ranges associated with the presence of each
condensate and moisture or for example other signal processing techmques. The controller may
determine that the vapor permeable and/or liquid permeable material 15 saturated when the
sensor output reaches a predetermined threshold and/or when there 15 a predetermined amount
of water present indicative of saturation of the vapor and/or hiquid permeable material. Insome
cases, the controller may determine that condensate is present when the vapor permeable
and/or liquid permeable material ts saturated. In some cases, the sensor output may be able to
determine a state of the moisture level in the tube. The state of the moisture level that can be
determined by the controller may include the vapor permeable and/or liguid permeable
material being saturated or unsaturated and/or the presence of condensate. The predetermined
level of moisture may not need to be a physical amount {for example, 20 g or otherwise). The
predetermined level of moisture can be experimentally determined based on the characteristics
of the system and the particular sensor. The predetermined level of moisture can be indicative
of a predetermuned level of condensate in the component where the at least one sensor is
located, a predetermined quantity of water in the vapor permeable and/or liquid permeable
(that may for example be breathable) material of the component, or a sum of the condensate
and the water. The controller can determine the presence of condensate in the component based
on a comparison between the at least one value mdicative of the amount of moisture present in
the component and at least one condensate threshold. The controller can further determine the
presence of a predetermined amount of water in a vapor permeable and/or Liquid permeable
material of the component of the system based on a comparison between the at least one value
mdicative of the amount of moisture present in the component and at least one water amount
threshold. Optionally the predetermined amount of water can be indicative of saturation of the
vapor and/or ligpnd permeable material.

{1240} The coniroller may continually and repeatedly evaluate for the moisture
level if the predetermined level of muoisture (also referred to as excess moisture, that is,

moisture above a predetermined level, including condensate above a threshold, and/or water
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m the vapor and/or liguid permeable matenial above a threshold) 15 determined to be absent
based on the level of moisture being above or below at least one threshold. An amount of
moisture above at least one threshold may be condensate above a predetermined level or water
in a vapor permeable and/or liquid permeable material above a predetermined level. The at
least one threshold can be any of an absolute value threshold, a value change threshold, a
percentage threshold {for example, about 80%, about 90%, about 100%, or any values in
between} of a maximum sensor output, a percentage change threshold, a percentage change
over time threshold, a gradient thresheld, and/or a crossing threshold. The crossing threshold
may relate to how the threshold may be triggered a predetermined number of times, which may
be over the duration of a predetermined time period. The maximum sensor output may be, for
example, an output indicating that the bead of a conduit s fully saturated with moisture.
Alternatively, the maximum sensor output may be based on an acceptable or safe amount of
condensate in the tube

{1241} As long as a moisture detecting/sensing system or method 1s able to at least
produce signals indicative of the presence of moisture in a breathing circuit, the moisture
detecting/sensing system and method may be implemented for various features, for example,
moisture management, humidity control, sensor substitution, water-out detection, and/or
circuit condition detection. The scope of implementable features may be dependent on the
mformation made available by the moisture detecting/sensing system and method.

1242} If the controller determines that excess moisture is present at decision block
2602, the controlier can proceed to update the operation of the humidifier to manage the excess
moisture. The updated operation can include any one or more of generating at least one
notification and/or alarm (which may be displayed on the humidifier or another device, such
as the ventilator or a central monitoring systern), changing power to the heater plate and/or the
heater wires, and/or changing a mode of the humidifier. The decision block 2602 can be
mplemented in all the example methods of managing the detected moisture, such as the
decision block 2702, 2802, 2902, 3002 of Figs. 27-30. Although the figures of example
methods of the present disclosure refer to “condensate,” the methods can be implemented with
any moisture {that is, including the condensate and the water in the vapor permeable and/or
liquid permeable material of the humidifier system) detected using the system and methods

disclosed herein.
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[1243] Such moeisture management methods can include, but are not himited to,
reducing a humidity of the flow of gases 2604, The humidity may be a dew point of the flow
of gases 2604, absolute humidity target of the flow of gases 2604, or relative humidity target
of the flow of gases 2606 (each of which may likewise be approximated by a temperature
value}. The moisture management methods can actively drive moisture into the ambient air via
a vapor permeable and/or liquid permeable material (for example, in the bead of a conduit or
otherwise as disclosed herein) 2608, and actively drain condensate in the breathing circuit
2610. Active inducing of condensate may be part of a moisture management response or part
of detecting a humidity of the flow of gases. The controller can also alternatively or
additionally communicate with an external device to reduce moisture in the humidifier system.
The humaidifier controller may tmplement one or more of the moisture management methods
disclosed herein in response to detecting excess moisture in the decision block 2602, These
moisture management methods can be executed in any order and/or combination,
independently and/or simultaneously. For example, upon detection of excess moisture, the
controller may first activate a condensate draining valve as a preliminary response, with the
aim to tnmediately reduce the volume of condensate. Following active draining, the controller
may execute the remaining methods disclosed heremn (for example, in parallel) to further
eliminate the remaining moisture and/ prevent or reduce further formation of condensate. For
example, the heater wire power may be controlled first, following the activation of a drain
valve, to cause any residual moisture to be moved to the atmosphere, before turning to control
measures that are more directed towards prevention of condensate formation. In other example
configurations, certain steps may be included, omitted, or ordered such that a different mousture
management response 1s achieved. Additional details of each of these methods will be
described below, ncluding descriptions with reference to Figs. 27-30.

{1244} After implementing the moisture management methods or responses
disclosed herein, the controller can evaloate whether excess moisture 13 still present at decision
blocks 2612, 2614, 2616, 2618, by using the same or similar threshold as applied at decision
block 2602. The controller can determine that excess moisture i1s no longer present in the
component in response to detecting an absence of moisture or a small amount of moisture
present in the component. The small amount of moisture may include an acceptable mount of

condensate for the particular system (that is, for example the humidifier, tube set and/or
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ventilator configuration}, which may vary depending on the type of components in the system,
therapy mode enabled, and the location of the moisture within the conduit. The small amount
may be, for example, about 5 mL. The controller may have the ability to detect between non-
mobile and mobile condensate, which may be based on sensor structure, sensor output filtering
and/or signal processing, or at least one threshold or threshold range. The controller may have
a further response when detecting mobile condensate and may further change at least one
operating parameter of the conduit or the humidifier or add more than one response together.
If excess moisture is no longer present, the controller can exit the process. By exiting the
process, the controller can return to the normal operation (that is, operation without
reduced/limited/disabled coperating parameter limits introduced in response to moisture
detection at decision block 2602) and/or revert to an original operating parameter of the
humidifier (that 15, before the controller proceeded to the decision block 2602). Alternatively,
after exiting the process, the controller can repeat the same or another moisture detection
Process.

1245} The moisture management responses disclosed herein may control the
system to better control moisture in the system. Moisture managentent responses may ensure
that moisture n the component does not further increase (for example to ensure that further
condensate does not form). Moisture management may also allow for the condensate to re-
evaporate. This may allow for the conduit to dry, for example via a drving strategy further
described below.

Absolute Humidity Reduction

(1246} Figs. 26-27 illustrate example methods 2604 of a humidifier controller
updating operation of the humidifier to remove moisture and/or prevent further moisture from
occurring in response to detection of moisture, by reducing the amount of humudity {that 13,
absolute humidity} imparted fo the gases flowing through the hunmidification chamber. As
shown in the method 2604 of Fig. 26, the controller can reduce the absolute homudity target of
the flow of gases. The reduction of the absolute humidity can lower the chamber outlet dew
point temperature, which may provide more buffer between the dew point temperature and the
temperature of the gases. (Gases having a lower absolute humidity but heated to the same

temperature may be able to sustain more cooling before condensation begins to occur.
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(1247} As shown in Fig. 27, the controller can reduce the absolute humidity target
at step 2704 by decreasing the output of the heater plate. The decrease of the heater plate output
can be achieved by the controller changing at least one of the following operating parameters
of the heater plate: reducing set point(s} (for example, the chamber outlet or heater plate
temperature set-point), and/or reducing power to the heater plate or limiting {or even disabling)
the power to the heater plate. For example, by reducing the humidity target, for example a
chamber outlet dew point set point can be reduced from about 37°C to about 36°C, about 35°C,
about 34°C, etc.

{1248} The controller can maintain the changed operating parameter{(s) of the
heater plate from step 2704 for a predefined time using a timer at step 2706. Afier the
predefined time, the controller can reevaluate at decision block 2708 whether excess moisture
is present as described above with reference to decision block 2612, If excess moisture is still
present, the controller can return to step 2704. I excess moisture is no longer present, the
controller can exit the process 2604, By exiting the process 2604, the controller can returmn to
the normal operation and/or revert to the original absolute humidity target of the flow of gases.

Relative Humidity Reduction

{12491 Figs. 26 and 28 illustrate an example method 2606 of the humidifier
controller updating operation of the humidifier to remove mosture and/or prevent further
condensation from occurring in response to detection of moisture, by reducing the relative
humidity of the gases. The amount of water vapor or humidity with respect to the total water
carrying capacity of the gases is relative humudity ("RH”). Decreasing the relative humidity of
gases may provide additional buffer for cooling to occur before water vapor condenses out of
the flow of gases. Furthermore, decreasing the relative humidity would resuit in the gases being
less saturated. Therefore, for a given humidity, when the gases cool {for example, dueto a cold
draught}, there may be a wider tolerance for the gases to cool before condensing,

[1250] The hunudifier controller can reduce the relative humudity target by
changing one or more operating parameters of the heater plate of the humidifier and/or the at
least one heater wire of the conduit {for example, the inspiratory conduit. ). As shown in the
method 2606 of Fig. 26 and Fig. 28 at step 2804, the controller can increase the operating
parameter{s) of the heater wire, for example, the heater wire power or duty cycle and/or the

patient-end temperature set point, to heat up the gases, which may raise the vapor-carrying
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capacity of the flow of gases, assuming a constant absolute humidity, thereby reducing the
relative humidity target. At step 2804, the humidifier controller can additionally or
alternatively decrease or Hmit the operating parameter of the heater plate, for example, the
heater plate temperature set point and/or power to the heater plate. Alternatively, in addition
to the heater wire conirol changes, the heater plate may be disabled for a transitory period of
time based on a timer, as further discussed below.

(1251} The controller can maintain the changed operating parameter(s} of the
heater plate and/or heater wire at step 2804 for a predefined time using a tumer at step 2806.
After the predefined time, the controller can reevaluate at decision block 2808 whether excess
moisture is present at decision block 2802 as described above with reference to decision block
2614, It excess moisture is still present, the controller can return to step 2804. If excess
moisture is no longer present, the controller can exit the process 2606, By exiting the process
2606, the controller can return to the normal operation and/or revert to the original relative
humidity target of the flow of gases.

[12521 The reduction of the relative humidity target can be implemented in a
neonatal multi-zone breathing circuit used with an incubator to reduce formation of
condensation in the breathing circuit. In such a humidifier system (which can include a zone-
heating function as disclosed herein), a first segment of the mspiratory conduit 1s external to
the incubator, which can be exposed to the ambient environment and a second segment of the
mspiratory conduit 1s inside the incubator. For example, a conduit capable of multi-zone
heating that is disclosed herein and in WO 2014/077706 Al (the disclosure of which is
mcorporated herein by reference) can be used. Simularly, the first and second segments of the
conduit may be capable of being heated independently or differently. The environment of the
mcubator may be warmer than the ambient environment. Therefore, the likelihood for the flow
of gases to cool and condense within the second segment of the conduit may be lower. It may
be difficult to determune the temperature of the flow of gases in the two environments,
particularty when the conduit only has a patient-end sensor. Additionally, a chamber outlet
sensor may only allow measurement of the gases at the beginning of the conduit and not at the
location of the conduit just prior to the incubator. By reducing the relative humidity target, the
controller may more accurately heat the conduit to reduce or prevent condensation. If moisture

is detected in the first segment of the conduil using the moisture detection systems and methods
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disclosed herein, the controller can increase power to the heater wires in the first segment
without changing power to the heater wires in the second segment. This may be beneficial
because the power to the second segment may be unaftecied and may not be heated excessively
in response to detection of moisiure in the first segment, which may result in a more accurate
control of the temperature of the gases at the patient end.

{1253 Furthermore, this reduction of the relative humidity target may also be
applicable to multi-zone adult breathing circuits, for example, where a blanket 1s
unintentionally placed over a portion of the inspiratory conduit. If at least one temperature
sensor at locations in the conduit (for example, at the patient-end) read higher than 10 2 normal
operation, heating of the gases by the heater wire(s) may be reduced, and condensation may
occur. When this occurs, the portion of the breathing circuit where the temperature sensor reads
a higher temperature may have the power reduced rather than reducing power to all the heater
WITES.

Drying Strategies

(12541 As described above, the conduit of the breathing circuit can include a vapor
permeable and/or hiquid permeable matenial. This vapor and/or liquid permeable matenial can
be part of the wall of a component, for example, a conduit. An example of this permeable
material s shown in Fig. 4B. The bead 405 of the inspiratory conduit in Fig. 4B can include
the vapor permeable and/or liquid permeable material. Alternatively or additionally, other
components of the humidifier system (for example, connectors, adaptors, and/or the patient
mnterface or a patient interfacing connecting tube), or other components of the tube (such as the
hollow elongate member) may include a vapor permeable and/or liquid permeable material.

[1255] Using the bead 405 as an example, the humidifier controlier can first remove
the moisture in the condutt by allowing or driving the vapor permeable and/or hquid permeable
material to be saturated with water, and then powering the heater wires of the condust to cause
movement of the water from the bead 405 into the atmosphere {for example by evaporation or
by solution-diffusion).

[1256] Figs. 26 and 29 illustrate example methods of conduit drying strategies as
an example of a moisture management response. The controller may control one or more
heaters to control drying of the conduit (that is, removing condensate and/or removing moisture

in the component and/or the vapor and/or liquid permeable material). These strategies can
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merease a drying rate of the component and/or the vapor permeable and/or liquid permeable
material via for example evaporation or solution-diffusion fo the atmosphere to remove
maoisture from the component via the vapor permeable and/or liquid permeable material. The
drying rate is the rate at which moisture {for example condensate and/or moisture in the vapor
and/or liquid permeable material} can be transferred from the component across the vapor
permeable and/or liquid permeable material to atmosphere, and/or from the vapor permeable
and/or liquid permeable material to atmosphere. Upon detecting excess moisture (for example
condensate present} at decision block 2902, the humidifier controlier may decrease the heater
wire duty cycle or power at step 2904. For example, the heater wire duty cycle can be reduced
to any value between about 0-10W or heater wire power density can be reduced to about 3.0
W/m to about 7.0 W/m.

{1257} The controller can then monitor moisture (for example via a value indicative
of the amount of moisture present in the component based at least in part on the at least one
sensor signal — 1.e. a capacitance) until it reaches a predetermined threshold. For example, the
threshold may be a percentage threshold with value ranging between and including about 80%

and about 100%, or above about 50% or above about 60%, or above about 70% of a

predetermuned maximum value which indicates the vapor permeable and/or liquid permeable
material {for example the bead) 1s fully saturated with moisture. The predetermined threshold
may be associated with a predetermined moisture saturation of the vapor and/or hqud
permeable material In some cases, the controller may control the heating operating parameter
based on the capacitance to control the drying rate. The drying rate may relate to the transfer
rate of water through the vapor permeable material and/or the evaporation rate of water through
the liquid permeable material. For example, the controller may control the heater wire
operating parameter to reach a sensor output {or for example a value indicative of moisture},
which may correspond to a drying rate. When an amount of moisture 1s detected above a
predetermined level, the controller may vary at least one operating parameter in an atternpt to
dry out the component. Such varying may mclude increasing and decreasing at least one
operating parameter repeated or periodically, or varying the amplitude of the at least one
operating parameter over time, and/or varying the frequency of increasing and decreasing the
at least one operating parameter. As shown in Fig. 26, the controller can run a timer for a

predefined time after step 2904 and assume the threshold has been reached. Additionally or
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alternatively, as shown in Fig. 29, the controller can determine whether capacitance and/or
moisture of the bead and/or circuit is greater than a predetermined threshold at decision block
2906 after step 2904, The controller can implement decision block 2906 continuously or
mtermittently after step 2904, If the capacitance and/or moisture of the bead and/or circuit is
not greater than the predetermined threshold, the controller may return to step 2904 to further
reduce and/or maintain at least one operating parameter.

1258} If the controller determines that capacitance and/or moisture of the bead
and/or circuit is greater than a predetermined threshold {and/or if the predefined time has
lapsed), at step 2908, the controller may increase the at least one operating parameter, for
example, the heater wire duty or power. The heater wire operating parameter, for example
heater wire power or duty cycle, may be increased such that the power provided is
approximately 15-20W or higher or the power density to the heater wires may be increased to
about 10 W/m to about 14 W/m, to drive moisture out of the vapor permeable and/or liquid
permeable matertal and into the ambient environment around the conduit. The controller can
run a timer for a predefined time after step 2908 and assume that the vapor permeable and/or
liquid permeable material has dried to a dryness threshold. The dryness threshold may be when
the capacitance has fallen below about S0%, or about 40% or about 30% about 20%, or about
15%, or lower, or otherwise. Additionally or alternatively, as shown in Fig. 29, the controller
can determine whether capacitance and/or moisture of the vapor permeable and/or hquid
permeable material and/or circuit 13 lower than a dryness threshold at decision block 2910, The
controller can implement decision block 2910 continuously or internuttently after step 2908,
If the capacitance and/or mosture of the vapor permeable and/or hiquid permeable matenal
and/or circuit 15 not lower than the dryness threshold, the controller may return to step 2908 to
further 1ncrease the heater wire duty cycle or power and/or maintain the increased heater wire
duty cycle or power for a longer period of time. The controller may repeat this process or any
equivalent process variant multiple times, until the detected quantity of moisture {or an
ndicator thereof) ts acceptable or falls below the dryness threshold. The dryness threshold may
not be limited to the examples provided, but a level that may be determined to be acceptable
for patient safety.

12591 If the controller determines that the detected quantity of moisture in the

vapor permeable and/or liquid permeable material and/or circuit is lower than the drvness
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threshold, the controller can reevaluate at decision block 2912 whether excess moisture 1S
present in the humidifier system (that is, condensate within a component of the system and/or
water within the within the vapor permeable and/or liquid permeable material) at decision
block 2902 as described above with reference to decision block 2616, such as by comparing
the level of moisture detected with a threshold. For example, the threshold may be a percentage
threshold, for example, 0%, 15%, or 20% or any values 1n between. If excess moisiure is still
present, the controller can return to step 2904, If excess moisture 15 no longer present, the
controller can exit the process 2608. By exiting the process 2608, the controller can return to
the normal operation and/or revert to the original operating parameter(s) of the heater wire.

1268} In some embodiments, the moisture in the vapor permeable and/or hiquid
permeable material may not reach saturation at decision block 2906 even after a period of time.
This may indicate that there is no more excess motsture and normal operation may resume, or
the condensation management measure may be exited. Furthermore, the capacitance thresholds
may not be based on absolute values such as a percentage of known maximum capacity. The
capacitance thresholds may be relative gradient thresholds. That is, the controlier may identify
a rate of change of capacitance to determune whether the vapor permeable and/or liquid
permeable material is saturated or dry. For example, the controller may determine that a bead
is saturated when a plateau or roll-off in capacitance or a value indicative of the amount of
moisture 13 identified, as the bead will no longer be able to absorb more water and capacitance
remains steady as a result.

{1261} Such methods of determining when to increase or decrease the heater wire
power may be universal across different conduit models disclosed herein and/or eliminate error
due to, for example manufacturing inconsistencies. Prior to running the humadification
operation with a breathing tube, the controller may execute a self-calibration process where
the controller checks one or more parameters {for example, at least the capacitance) to ascertain
a set of “baseline” parameter values. The self-calibration process may optionally nvolve
human interaction. For example, if anomalous parameter values are identified, a manual check
may be requested by the controller.

Automatic Condensate Draining

1262} The humidifier system disclosed herein may further include a moistare

draining assembly that can collect condensate and/or transport condensate back towards the
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hurmdification chamber. The moisture draining assembly can include a water trap that can
collect the condensate formed in the humidifier system {for example, in the breathing circuit).
The assembly can further include one or more controlable valves positioned at various
locations in the breathing circuit. The assembly can be in communication with the humidifier
controller, which can selectively activate the valve(s) to drain off condensation to one or more
water traps or other suitable collection devices in response to detecting a threshold quantity of
moisture. This threshold may or may not be the same as the threshold for the other moisture
management measures disclosed herein.

(1263} For an inspiratory conduit, the water trap may be positioned at a location
anywhere along the inspiratory conduit. Furthermore, in some embodiments, multiple water
traps may be used. The location may be approximately one quarter of the distance between the
humidifier outlet and the patient, where the moisture tends to pool {for example, due to sagging
of the conduit}, or the physically coolest point of the inspiratory portion of the breathing circuit
in conventional clinical arrangements (and thus where moisture tend to accumulate). The
location may also generally be cooler than downstream locations as the gases flow is heated
by the breathing conduit as it travels.

{1264} For an expiratory conduit, the water trap may be positioned proximate to
the ventilator {or other gases source), or approximately three-quarters of the distance between
the patient and the ventilator.

{1265} Moisture, for example in the form of condensate, can be conveyed back to
the humudification chamber. This may be directly from the conduit itself or via the water trap.
The moisture draiming assembly can include a moisture conveying assembly that can convey
the collected moisture back to the chamber. The moisture conveying assembly can include 3
conveying conduit and/or a pump. For example, a peristaltic pump may be used to convey the
moisture. Additionally, and/or alternatively, the peristaltic pump can be operated in reverse to
purnp moisture back mto the conduit to increase the absolute humidity of the flow of gases.
For example, the peristaltic pump can pump collected condensate to an ultrasonic vaporizer
which may vaporize the condensate into airborne droplets. This may reduce the amount of
condensate in the conduit and also further increase the absolute humidity of the gases.

1266} Figs. 26 and 30 illustrate an example method for automatic condensate

draining. In response to detecting excess moisture in decision block 2602, 3002, the controller
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may activate one or more condensate draining valves at step 3004. The controller can maintain
the valve(s) in the open position for a predefined time using a timer at step 3006, After the
predefined time, the controller can reevaluate at decision block 2618, 3008 whether excess
moisture is present as described above with reference to decision block 2618, If excess
moisture 1s still present, the coniroller can return to step 3004, If excess moisture is no longer
present, the controller can exit the process 2610. By exiting the process 2610, the controller
can close the one or more valves.

Chamber Overflow Detection

(12671 The controller can alternatively or additionally use the moisture detection
disclosed herein to detect chamber overflow. Overflow of water from the chamber to the
breathing circuit, for example, the inspiratory conduit, may occur due to excessive filing of the
chamber, or tilting of the chamber during, for example, transport within a hospital. The water
that overflows into the inspiratory conduit can be detected by any of the moisture detection
systems and methods described herein. In some embodiments, additionally or alternatively,
moisture sensing may be performed at or near the chamber end of a dry line or gases supply
line conduit that s positioned between the gases source and the humidifier, or the chamber
mlet itself, which may detect overflow into the dry line conduit. The component in which the
at least one moisture detection sensor is located may be located near an outlet of the
hunudification chamber. The humidifier controller can determine a chamber overflow event
based on a comparison between at least one threshold and the at least one value indicative of
the amount of moisture present 1n the component. The at least one threshold associated with
the chamber overflow event i3 higher than a threshold associated with the moisture
management methods described above. For example, the controller can detect the change ina
vartable mdicative of amount of moisture. In this application, the controller may detect sharp
changes i the gradient of a measured capacitance, which can be indicative of a sudden increase
i the amount of water in the inspiratory conduit. Alternatively, the controller can detect an
overflow condition based on a consistent/steady high level of measured capacitance.
Alternatively, if the controller is adapted to receive information relating to the location{s) of
moisture accumulation, the controller may identify an overflow condition on the basis of a
proportionally higher measured capacitance at a location proximate to the humidifier compared

o a location further along the gases flow path, for example, along the conduit.
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[1268] Additionaily, and/or alternatively, the controller may generate a notification
or alarm (for example, audio and/or visual) of the excess moisture and/or overflow condition.
The notification or alarm can be raised by the humidifier, and/or output to a connected
ventilator, a central monitoring system, remote device, or any other sutable device in
communication with the humidifier,

Humidivy Control

1269} Using moisture detection disclosed herein, humidity control may be
improved by the controller determining (which can include estimating) a humidity of the flow
of gases. The controller can filter the at least one moisture detection signal or signal process to
extract a component relating to the humidity component of the signal. The humidity may be a
relatrve humidity, absolute humidity, or dew point. The controller can control the heater of the
humidifier and/or conduit based on the humidity to control a target humidity (for example via
closed loop control}.

(1276} When moisture 1s detected, a hummdity sensing algorithm of the controller
may assume the gases to be at 100% relative hunudity at a known absolute humidity, or use a
different control mechanism for controlling humidity. Alternatively or additionally, the
controller can determine the dew pomnt based on detection of moisture and the patient end
temperature {or other gases temperature in the conduit) actively or passively.

[1271] The humudity of the flow of gases can be more finely controlled using
moisture detection disclosed herein for humidity control. The controlier can control hurmidity
based on the humudity of the flow of gases, and/or simphify humidity control when the hunudity
of the flow of gases can be determined or estimated. For example, the amount of humudity that
may need to be added by the humidification liquid can be more accurately determined and the
heater plate power can be controlied more precisely to maximize humdification without
exceeding 100% relative humidity using the determined or estimated dew point. In another
example, power to the heater wires of the breathing conduit can be more precisely controlled
to keep the gases temperature above the determined or estimated dew point, thereby preventing
condensation from forming,

{1272} Condensation may form when the following equality is true. Gas
Temperature = Dew Point Temperature (at 100% relative humidity). The controller may be

able to assume that the gases temperature 15 above the dew point if no moisture 15 detected and
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control the operation of the humidifier based on this determination. The humidifier controller
can test the above equality passively or actively. For example, the controller can wait for
condensation to form (passive), or the controller can actively induce condensation to occur
{active} to determine or estimate the dew point temperature. A passive approach may include
periodically polling or otherwise checking a moisture detection module of the controller, while
the active approach may include transiently lowering power to the heater wire to drop the gases
temperature by a small amount that is sufficient to mduce the gas-liquid state change for
condensate to form. The patient-end temperature, or gases temperature in general, may be
monitored concurrently.

1273} Fig. 31A illustrates an example passive method of determining or
estimating the dew point temperature of the flow of gases. The controller can determine
whether a predeternuned level of moisture 1s present at decision block 3102 using any of the
moisture detection systems or methods disclosed herein. After the humidifier determines that
a predetermuned level of moisture is present at decision block 3102, the controlier can obtain
readings from the patient-end temperature sensor 3104 at step 3104. The controller can then
determine or estimate the dew point temperature of the flow of gases at step 3106, The
determined or estimated dew point temperature may be the reading from the patient-end
temperature sensor. The controller can wait for a period of time using a timer at step 3108
before restarting the passive method by returmung to step 3102,

(1274} Fig. 31B illustrates an example active method of determining or estimating
the dew point temperature of the flow of gases. The method in Fig. 31B wmcludes all the steps
of the passive method in Fig. 31A in addition to that the controller 1s configured to lower the
heater wire duty cyele or power or the patient-end temperature set point at siep 3100 before
decision block 3102, This step can induce formation of condensate. For example, the patient-
end temperature set point can be reduced from about 37°C to about 36°C, about 35°C, about
34°C, etc. The controller can revert to the original heater wire duty cycle or power or the
patient-end temperature set point {that s, the operating parameter values prior to implementing
the method in Fig. 31B) at step 3103, as soon as moisture is detected at decision block 3102
The temperature reading from the patient-end temperature sensor 1s read concurrently with
moisture detection, which may allow for a specific temperature to be correlated to the point at

which condensate begins to form.
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(1275} Two further applications of humidity sensing, gases source or room-
entrained air detection and humidity detection with the vapor permeable and/or hquid
permeable materials will be described in greater detail below.

Gases Source / Room-entrained Air Detection

[1276] Unlike dry air from a compressed gases source (for example, a bottle or wall
source), ambtient or “room” air has an mirinsic level of humidity. The humidifier may operate
at a selected power level which would not be expected to result in condensation if the gases
source is a bottle or wall source, but would result in condensation if the gases source is a room
air entraining ventilator. The humidifier may not have a humidity sensor to measure the
humidity of the room air before the humidifier begins warming the humudifying hiquid
contained by the humidification chamber. When a room-entraiming ventilator {for example, a
ventilator that entrains room air) is used with the humidifier, the humidifier does not know the
incoming humidity and may add an excessive amount of absolute humidity/moisture to the
flow of gases flowing through the chamber. The excess amount of moisture added to the flow
of gases can increase condensate formation in the inspiratory tube.

(1277} The mossture detection of the present disclosure can be used to detect
whether a bottle or wall source, or room air entraining gases source 1s used with the humudifier,
For example, humidity of the ambient air can be estimated from a capacitance between
conductors before the humidifier begins warming the humidifving liquid contained by the
humidification chamber. Alernatively, the humidifier may 1mtially operate for a
predeternuned period at a selected power level which would not be expected to result in
condensation if the gases source 1s a bottle or wall source, but would result in condensation if
the gases source 15 a room air entraining ventilator. The type of gases source may be determined
by measuring the capacitance between conductors wm the inspiratory tube after the
predetermuned period.

[1278] Furthermore, based on detection of the gases source, humidity control may
change. In normal control, the controller may control to a target humidity, for example a
particular dew point of 37°C dew point temperature. The controller may assume that incoming
cases have no humudity. The controller may also set the patient-end temperature at a
temperature above the dew point {for example, 40°C, which may be 3°C above the dew point).

If condensation occurs under these circumstances, then the target humidity may be too high
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because incoming gases may have humidity present and the gases sources may be a room
entraining ventilator. If the gases source is a room entraining ventilator, the controller may
execute a control based on the chamber outlet set point as the controller may assume that the
chamber outlet setpoint is equal to the dew point, assuming 100% relative humudity. The
controller may then also apply a chamber outlet temperature limit for example 40°C, 42°C or
44°C. If the gases are dry, the controller can execute the normal humidity control (le
controlling to a specific dew point).

1279} To provide a suitable level of humidification, the controller can vary the
chamber outlet temperature to a desired dew point temperature depending on the chamber inlet
temperature. For example, if the temperature of the gases flow at the chamber inlet 1s measured
to be 37°C, the controller can control the chamber outlet temperature to be at least 37°C or
higher to sufficiently humidify the gases. As noted above, the temperature of the gases equals
the dew point when moisture 15 detected. Using this information, it may be assumed that it 1s
safe to control the patient-end temperature to (for example) 37°C to maintain the same,
sufficient level of humidity.

Vapor Permeable and/or Ligiuid Permeable Conduit

12801 Adduionally or alternatively, detection or sensing of hurmdity, relative or
absolute, can be used to control the breathability of the bead {or any other component including
the vapor permeable and/or liguid permeable matenial) to remove moisture, for example, by
changing the operating parameters of the heater wire as described above with reference to Figs.
26 and 29. For example, the capacitance-based moisture detection systems and methods {or
any other moisture detection systems and methods disclosed herein) rmway be tuned to detect
humidity (in addition or alternatively to detecting moisture),

[1281} As described above, the magnitude of capacitance or changes thereof (that
15, the threshold) are multiple orders greater for moisture detection when compared to hurmudity
sensing. The humidifier system may mnclude multiple filters to select or reject frequency
components (for example, RC, RL, LC, or RLC, or other circuits including 2 combination of
passive and/or active energy-storing components) that could be selectively connected to
capacitive sensing hardware, each tuned for the purpose of sensing moisture or gases humidity
respectively. One or more controllable switches can switch these circuits on or off as needed.

The filters, for example, tuning circuits, may be implemented digitally in software.
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[1282} As described above, one factor for some vapor permeable materials in
determining water transfer rate across the material is at least a function of the relative humidity
(“RH”) gradient between the environments inside and cutside of the conduit. Water tends to
move from areas with higher RH to lower RH. Therefore, the humidity sensing hardware and
the controtler can be used to ensure that the RH inside, and along, the conduit 1s always higher
than the outside so that water moves in the direction from inside the conduit to outside the
condwit. Using the dew point temperature determination or estimation disclosed herein, the
controller can maintain or conirol this RH gradient along the length of the conduit to maintain
or control breathability along the condwit. For example, the heater wires can be powered to
maintain a baseline RH of the gases that can be above an assumed RH level of the atmosphere
based on humidity sensing disclosed herein.

Sensor Substitution/Additional Feedback

{1283} Additionally or alternatively, the controller can use moisture sensing and/or
hurmidity detection disclosed herein to obtain other information which might not otherwise be
available without particular sensors. The ability to obtain such information can reduce the
nurober of sensors needed to effectively control gases delivery, which may provide cost-saving
benefits and reduced system complexity.

Enthalpy Estimation

{1284} Enthalpy, such as specific enthalpy, 1s a function of the dew point
temperature. Latent heat, which is the more significant contributor of enthalpy than dry heat
(that s, based on the temperature of the gases), can be calculated or mferred from the dew
poiut temperature, for example, obtained from step 3106 i Figs. 31A-31B. The dew point
temperature can be calculated or estimated by implementing the hunmudity sensing process
described above, for example, with reference to Figs. 31A-31B. In one example, the enthalpy
can be estimated using the following equation:

specific humidity of a gas = (Mu/Mar{Peal Ta)/(P-Psud Ta))
where My 1s the molecular weight of water vapor, My 15 the molecular weight of dry air,
Po{Tq) is the saturation vapor pressure at dew point, and P is the atmospheric pressure (assume
101.325 kPa). Pa(Tq) can be calculated using the equation Peu(Tq) = (611.21)x eN(18.678-
T/234 5)(T/{T+257.154))), where T is the temperature of the gases i °C.
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[1285] The controller can determine estimated enthalpy based on the determined
or estimated dew pomt and control the dew point temperature target to reduce enthalpy
delivered to the user if needed. This enthalpy estimation may be used in the heating element
{the heater plate and/or heater wires} control system(s) of the humidifier controller to ensure
enthalpy exceeding one or more safety limits is not delivered to the patient in normal use
scenarios. Examples of the safety hmits can include the standards-defined safety limits.
Additionally, or aliernatively, the enthalpy estimation can be coupled with additional or
existing sensors {for example, temperature and/or flow rate sensors} to create a more robust

functicnal safety system for single-fault scenarios.

Feedback Control for Circuits without Patient-end Sensor(s)

[1286] For circuits without a patient-end sensor (for example, a temperature
sensor), there may not be information relating to the gases delivered at the patient end avatlable
to the coniroller. However, the controller may determine the required heater wire duty
cycle/power based on muliiple factors. These factors may include flow rate, target patient-end
temperature, chamber outlet temperature, and/or difference between the target patient-end
termperature and chamber outlet temperature. By erploying appropriate moisture detection
technologies disclosed herein, an mput signal may be made available to the controller.

1287} Depending on the implementation, the input signal may include information
relating to one or more of: presence of moisture (for example, above a threshold), moisture
quantity/volume, and locations where moisture is present {as disclosed herein).

1288} In one example, when moisture (for example, condensate) is detected, the
heater wire power can be increased to reduce moisture. This power adjustment can be wound
down when the quantity of moisture detected falls below a threshold. The threshold may also
gradually wind down based on a computed or pre-determined rate such that the humidifier
system ensures a sofficient quantity of moisture would evaporate or be according to one or
more of the moisture management measures disclosed herein,

Inspiratory Tube Heating Element Power Control Without Reguiring
Patient End Sensor Input

[1289] Insome examples, a sensor at a patient end may not be required if the system

can detect moisture {for example, condensate) has formed in the inspiratory tube because the
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detection of moisture 1s a measure of the condition of gas. This may be beneficial in situations
where it may be undesirable to use a sensor at the patient end. These situations may include
scenarios where the sensor may be affected by the environment it is m. For example, a
temperature sensor at a patient end may be affecied by its placement in an incubator, thus
causing a reduction in heating to the inspiratory tube. This reduction in heating to the
mspiratory tube can lead to condensation forming, which may be undesirable.  Another
example reason o not have a patient-end temperature sensor would be to reduce the cost of the
conduit, which would be beneficial so long as patient safety and good performance of the
system could still be controlled.

{1298} Fig. 45 illustrates a process or method to control power to a heating element
of the inspiratory tube {e.g., a heater wire} in response to detection of moisture. The method
can mvolve providing a maximum heater wire power. Once moisture {for example,
condensate} 13 no longer detected, or the presence of moisture (for example, condensate} has
fallen below a predetermined threshold, normal control may be resumed. As shown in Fig. 45,
at block 4510, a controller of the humidifier system may set a heater plate set point (for
example, a temperature set point). At block 4520, the controller may deternmune whether
moisture (for example, condensate) is detected. This determination may include the controlier
measuring a condensate metric. This determination may further include the controller
determining whether the measured condensate metric satisfies an expected condensate metric
(for example, by being greater or below a predetermined threshold or threshold range). This
determination can be made without input from a sensor at a patient end or at the outlet of the
chamber of the humidification system. The measured condensate metric may not satisfy the
expected condensate metric if the measured condensate metric 13 greater than a predetermined
threshold or threshold range. If the controller detects moisture (for example, when the
measured condensate metric 15 greater than the predetermuned threshold), at block 4530, the
controller may increase power to the mspiratory tube heating element. If the controller does
not detect moisture {(for example, when the measured condensate metric 15 less than the
predetermined thresheld), at block 4540, the controller may decrease or mamtain power to the
heating element. At block 4550, the controller may determine whether power to the inspiratory
tube heating element is at a maximum. If power to the inspiratory {ube heating element is at

the maximum, at block 4560, the coniroller may reduce a setpoint of the heater plate of the
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hurmdifier of the humidifier system when the power to the heating element 1s at the maximum.
This may include reducing the setpoini of the heater plate until the measured condensate
satisfies the expected condensate metric. This may also include not further increasing the set
point of the heater plate. If power to the inspiratory tube heating element is not at the maximuom,
at block 4570, the controller may wait for a predetermined period of time before returning to
block 4510

(1291} Certain inspiratory tubes may inclode heating elements arranged such that
different sections of the inspiratory tube may be independently energized or controlled (e g,
increase power to that section) to remove moisture in a certain section. An example of such an
mspiratory tube i3 a dual zone mnspiratory tube, which may be used in neo-natal applications
or other adult applications. The dual zone inspiratory tube may be used with an incubator. The
section of the tube intended to be within the incubator may be referred to as the “outer section”.
The outer section s closer to a patient end of the tube. The section of the tube intended to be
placed outside of the incubator may be referred to as an “mner section.” The inner section is
closer to a chamber end of the tube. As discussed above with respect to the one or more
mtermediate connectors in Fig. 3A, different section of the tube can be heated depending on
the polarity of the section of the tube. the entire tube (including both the inner and the outer
sections) 13 powered by an “outer loop” of a heating circutt that is designed to heat the tube.
The mner section is powered by an “taner loop” of the heating circuit. It may be advantageous
to measure moisture (for example, condensate) at those different sections of the inspuratory
tube. If moisture 1s detected in the outer section, a controller of the hunmudifier system may
merease power to the outer loop to reduce moisture built up in the outer section. If moisture 1s
detected n the ner section, the controller may increase power to the nner loop mstead of
mereasing power to the outer loop. Only increasing power to the mner loop can reduce the
likelthood of overheating the outer section, which may already be at a higher temperature than
the inner section due to the outer section being nside the meubator.

{1292} FIG. 46 1llustrates a process or method to control power to a heating element
of a dual zone mspiratory tube in response to detection of moisture. At block 4610, the
controller of the humidifier system may set the heater plate to a set point (for example, a
temperature set point). At block 4620, the controller may determine whether moisture is

detected in an outer section of the breathing tube. This determination may further include the
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controller determining whether the measured condensate metric satisfies an expected
condensate metric {for example, by being greater or below a predetermined threshold). This
determination can be made without input from a sensor at a patient end or at the outlet of the
chamber of the humidification system. The measured condensate metric may not satisfy the
expected condensate metric if the measured condensate metric 1s greater than a predetermined
threshold. If moisture 1s detected in the outer section of the breathing tube, at block 4630, the
controller may increase the power directed to the heating element of the outer section of the
breathing tube. This may increase the power to heat the entire breathing tube. ¥f moisture is
not detected in the outer section of the breathing tube, at block 4640, the controller may reduce
the power to the outer loop. At block 4650, similar to the detection of moisture in the outer
section at block 4620, the controller may determine whether moisture is detected in an mner
section of the breathing tube. I moisture s detected in the inner section of the breathing tube,
at block 4660, the controller may increase the power directed to the heating element of the
inner section of the breathing tube {(that 15, the inner loop). If moisture is not detected in the
inner section of the breathing tube, at block 4670, the coniroller may decrease the power o the
mnner loop. At block 4680, the controller may determine whether either the inner or the outer
section has reached a maximum heating element power. If the heating element of either section
has reached a maximum power limat, at block 4690, the controller may reduce the temperature
setpoint of the heater plate of the humidifier. If the heating element of either section has not
reached the maximum power limit, at block 4695, the controlier may wait a predetermined
period of time before returning to block 4610

Flow Sensor Replacement

{1293} The humidifier controller may no longer need flow sensor inputs for various
hurmidity performance controls and water-out detection, as the ability to sense/infer the dew
point temperature using humuidity sensing disclosed herein allows the humidifier controller to
control operation of the hunudifier based on the saturation level of the flow of gases, regardless
of the flow rate. As such, the chamber outlet flow sensor may be removed, which has benefits
including cost savings and improving ease of manufacture.

{1294} In addition, if the controller has information relating to at least two locations
in the breathing circuit where water has condensed, and knowledge of a temperature gradient

along the breathing conduit, the controlier may determine the flow rate. As shown in Fig. 32A,
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the homidifier controller may receive at least one first sensor signal from a fust sensor
associated with a first location at step 3202 and at least one second sensor signal from a second
sensor associated with a second location at step 3204. Each sensor signal can be indicative of
the level or amount of moisture at the first or second location. The controller can determine a
first value indicative of the level or amount of moisture at the first location based on the at least
one first signal at step 3206 and a second value indicative of the level or amount of moisture
at the second location based on the at least one second signal at step 3208, Each location can
be associated with a different component of the humidifier system. The component can include
one or more of a conduit or a portion thereof, a connector {(which may connect two conduits or
be a wye piece that connects an inspiratory conduit, an expiratory conduit, and a patient
interface supply conduit), an adaptor, a portion of the hunidification chamber that is exposed
to the flow of gases, and/or the patient interface. The first location can be upstream of the
second location during normal operation of the humidifier system. For example, the first
location may be the chamber outlet. The second location may be at or near the patient end of
an inspiratory conduit or a distal end of a patient interface supply conduit.

[1295] As shown in Fig. 32B, after having completed the steps n Fig. 324, the
controller can additionally receive readings from temperature sensors at the first and second
locations respectively at steps 3210, 3212, If the controller first detects a first amount of
moisture at the first location at decision block 3216, the controller can wait a period of time
using a timer at step 3218 before proceeding to decision block 3220 to determine whether the
moisture level or amount at the second location 1s below a second amount. If the level or
amount of moisture at the second location is below the second amount at decision block 3220,
the controller can determine that the flow rate of the gases 1s within a certain range at step 322
based on the temperature readings at the first and second locations.

{1296} In an example, the controller may begin by detecting moisture formation in
a breathing circuit zone and compare the patient-end temperature of that zone with an expected
temperature. If the patient-end temperature of that zone is measured higher than a chamber-
end temperature set point, assuming the gases leaving the chamber outlet are saturated,
moisture {for example, condensate} may form increasingly further from the chamber outlet as
the flow rate increases. Therefore, based on the locations where moisture is detected, the flow

rate may be determined.
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No-Flow Defection

{1297} Additionally or alternatively, the controller may use moisture detection
disclosed herein or sensed humidity levels to indicate that the humidifier is operating without
flow {or with very low flow} being provided from a gases source, which can be a ventilator, a
flow generator and/or the like.

{1298} As shown in Fig. 324, the humidifier controller may receive at least one
first sensor signal from a first sensor associated with a first location at step 3202 and at least
one second sensor signal from a second sensor associated with a second location at step 3204
Each sensor signal can be indicative of the level or amount of moisture at the first or second
location. The control can determine a first value indicative of the level or amount of moisture
at the first location based on the at least one first signal at step 3206 and a second value
mdicative of the level or amount of moisture at the second location based on the at least one
second signal at step 3208. Each location can be associated with a different component of the
humidifier system. Additionally, the first and second location may be separate locations of the
same component {e.g., a chamber end and a mid-point or patient end of a conduit). The
component can include one or more of a conduit or a portion thereof, a connector {which may
connect two conduits or be a wye piece that connects an inspiratory conduit, an expiratory
conduit, and a patient interface supply conduit), an adaptor, a portion of the humidification
chamber that is exposed to the flow of gases, and/or the patient interface. The first location can
be upstream of the second location during normal operation of the humidifier system. After
having completed the steps in Fig. 32A, as shown 1n Fig 32C, the controller can proceed to
decision block 3224 If the controller first detects a first amount of moisture at the first location
at decision block 3224, the controlier can wait a period of time using a tumer at step 3226 before
proceeding to decision block 3228 to determine whether the moisture level or amount at the
second location is below a second amount. If the level or amount of moisture at the second
location is below the second amount at decision block 3228, the controller can determine that
no flow or a flow rate below a threshold is occurring in the system at step 3230. Due to natural
movement of humid gases, moisture can be detected to some extent at the first location, even
when there is no forced flow from a flow generator. The amount of moisture at the first location

is expected to be higher than the second location.
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[1299] In an example, upon successful detection of a first amount of moisture at
the chamber-end of the breathing conduit, the chamber inlet, or the chamber cutlet, the
controller may allow a pre-determined time-period to elapse before checking whether a second
amount of moisture is detected at the patient end. I the second amount (which may be a simtlar
level as the first amount} of moisture 1s found at the patient end of the breathing conduit, the
humidifier controller may assume that flow is present in the system. If the detected moisture
is below the second amount or if there is an absence of moisture, it 1s likely that there is zero
flow of gases through the breathing conduit, and the controller can generate a notification or
trigger an alarm or alert accordingly. The notification or alarm may be displayed on the
humidifier system or another device as disclosed herein.

{13001 If multiple moisture detection locations are provided (for example, along
the breathing circuit), the above method may have improved accuracy, senstivity, and/or
detection times. The multiple motsture detection locations can be provided by including at least
a third sensor providing a third signal based on the level of moisture present at a thard location.
The third location may allow for confirmation of no flow. The third location can be upstream
of both the first and second location. For example, the first location may be at an mspiratory
conduit; the second location may be at a chamber inlet; and the third location may be at an
expiratory conduit.

(1301} This no-flow detection method may also be used as part of the humudity
sensing method disclosed herein, for example, described with reference to Figs. 31A-318B. The
estimated level of humidity at the patient end, for example, the estimated or determined dew
point temperature, may be compared to the estimated level of hurmdity at the humidification
chamber outlet. If the bumidity at the patient end 15 significantly lower, this may suggest that
there 1s no flow m the system. As a result, the controller may generate a notification and/or
alarm as described above.

Reverse Flow Detection

{1302} Additionally or alternatively, reverse flow detection may also be performed
using at least one of the moisture detection methods. Reverse flow may be due to incorrect
connection. Figs. 34A and 34B illustrate example humidifier systems with correct connections.
The gases can flow in the direction of the arrows indicated in Figs. 34A and 34B. The

humidification system 1 can include a gases source 10 in liquid communication with a
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hurmidifier 20 via a dryline conduit 30. In this disclosure the example of a gases source is a
ventilator. Other gases sources may also be contemplated, for example, a wall gases source or
a compressed gas tank. The dryling conduit 30 can be a tube that is shaped and configured to
transfer gases from a gases source to the humidifier 20. The dryline conduit refers o a conduit
(for example, a tube or a corrugated tube) that is used to transport unhumidified (for example,
dry or ambient) gases from the gases source to the hunudifier 20. When correctly connected
(that 1s, in an operational configuration) the dry line conduit pneumatically connects between
the gases source and the humidifier. The humidifier 20 can include various components,
including, for example, a chamber 26 (see Fig. 34A), and a heat source. The heat source can
mclude a hunudifier heat source that 1s used to heat the contents of the chamber 26 in order to
vaporize the contents of the chamber 26 such that the gases flowing through the chamber can
be hunudified by the vaporized contents. In one example the heat source is used to heat and
vaporize water to humidify the gases. The heat source also heats the gases passing through the
chamber 26 to a desired temperature {for example, a therapeutic temperature). Examples of
the humidifier heat source can include chemical heaters, radiant heaters, induction heaters, and
the like. By way of example, the heat source can be a heater plate using a resistive heater. The
hunudifier 20 can also optionally include one or more processors, such as hardware and/or
software processors. The humidifier 20 can include a controller that can include one or more
processors and memory. The controller can control operation of the humudifier 20, for
example, the steady state operation of the humidifier 20. The gases source can be single
direction gases sources, blower, ventilator umt, compressed air tanks, hospital wall gases
sources, oxygen bottles, or pressurized gas bottles. Some gases sources may provide gases to
the patient and withdraw gases from the patient, especially when the patient 1s sedated to
simulate breathing and to encourage gases exchange within the patient. These systems
generally require an inspiratory conduit and an expiratory conduit. The gases source can also
meclude a igh flow gases source configured to deliver high flow of air or gases, for example,
mn excess of 30L/mm and/or up to 150L/min. The gases source can be configured to deliver
gases flow rates in other ranges ¢ g for neonatal applications the flow rates can be fess than
8L/min. Gases supplied by the gases source can include either dry air, ambient air, oxygen,

and/or a mixture of gases (for example, therapeutic gases or breathing gases). One or more
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controllers can control the gases source 10 to generate a gases flow at a desired flow rate,
temperature, and/or pressure. The gases from a gases source outlet 12 can comprise dry gases.

{1383} The dry gases can be provided to a humidifier inlet 22 via the dryline
conduit 30. The chamber 26 of the humidifier 20 can contain a liquid, such as water. The
humudifier 20 can have a heat source such as a heater plate for vaporizing the water to humidify
and heat the dry gases from the dryline condint 30. Water can be supplied to the humidifier
20 from a water source. The humidified gases can leave a humidifier outlet 24 and enter an
mspiratory conduit 40. The humidifier mnlet 22 and outlet 24 can be the humidification
chamber 26 inlet and outlet, respectively.

(1304} The mspiratory conduit 40 (that i3, gases delivery conduit} can provide the
hunudified gases to a patient 2. The inspiratory conduit 40 can be a gas delivery conduit that
carries gases from the humidifier to a patient interface 70. The inspiratory conduit 40 (that 1s,
gas delivery conduit) can pneumatically couple the patient mterface 70 and the hunudifier 20.
The nspiratory conduit 40 can be coupled to a patient interface 70. Although the patient 2 1s
illustrated as wearing a mask in Figure 1, the patient 2 can be wearing other types of patient
mterfaces 70 disclosed herein, such as a nasal cannula or an endotracheal tube. The patient
mterface 70 can also comprise an interface tube, which is a short section of tube, which may
be heated or unheated, and the inspiratory conduit 40 can be coupled or connected to the
mterface tube. The short section of tube may be a breathable tube. The short section of tube
can decouple the patient interface from the inspiratory conduit to prevent the patient interface
from being dislodged. Alternatively, the inspiratory conduit 40 can be coupled to a wye-piece
60 {see Fig. 34B) at an nspiratory conduit connection port 62. The wye-piece 60 can be
connected to the patient interface 70 at a patient nterface connection portion 66, The
mspiratory conduit 40 can have an inspiratory heat source to reduce or prevent condensate
formation. Examples of the mspiratory conduat heat source can include a heater wire, heating
tape, and/or water jacket heating  The humdification system 1 can include an expiratory
conduit 50 (that 15, a gases transport conduit or expired gases transport conduit). The
expiratory conduit 50 can be a gas transport conduit that directs gases away from the patient.
The expiratory condwnt 50 can direct expired gases away from the patient and transport the
expired gases to the gases source or to some other device (for example, a vent) that may release

the gases to atmosphere. The expiratory conduit 50 can direct gases expired from the patient
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2 back to a gases source inlet 14, The expiratory conduit 50 can include an expiratory conduit
heat source, such as a heater wire, heating tape, and/or water jacket heating. Optionally, the
expiratory conduit 50 can be formed of a vapor and/or liquid permeable material such that
moisture within the expired gases are transferred from the expired gas to the atmosphere. In
this regard, gases can be dried while travelling through the expiratory conduit 50. The
expiratory conduit 5C can be coupled to the patient interface 70 via the wye-piece 60 at the
expiratory conduit connection portion 64.

1305) Figs. 35A-35D illustrate example humidifier systems with incorrect
connections. These are examples only, and it should be appreciated that other conduit incorrect
connections may be possible, such as connecting conduits backwards and/or in different
locations in the circuit to where they should normally be connected.

{1386} As shown in Fig. 35A, connections of the dryline conduit 30 and the
expiratory conduit 30 with the gases source 10 are reversed. Specifically, the dryviine conduit
30 13 incorrectly coupled to the gases source inlet 14 and the expiratory conduit 50 1s incorrectly
coupled to the gases source outlet 12. As a result, the dry gases can flow directly to the patient
2 in the expiratory condutt 30 without being humidified or heated because the dry gases do not
pass through the huoudifier 20. The dry gases can be heated by an expiratory heat source n
the expiratory conduit 50, wherein the heating is not properly regulated by the controliers.
Expired gases from the patient 2 can become humidified through the humidifier 30 before
returning to the gases source 10, resulting in condensation forming in the gases source 10,

{1387} As shown in Fig. 358, there is an mcorrect flow condition in the humidifier
20. Specifically, the mnspiratory condutt 40 1s incorrectly coupled to the gases source outlet 12
and the hunndifier outlet 24, rather than hunudifier outlet 24 and patient 2. The expiratory
conduit 50 1s incorrectly coupled to the humidifier inlet port 22 and the patient 2, rather than
patient 2 and gases source 10. The dryline conduit 30 15 mncorrectly coupled to the patient 2
and the gases source inlet 14, rather than gases source outlet 12 and humidifier inlet 22 The
system receives outputs from the patient end sensor in the mspiratory condust 40 and the
sensors at the humidifier inlet and/or outlet 22, 24 that are not indicative of the actual patient
end temperature, and/or inlet/outlet temperatures. The humidifier heat source and the
mspiratory heat source may not function properly because of the incorrect outpuis from the

sensors, due to the incorrect feedback from the sensors. The gases leaving the humidifier inlet
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22 for the patient 2 may not be heated because the expiratory conduit 50 may not have a heating
wire, or may be heated by an expiratory conduit heat source in the expiratory conduit 50,
wherein the heating 1s not properly regulated by the controllers. The expiratory conduit 50
transporting humidified gases from the humidifier 20 can cause the gases to lose moisture (that
is, be dried out) before reaching the patient 2.

{1308} As shown in Fig. 35C, one of the errors includes connections of the gases
source inlet 14 and outlet 12 being reversed. Specifically, the drvline conduit 3¢ is incorrectly
coupled to the gases source inlet 14 and the humidifier inlet 22, Another error is that the
expiratory conduit 50 is incorrectly coupled to the humidifier cutlet 24 and the patient 2.
Another error is that the inspiratory conduit 40 is incorrectly coupled to the patient 2 and the
gases source inlet 12. As a result, the dry gases can flow directly to the patient 2 in the
expiratory conduit 30 without being humidified or heated because the dry gases do not pass
through the humidifier 20. The expired gases from the patient 2 can become humidified in the
hurmidifier 30 before returning to the gases source 10, The configuration shown m Fig. 35C
can result in humidified gases returning to the gases source without any drying of the gases.
The excess moisture in the gases can potentially cause damage to the gases source due to
condensation.

{1309} As shown in Fig. 35D, the gases flow in the normal direction, but there are
errors in the connections. Specifically, the expiratory conduit 50 is mcorrectly coupled to the
humidifier outlet 24 and the patient 2. The inspiratory conduit 40 is incorrectly coupled to the
gases source inlet 14 and the patient 2. That 15, the 1nspiratory conduit 40 and expiratory
conduit 50 have been switched from their intended positions i the breathing circuit. As a
result, the patient end sensor in the inspiratory conduit 40 cannot properly measure the
temperature of the gases delivered to the patient 2, but measures the terperature of the exhaled
gases from the patient 2. The gases leaving the humidifier 20 cannot be heated to ensure that
the patient end temperature reaches the patient end set-point. This can be due to the expiratory
conduit 50 not having a heat source, or the expiratory conduit heat source not being properly
energized by the controllers receiving the patient end temperature input from the sensor in the
mspiratory conduit 40, The gases reaching the patient 2 can exceed or fall below the patient
end set-point as the gases travel through the expiratory conduit 50. In the case of a breathable

expiratory conduit, the gases delivered to the patient will also have sub-optimal humidity. The
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configuration shown in Fig. 35D can result in humidified gases delivered to the gases source
10. The mspiratory conduit 40 transporting expired gases may not be able to dry the gases like
the expiratory condint 50. Therefore, humidity can be retained in the inspiratory conduit 40
{incorrectly coupled to the gases source inlet 14 and the patient 2} and the moisture can be
delivered to the gases source 10. As discussed above, this moisiure can potentially cause
damage to the gases source 10 due to condensation.

{1316} Reverse flow detection using at least one of the moisture detection methods
will be described with reference to Fig. 32A and Fig. 32D. As shown in Fig. 324, the
humdifier controller may receive at least one first sensor signal from a first sensor associated
with a first location at step 3202 and at least one second sensor signal from a second sensor
associated with a second location at step 3204. Each sensor signal can be indicative of the level
or amount of moisture at the first or second location. The conirol can determine a first value
indicative of the level or amount of moisture at the first location based on the at least one first
signal at step 3206 and a second value mdicative of the level or amount of moisture at the
second location based on the at least one second signal at step 3208, Each location can be
associated with a different component of the humidifier system. The component can include
one or more of a conduit or a portion thereof, a connector {which may connect two conduits or
be a wye piece that connects an inspiratory conduit, an expiratory conduit, and a patient
nterface supply conduit), an adaptor, a portion of the humidification chamber that is exposed
1o the flow of gases, and/or the patient mterface. The furst location can be upstream of the
second location during normal operation of the humidifier system for example as shown in
Figure 34B. The first location may detect reverse flow if the upstream component humudity s
above a predetermined threshold. As shown in Fig. 32D, after having completed the steps in
Fig. 32A, the controller can proceed to decision block 3232, If the controller detects that the
moisture level at the first (that 1s, upstream meant to be when connected correctly) location 13
less than the moisture level at the second (that 15, meant to be downstream when connected
correctly} location, the controller can determine that the flow direction 15 correct at step 3234,
If the controlier detects that the moisture level at the first (that is, meant to be upstream when
connected correctly) focation is greater than the moisture level at the second (that is, meant to
be downstream, when connected correctly} location, , the controller can determine that the flow

direction is incorrect at step 3236. As a result, the coniroller may generate a notification and/or
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alarm as described above. The first location may be upstream of the humidifier and the second
location may be downstream of the humidifier. The upstream location may be the dryline and
the downstream location may be the expiratory condut.

{1311} Additionally or alternatively, the controller can receive a third sensor signal
from a third sensor based on the moisture level at a third location. In an example, the controlier
may measure the levels of moisture at three locations: on the dry line; the inspiratory circuit,
and the expiratory circuit. The dry line may be by the chamber inlet. In the case of reverse
flow, the level of moisture in the expiratory circuit and mspiratory circuit may be lower than
the level of mossture detected at the chamber inlet. The difference between detecting a water-
out condition and a reverse flow condition is that in the reverse flow case, humidity at the
patient end may still be detectable and/or moisture may still be present at the patient end. In
contrast, in the water-out case, the patient end may be drier while the chamber outlet may have
some humidity/moisture.

Fxternal Device Communications

[1312} When moisture is detected in a component of the humidifier system, the
humidifier may communicate with external devices, such as a gases source (for example,
ventilators, gas mixers or other suitable flow/pressure generators), in addition or alternative to
the moisture management methods disclosed herein. When a sufficient level of moisture has
formed in a breathing circuit, the ventilator may detect/categorize the detected moisture as a
blockage. Upon detecting moisture, the humidifier controller may control a function of the
zases source. For example, the controller may communicate to the ventilator that the type of
blockage 15 a result of mosture in the breathing circuit. This may aliow the ventilator to
respond accordingly. For example, the ventilator can increase the bias flow 1 an attempt to
spread out the moisture along the conduit and/or to increase the evaporative effect to remove
the mosture, or increase the flow rate to push the condensate to the water trap, which may
prevent the mobile condensate from affecting the breathing pattern. Additionally or
alternatively, the humidifier can directly send this moisture detection data to the ventilator,
which can be displayed on the user interface of the ventilator, or such information could be
communicated to other devices such as a central monitoring system.

(1313} The ventilator may execute additional functions to reduce or prevent

condensation. These functions may inclade but are not limited to, for example, reducing tidal
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volume, increasing inspiratory rise time, reducing inspiratory to expiratory ratio, mereasing
the inlet gases temperature to minimize moisture in the circuit, and/or reducing incoming
humidity by reducing the amount of entrained room air and/or switching to a “dry” air source
{for example, a wall or bottle source}.

Water Out Detection

{1314} Because the humidifier controller may monitor moisture {(for example,
condensate} volume and even optionally the location, the controller may use moisture detection
disclosed herein to controllably induce a safe or tolerable volume of moisture, for example
condensate, to form for the purpose of detecting a water-out condition. The water out detection
may be based on a determination of moisture and/or humidity, for example decreasing below
a threshold. The threshold may be similar to the ones disclosed above with reference to
moisture management responses and humidity sensing. The coniroller can detect moisture {for
example, condensate} in normal use and identify a decrease m the amount of moisture (for
example, condensate) indicative of water out condition. The controller can determine a
decrease in the amount of moisture (for example, condensate) over time. In response to
detecting the decrease, the controller can increase an operating parameter of the humidifier to
ncrease the amount moisture {for example, condensate} in a component of the humidifier
system. If no increase is detected, the controller can determine a water out condition. In some
cases where the moisture detection sensor can determine a hunudity level in the conduit (or
other component, the water out condition may be determined based on a decrease in the
humidity in the conduit {or other compounent). The water-out condition can be due to the
chamber having no water or a very small amount (or low level) of water, for example,
msufficient for hunudifying the gases for the duration (or a remainder of the doration) of a
respiratory therapy.

{1315} As shown in Fig. 33, to induce the safe or tolerable volume of condensate
1o form, the controller can change the operating parameter(s} of the humidifier, for example,
by increasing power to the heater plate and optionally simultaneously lowering power to the
heater wire at step 3302, The changed operating parameters can be maintained for a
predetermined period using a timer at step 3304 before the controller proceeds to decision
block 3306, If no moisture (for example, condensate) or insufficient level of moisture {for

example, condensate) 1s detected at decision block 3306 after the changed operating parameters
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have been maintained for a period, the controller may determine that the water level in the
humidification chamber is low or empty at step 3308,

1316} The exact changes iy heater plate and heater wire power may be pre-
determined for a range of humidifier and ventilator operating parameters {for example, flow
rate} such that an appropriate threshold for detection of moisture can be set. For example, it
may be known that af a certain dew point setting, at steady-state, increasing heater plate power
by a percentage of the heater plate power and decreasing heater wire power by a percentage of
the heater wire power may induce a safe, small, but detectable quantity of moisture within an
expected time frame. Limiting the changes to the operating parameters may be beneficial to
minimize disruption to the gases flow delivery under normal operation and/or improve
detection speed, accuracy, etc.

1317} Alternatively, the controller may be calibrated such that the detection of
{anv) moisture (for example, condensate) formed as a result of increasing power to the heater
plate and optionally reducing power to the heater wires can be detected quickly, before
reaching an unsafe volume such that the changes to the operating parameters need not be as
strictly limited. Optionally, this method may be intereaved with any of the moisture (for
example, condensate) management {for example, reduction and/or removal) methods disclosed
herein.

Pre-Operation Circuit Condition Detection

1318} The moisture (for example, condensate and/or water in the vapor permeable
and/or liquid permeable material) detection methods can be used to detect presence of moisture
i a conduit prior to use. When a conduit 1s first connected to the humidifier, any moisture {or
moisture exceeding a small acceptable threshold quantity) 1s expected to absent i the condut.
The conduit would have been just removed from packaging or have undergone drying
procedures if the conduit 13 reused. The presence of moisture (or motsture exceeding the small
acceptable threshold quantity) may be a result of exposure to moisture during storage or
transportation, extended exposure to the atmosphere (which contains an mtrinsic fevel of
humidity}, inadequate drying procedures (in the case of re-used tubes), or the like. As described
above, the small or acceptable threshold amount can be experimentally determined based on

particular hunndifier and/or condnt configurations.
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(1319} Moisture detection methods may be mitiated by the humidifier controfler as
soon as the conduit is electrically connected with the humudifier. The controller may implement
any of the moisture detection methods described previously to determine whether there is
condensate or moisture present that may cause the humidifier to function improperly. Fig. 41
ilfustrates an example process that can be used to detected whether a tube of a humidifier
system s contaminated. At block 4110, the controller of the hunmidifier system may determine
a startup condition. In some examples, this may include the controller determining a duration
of time for which the humidifier has been powered on. The controller may determine that the
duration of time indicates the humidifier has just turned on. The controller may deternmune a
duration of time for which the tube has been connected to the humadifier. In other words, the
controller may determine whether the heater base has just powered on. {f the startup condition
is satisfied (for example, if the heater plate has just powered on and/or moisture 1s formed), at
block 4120, the controller may reduce heating, such as turning off power to the heater plate of
the humidifier, to ensure the heater plate 1s cool or at a sufficiently low temperature. This may
include reducing power to the heater plate of the hunudifier. At block 4130, the controller may
determine whether moisture {for example, condensate) is detected. This may include the
controller determining whether a measured condensate metric satisfies an expected condensate
metric. In some examples, the measured condensate metric may not satisfy the expected
condensate metric if the measured condensate metric is greater or lesser than the expected
condensate metric. If moisture 13 detected, at block 4140, the controller may raise a tube
moisture alarm. I moisture above the expected condensate metric 13 not detected, at block
4150, the controller may resume normal control of the humudifier system. Optionally, prior to
block 4150 being performed, the controller may countrol heating to the tobe to remove the
condensate that has formed as a result of block 4120,

{13201 The example process at the start-up for moisture detection i the inspiratory
tube can be implemented in conjunction with any of the other processes of moisture detection
i the inspiratory tube disclosed herein. For example, in the no flow/water out detection
processes described below, this contaminated tube detection can be implemented during the
“wait for device warm-up” block.

(1321} The type of problem that may cause moisture to be present in the conduit

can be distinguished by applying different thresholds to the detection algorithm. For example,
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a first threshold can be indicative of extended exposure to the atmosphere and a second
threshold can be indicative of inadequate drying of the conduit. The controller may alert the
user, for example in the form of a visual and/or audic alarmy/message, if there is an undesirable
level of moisture present in the conduit. The controller may prevent use of the conduit with the
homudifier in response to determuning the presence of moisture (or undesirable level of
moisture) in the conduit. For example, the controlier may prevent powering of the heater of

the conduit and/or prevent use of the humidifier while connected to the conduit.

Gas Type Detection and Room Entraining Vent Detection

1322} Because different gases have different thermal properties, various levels of
moisture (for example, condensate) may be present in a humidifier system based on the gas
type {or blend} used. Example thermal properties of pases that may affect the presence of
moisture for the type of gas can include, but are not limited to, thermal effusivity, thermal
conductivity, heat capacity, etc. For example, there may be more moisture formed when a
Heliox (a blend or combination of helium and oxvgen) gas type 1s used as the gas in a Heliox
mode rather than when air is used as the gas type (such as using a room entraining vent). The
mcrease in presence of moisture when Heliox 1s used as the gas instead of air may be due to
Helium having a higher thermal effusivity than air. Examples of gas types include various
Heliox blends, ambient air, air blended with supplemental oxygen in various amounts, other
blends of respiratory gases, or the like.

(1323} However, the controller of the humidifier system may not be able to
determine whether certain detected behaviors or thermal properties are due to the gases of one
type being humid or burmidified gases, or due to the different gas types used. This 15 because
hurmd/humidified gases of one type may have similar bebaviors or thermal properties to
various other gas types. Simtlarly, this may be because the controller may not be configured to
determine multiple types of gases. This may limit the controller to controller the humidifier
according to an expected gas type rather than an actual gas type, which can lead to increased
condensation, for example. It may be importani to distinguish a humid gas from another gas
type to determine whether moisture is present and/or providing gases to the patient at desired
or preferred conditions {e.g., preventing the formation of condensation). In some examples, the

controller may check whether a room entraining vent is connected to the humidifier system. In
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some examples, the controller may additionally determine the gas type. The user may
optionally be requested to enter or confirm the gas type determined. The controller can make
those two determinations in any order.

{1324} Example gas type detection and room entraining vent detection processes
are shown in Fig. 37. As shown at block 3710, the controller of the humidifier system may
determine whether the gas provided by the humidifier system is room entrained. If the gas is
room entrained, at block 3720, the controfler may adjust the operation of the humidifier for
room entrained gas. I gas is not room entrained, at block 3715, the controller may reduce
(which can include disable) heating of the inspiratory tube for a predetermined time. In some
examples, this may include reducing power to a heater wire of the inspiratory tube coupled to
the humidifier. This step allows for the gas to cool across the inspiratory tube and for moisture
(for example, condensate) to form.

(1325} At block 3730, the controller may determine whether a measured
condensate metric satisfies an expected condensate metric for the system. This determination
can be made by measuring and/or performing any of the moisture (for example, condensate)
detection methods as described herein. In some examples, the controller may compare a
condensate level detected in the inspiratory tube to a predetermined threshold or threshold
range. The predetermined threshold or range may be a function of various gas parameters,
ncluding but not limited to flow rate, gas temperature changes, ambient temperature, expected
gas properties, etc. The measured condensate metric may not satisfy the expected condensate
metric if the measured condensate metric, for example, the condensate level, is greater or lesser
than the predetermined threshold or range.

[1326] At block 3735, if the measured condensate metric satisfies the expected
condensate metric (that 1s, the amount of condensate formed s as expected), the controller may
resume s current gas type control metrics. Optionally, prior to block 3735 being performed,
the controller may control heating to the tube to remove the condensate that has formed as a
result of block 3715, If the measured condensate metric does not satisfy the expected
condensate metric (for instance, if the amount of condensate formed is more than expected),
then the system may perform additional steps etther automatically (block 3760) or via user
selection (blocks 3740, 3750). For example, the controller may determine that Heliox 1s being

used instead of air if an increase in humidity output is detected in the form of more
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condensation forming in the inspiratory tube. If there’s more moisture (for example,
condensate) formed, the controller can automatically be adjusted to operate in a Heliox mode
at block 3760, Alternatively, at block 3740, upon the determination that the measured
condensate metric does not satisfy the expected condensate metric {for instance, that there is
more condensate than expected}, the controller may alarm and/or prompt the user to change
the expected gas type for the system, for example, via the graphic user interface of the
humudifier system or the like At block 3750, the controller can make the adjustment as
disclosed at block 3760.

(1327} At block 3750 or 3760, the controller may output or further adjust the
operation of the hunudifier system based on the gas type detected. For example, after the
controller has adjusted to operate in a Heliox mode, the controlier can additionally disregard
readings and/or measurements from a temperature-based flow sensor (for example, a hot wire
anemometer} in the humidifier system. The controller can optionally disable the temperature
based flow sensor at block 3750, When there is more moisture formed than expected, the
temperature based flow sensor may be inaccurate. Instead, the controller can use a different
form of calculating the flow rate, for example, using an algorithmic method that does not
require further input from sensors.

1328} Additionally or alternatively, the controller may also be adjusted such that
the response of a heater plate temperature control is slowed. In some examples, the controller
may adjust the PID coefficients, increase the control loop timing, and/or apply a maximum
ncrease in the heater plate temperature setpoint to slow down the response to the heater plate
temperature control.

Detection of No Humidity (No Flow/Waier Oui/Reverse Flow) Using Heating

Fement Control

{1329} Power to certain heating elements can be reduced (including disabling those
heating elements) and/or certain conditions can be determined based on whether maoisture (for
example, condensate has formed). However, when power to a heating element of a humidifier
system is reduced (including disabled) and no moisture {(for example, condensation} forms,
this may be indicative of many scenarios including but not limited to, a no flow condition ora

water out condition, or reverse flow conditions, etc.
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(1330} Fig. 3BA illustrates an example process to determine whether there is a no
flow or water out condition. At block 3810, the system can reduce {including disable) power
to a heating elementi. The heating element may be a heater wire that is connected to the
mspiratory tube. The power may be reduced for a predefined period of time. At block 3820,
the controller may determine whether a measured condensate metric satisfies an expected
condensate metric. With a reduction in power to the heating element of the mspiratory tube,
more condensate is expected. That 1s, condensate may be expected to form as a result of block
3810. If no condensate has formed, or the level of condensate formed is not as expected, it may
be inferred that no humdity 15 being delivered as a result of either no water being present in
the chamber or no flow through the system. If the measured condensate metric satisfies the
expected condensate metrig, at block 3840, the controller resumes normal control (for example,
by resuming the previous level of heating of the inspiratory tube). For example, the measured
condensate metric may correspond to a measured condensate level and the expected
condensate metric may be a predetermined threshold or threshold range. In this example, it
may be expected that the measured condensate level may be greater than the predetermined
threshold or range as a result of reducing power in block 3810 to the heater wire that 1s
connected to the mspiratory tube.

1331} If the measured condensate metric does not satisfy the expected condensate
metric {for example, it 15 below a threshold or range such that the condensate level m the
mspiratory tube is decreasing or at a mimumum level) despite the reduced heating of the
mspiratory tube, this may be indicative of etther no flow through the system or water out in the
chamber and the controller proceeds to block 3830, At block 3830, the controller may assess
whether a water out condition is occurring. If there 15 not a water out condition, then the
controller can infer a no flow condition. At block 3850, the controller may output a no flow
alarm. If there 18 a water out condition, at block 3860, the controller may output a water out
alarm.

{1332} Alternatively, the controller may determine whether there is a no flow
condition first rather than determining whether there 1s a water out condition. The controlier
may determine a no flow condition with use of a flow sensor or an indirect means of

determining flow. If there is no flow, the controller can cutput a water out alarm.
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[1333] At block 3870 (after outputting either a water out or no flow alarm), the
controller may set the humidifier system to a safe state. For example, the controller may
discontinue power to heating elements of the humidifier system.

{1334} Fig. 38B illustrates an example process to determine whether there is a no
flow or water out condition that has the same blocks as Fig. 38A except that block 3830 1s
replaced by blocks 3832 and 3834. At block 3832, if the measured condensate metric does not
satisfy the expected condensate metric, the controller can increase the power 1o the heater plaie
of the humidifier and measure a change in the heater plate temperature gradient. The controller
can measure the heater plate temperature using a temperature sensor located at or near the
heater plate heating element. At block 3832, the controller may determine whether the heater
plate temperature gradient is above a predetermined threshold. If the gradient is above the
threshold, the controller proceeds to block 3860. If the gradient is not above the threshold, the
controller proceeds to block 3850,

{1335} In some examples, the controller can further determine whether no hurmdity
15 a result of reverse flow, the humidifier being just powered on or warming up, or
malfunctioning of the hunudifier (for example, heater plate malfunction), as discussed below.
Fig. 38C illustrates an example process for additional fault detection based on no flow/water
out detection described above. In addition to detecting no flow or water out conditions, the
process in Fig. 37C also includes determining whether the humidifier syster is starting up and
whether the humidifier system s functioning correctly. At block 3810c¢ the controller of the
hunudifier system may wait for a period of time to allow the system to warm up. At block
3820c¢, the controller may check whether the heater plate 13 functioning correctly before
proceeding to water out and no flow detection.

{1336} To detect whether a water out condition is present, at block 3825¢, the
controller may first establish a gas flow above zero and in the correct direction to rule out a no
flow condition or a reverse flow condition. At block 3830¢, the controller may stop the heating
of the inspiratory tube until a predetermined temperature drop is achieved. At block 3835¢, the
controller may determine whether a condensate level in the inspiratory tube has decreased or
is at a minimum level If the condensate level in the inspiratory tube has not decreased or is
not at a minumuom level, at block 3850c¢, the coniroler may resume normal control (for example,

by resuming heating of the inspiratory tube). Optionally, prior to block 3850c¢ being performed,
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the controller may control heating to the tube to remove the condensate that has formed as a
result of block 3830¢. If the condensate level in the inspiratory tube has decreased or is at a
minimum level, at block 3840c, the controller may output a water out alarm. After sutputting
the water cut alarm, at block 3845¢, the controller may set the operation of the humidifier
system o a safe state. For example, the controller may discontinue power {0 heating elements
of the humidifier system.

(1337} To detect whether a no flow condition is present, at block 3855¢, the control
may first establish that the humidification chamber has water to rule out a water out condition.
At block 3860c, the controller may stop the heating of the inspiratory tube until a
predetermined temperature drop is achieved. At block 3865¢, the controller may determine
whether a condensate level in the inspiratory tube has decreased or is at a mimimum level. If
the condensate level in the inspiratory tube has not decreased or is not at a minimum level, the
controller proceeds to block 3850c. Optionally, prior to block 3850¢ being performed, the
controller may control heating to the tube to remove the condensate that has formed as a result
of block 3860c¢. If the condensate level in the inspiratory tube has decreased or is at a minimum
level, at block 3870c¢, the controller may output a no flow alarm before proceeding to block
3845¢.

[1338] Fig. 39 dlustrates a schematic to determine whether no humidity 1s a result
of reverse flow. This process can be incorporated into the processes shown in Figs. 38A-38C
for determiming a no flow or water out condition. The reverse flow process includes
determining whether there 1s condensate in the dryvline or gases supply line which connects the
gas source and the et of the humidification chamber, and/or whether there 13 more
condensate 1n the dry line than in the inspiratory or expiratory tubes.

(1339} At block 3910, the controller may determine whether moisture (for
example, condensate) 1s detected in the dryline. If condensate 1s not detected, the controller
may return to the start of the process. Optionally, before restarting at block 3910, at block
3920, the controller may optionaily elevate the heater plate temperature set point. This step
may ensure there may be encugh humidity present in the system so moisture (for example,
condensate) will form at a location within the humidifier system. I moisture is detected, at
block 3930, the controller may determine whether the condensate level detected in the dryline

is greater than a condensate level in the inspiratory tube and/or expiratory tube. If the
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condensate level in the dryline 15 lower, at block 3940, the controller may resume as normal
operation. If the condensate level in the dryline is greater, at block 3950, the controller may
output a reverse flow alarm. The alarm may include an audio and/or visual message.

Covered Tube Detection

{1346} During use of the humidifier system, a tube (for example, the inspiratory or
expiratory tube) may be covered or partially covered, such as by clothing or bedding. A
covered tube may produce and build op humidity within the tube because moisture cannot
evaporate from the tube wall as fast as from an exposed tube, which uses a breathable material
as disclosed herein. When any accumulated condensate does not evaporate within an expected
time frame, this may indicate that the tube 1s covered. A covered tube can be undesirable. For
example, the tube wall material may experience melt when heat cannot dissipate well when the
tube is covered.

{1341} Fig. 40 illustrates an example process to detect whether a tube 1s covered.
At block 4010, the controller may determine whether condensate 1s detected. The controller
may determine whether condensate is detected by comparing a measured condensate metric
within an inspiratory tube to an expected condensate metric of the inspiratory tube. In some
examples, if the measured condensate metric does not satisfy an expected condensate metric,
then condensate may be present. The measured condensate metric may not satisfy the expected
condensate metric if the measured condensate metric 1s greater or lesser than a predetermined
threshold.

[1342] If condensate 1s not detected, the controller may optionally proceed to block
4020. At block 4020, the controller may optionally elevate the heater plate temperature set
point. This step may ensure there may be enough hurmidity present in the system 3o moisture
(for example, condensate) will form at a location within the humidifier system. The amount of
condensation may be based on at least ambient temperature. Therefore, this process can be
more accurate for determining reverse flow when the ambient temperature 18 not excessively
high (for example, not exceeding the bounds of a range between approximately 26°C to
approximately 42°C). The controller may be limited in how much the heater plate temperature
set poini can be elevated to avord heating the heater plate to a level that may be unsafe for the

patient.
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(1343} I moisture 15 detected, at block 4030, the controller may increase the power
of the heater wire of the inspiratory tube and/or decrease the power of the heater plate. At block
4040, the control may wait a predetermined period of time. At block 4050, the controller may
determine a duration of time to dry out condensation in the inspiratory tube, a dry out time.
The controller may further determine whether the dry out time 1s greater than a predetermined
threshold or threshold range. If the dry out time is not greater than the predetermined threshold
or range (that i3, the measured condensate metric satisfies the expected condensate metric), at
block 4060, the controller may resume to normal (for example, returning to previcus set points
for the heater plate and the heater wire). If the dry out time is greater than the predetermined
threshold or range (that is, the measured condensate metric does not satisfy the expected
condensate metric), at block 4070, the controlier may output a tube coverage alarm and/or
decrease power to the heater wire of the tube.

Incubator Detection

{1344} As disclosed herein, the tubes of the humidifier system may be partially
located in an mcubator during use. The moisture {for example, condensate) detection methods
disclosed herein can be useful in determining whether an incubator 1s being used with the
humidifier system. The incubator typically has a temperature greater than the ambient
temperature. This may correlate with the condensate level present in a tube or a portion thereof
within the incubator being lower than in the part of the tube that is outside the incubator. To
detect the presence of an incubator, the controller may determine condensate levels in the two
sections of the tube: a first section outside of the incubator and a second section inside the
mcubator. If the second section contains less condensate than the first section, an incubator
may be present.

[1345] Fig. 42 illustrates an example process or method to determine whether an
mcubator 1s present within a humidifier system. At block 4210, the controller may reduce
(including disabling) the heating of the inspiratory tube for a predetermined period of time. At
block 4220, the controller may measure a first condensate metric 1n a first section of the
inspiratory tube and a second condensate metric in a second section of the inspiratory tube. At
block 4230, the controller may determine whether the measured condensate metrics satisfy an
expected condensate metric. In some examples, this may include comparing the first

condensate metric of the first section and the second condensate metric of the second section.
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The controller may determine whether the difference between the first condensate metric and
the second condensate metric is greater a predetermined threshold or threshold range. If the
difference is not greater than the predetermined threshold or range, at block 4240, the controller
may resume normal operation of the system {for example, by resuming heating of the
imspiratory tube). Optionally, prior to block 4240 being performed, the controller may control
heating to the tube to remove the condensate that has formed as a result of block 4210, If the
difference s greater than the predetermined threshold, at block 4250, the controller may enter
an incubator and/or heater control mode before proceeding to block 4260. At block 4250, the
controller may decrease power delivered to the heater wire at the second section and increase
power delivered to the heater wire at the first section.

{13461 This process can be activated when the humidifier system is operating in a
neonatal mode to confirm whether an incubator is being used. If an mcubator is detected by
the controller and further confirmed by the user (for example, via the GUT of the humidifier),
the controller can adjust operation of the humidifier accordingly.

(13471 The tube may be further divided into more than two sections. Increasing the
number of measurable sections may increase the resolution of the condensate level gradient
across the tube. For example, the mspiratory tube may be split into three measurable sections
and half of the inspiratory tube may be placed in a heated environment. In other words, two of
the three measurable sections may be placed n the heated environment and one of the three
sections may be placed outside of the incubator, or vice versa. The section that is completely
and/or entirely 1n the heated environment may have the lowest condensate level. The section
completely and/or entirely in the ambient environment may have the highest condensate level.
The second partially i the heated environment and partially in the ambient environment may

have an intermediate level of condensate.

Tube Orientation Detection

{1348} When in use, the humidifier 1s generally placed lower n elevation than the
patient. This 1s to ensure that if condensation 15 formed, the condensation may drain back to
the humidifier instead of to the patient. The orientation of the tube may affect the drainage of
the condensation so it may be desirable for the controller of the humidifier sysiem to be able

to determine the tube orientation. The tube orientation determination can be based on a
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comparison of the condensate measured from three locations: a patient end, a location within
the inspiratory tube that is not near either ends of the tube (an mtermediate location), and a
near chamber outlet location. If the condensate level at the patient end is greater than the
condensate level at the other two sections, this may indicate that the humidifier may be at an
elevation above the location of the patient. The controller can alert the patient to reposition the
humidifier to be below the patient.

{1349} Fig. 44 illustrates an example process or method to determine the tube
orientation within a humidifier system. At block 4410, the controller may determine whether
condensate is detected in the mspiratory tube. This may include the controller measuring a
condensate metric and determining whether the measuring condensate metric satisfies an
expected condensate metric. The system may detect condensate if the measured condensate
metric does not satisfy the expected condensate metric. The measured condensate metric may
not satisfy the expected condensate metric if the measured condensate metric is greater or lesser
than a predetermined threshold.

13501 If condensate is not detected, the coniroller may return to the start of the
process.  Optionally, before restarting at block 4410, at block 4420, the controller may
optionally elevate the heater plate temperature set point. This step may ensure there may be
enough humidity present in the systern so moisture (for example, condensate) will form at a
location within the humidifier system. If moisture 1s detected, at block 4430, the controller may
deterrine whether the capacitance value measured at the patient end Cpe 1s greater than the
capacitance value measured at the mtermediate location Cmud (for example, 10 the middle of
the inspiratory tube) and whether the capacitance value measured at the intermediate jocation
Crud 15 greater than the capacitance value measured at the chamber outlet Cch. In other words,
the measured condensate metric does not satisfy the expected condensate metric is determine
by the measured condensate metric at a patient end of the inspiratory tube being greater than
the measured condensate metric at an outlet of the humidification chamber and the measured
condensate metric at the patient end may be greater than the measured condensate metric at the
intermediate location. I the condition in block 4430 is satistied, at block 4440, the controller
may output a tube orientation alarm. If the condition in block 4430 s not satisfied, at block

4450, the controller may resume normal operation of the humidifier system. Optionally, prior
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to block 4450 being performed, the controller may control heating to the tube to remove the
condensate that has formed as a result of block 4420.

Alternative Implemenitations & Replaceable Features

{1351} The foregoing moisture detection systems and methods may be
mmplemented by any humidifier or gases supply system which provides humidified gases in
respiratory support or surgery, including, but not limited to, bi-level pressure respiratory
support, CPAP respiratory support, or high flow nasal cannula respiratory support. The
humidifier or gases supply system can include a gases sources in the form of a ventilator
separate from the humidifier apparatus. Alternatively, the humidifier or gases supply system
can include an integrated flow-generator and a hunudifier apparatus in a single housing. The
humdifier or gases supply system may include a single breathing conduit or tube, which is an
ispiration conduit. Alternatively, the humidifier or gases supply system can include more than
one breathing tube or conduit, such as the inspiratory conduit and an expiratory conduit.

{1352} Fig. 36 illustrates an example humidifier system 10 that can provide high
flow nasal cannula respiratory support. The system can provide a high flow gases flow 31 to a
patient 16. The system can include a flow source 50, a humidifier 52 for hunudifying the gases
flow, an mspiratory tube, a conduit (e.g. “dry’ line or heated breathing tube), and a patient
mterface 51. The flow source 50 can include a wall supply of oxygen, tank of oxygen S0A,
and/or a high flow apparatus with a flow generator 30B with optional air mlet 50C for
entraining ambient air. In this example humidifier system 10, ambient air may contain a higher
hunidity content than in the example respiratory assistance apparatus of Fig, 1. Flow source
50 and humidifier 52 may be mtegrated into the same housing, or may be provided in separate
housings. Oxygen {or other supplementary gas) source 50A can be connected to the flow
generator via controllable valve/regulator/other gas flow control device S0D. The humidifier
52 can be connected between the flow source 50 and the patient 16. The system 10 can mnclude
one or more sensors S3A, 538, 53B, 53D. The sensors can include flow, oxygen fraction,
pressure, hunudity, temperature, and/or other sensors. The sensors can also mclude patient
physiological sensors, for example, for measuring patient heart rate, oxygen saturation, partial
pressure of oxygen, respiratory rate, parital pressure of CO2, ete. The patient sensor may be an
EE( sensor, torso band, etc. The system 10 can also include a sensor 14 at or near the patient

mterface 51 to measure the oxygen fraction inspired by the patient. The system can include a
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controller 19, which can be in communication with the flow source 50, humidifier 52, and/or
sensor 14. The system can include an mput/output (0} interface 54, which can be a display
or input device, or both. The display can be a touch screen. The moisture detection systems
and methods, and applications thereof as described above can be implemented in the system

0.

Terminology

{1353} Although this disclosure has been described in the context of certain
embodiments and examples, 1t will be understood by those skilled in the art that the disclosure
extends beyond the specifically disclosed embodiments to other alternative embodiments
and/or uses and obvious modifications and equivalents thereof In addition, while several
variations of the embodiments of the disciosure have been shown and described in detail, other
modifications, which are within the scope of this disclosure, will be readily apparent to those
of skill in the art. It 1s also contemplated that various combinations or sub-combinations of the
specific features and aspects of the embodiments may be made and still fall within the scope
of the disclosure. For example, features described above in connection with one embodiment
can be used with a different embodiment described herein and the combination still fall within
the scope of the disclosure. It should be understood that various features and aspects of the
disclosed embodiments can be combined with, or substituted for, one another in order to form
varying modes of the embodiments of the disclosure. Thus, 1t 1s intended that the scope of the
disclosure herein should not be himited by the particular embodiments described above
Accordingly, anless otherwise stated, or unless clearly incompatible, each embodiment of this
nvention may comprise, additional to its essential features described herein, one or more
features as described herein from each other embodiment of the mvention disclosed herein.

{1354} Features, materials, characteristics, or groups described in conjunction with
a particular aspect, embodiment, or example are to be understood to be applicable to any other
aspect, embodiment or example described in this section or elsewhere n this specification
unless incompatible therewith. All of the features disclosed in this specification (including any
accompanying claims, abstract and drawings), and/or all of the steps of any method or process
so disclosed, may be combined n any combimnation, except combinations where at least some

of such features and/or steps are mutually exchisive. The protection is not restricted to the
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details of any foregoing embodiments. The protection extends to any novel one, or any novel
combination, of the features disclosed in this specification (including any accompanying
claims, abstract and drawings}, or to any novel one, or any novel combination, of the steps of
any method or process so disclosed.

[1355] Furthermore, certain features that are described n this disclosure in the
context of separate immplementations can also be implemented i combination in a single
implementation. Conversely, various features that are described in the context of a single
implementation can also be implemented in multiple implementations separately or in any
suitable subcombination. Moreover, although features may be described above as acting in
certain combinations, one or more features from a claimed combination can, in some cases, be
excised from the combination, and the combination may be claimed as a subcombination or
variation of a subcombination.

(1356} Moreover, while operations may be depicted in the drawings or described
in the specification in a particular order, such operations need not be performed in the particular
order shown or in sequential order, or that all operations be performed, to achieve desirable
results. Other operations that are not depicted or described can be incorporated in the example
methods and processes. For example, one or more additional operations can be performed
before, after, simultanecusly, or between any of the described operations. Further, the
operations may be rearranged or reordered in other implementations. Those skilled in the art
will appreciate that in some embodiments, the actual steps taken in the processes itlustrated
and/or disclosed may differ from those shown in the figures. Depending on the embodiment,
certain of the steps described above may be removed, others may be added. Furthermore, the
features and attributes of the specific embodiments disclosed above may be combined in
different ways to form additional embodiments, all of which fall within the scope of the present
disclosure. Also, the separation of various system components in the implementations
described above should not be understood as requiring such separation in all implementations,
and 1t should be understood that the described components and systems can generally be
mtegrated together in a single product or packaged into multiple products.

{1357} For purposes of this disclosure, certain aspects, advantages, and novel
features are described herein. Not necessarily all such advantages may be achieved in

accordance with any particular embodiment. Thus, for example, those skilled in the art will
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recognize that the disclosure may be embodied or carried out in a manner that achieves one
advantage or a group of advantages as taught herein without necessarily achieving other
advaniages as may be taught or suggested herein.

{1358} Conditional language used herein, such as, among others, “can,” “could,”

RIS

“might,” “may,” “e.g.,” and the like, unless specifically siated otherwise, or otherwise
understood within the context as used, is generally intended to convey that certain
embodiments include, while other embodiments do not include, certain features, elements
and/or steps. Thus, such conditional language is not generally intended to imply that features,
elements and/or steps are in any way required for one or more embodiments or that one or
more embodiments necessarily include logic for deciding, with or without other input or
prompting, whether these features, elements and/or steps are included or are to be performed
in any particular embodiment. The terms “comprising,” “including,” “having,” and the like are
synonymous and are used inclusively, in an open-ended fashion, and do not exclude additional
elements, features, acts, operations, and so forth. Also, the term “or” 15 used n its inclusive
sense {and not in its exclusive sense) so that when used, for example, to connect a list of
elements, the term “or” means one, some, or all of the elements in the list.

(1359} Conjunctive language such as the phrase “at least one of X, Y, and 2.7
unless specifically stated otherwise, is otherwise understood with the context as used 1n general
to convey that an item, term, etc. may be either X, Y, or Z. Thus, such conjunctive language is
not generally intended to 1mply that certain embodiments require the presence of at least one
of X, at least one of Y, and at least one of Z.

{1368} Language of degree used herein, such as the terms “approximately,”

2 <

“about,” “generally,” and “substantially” as used herein represent a value, amount, or
characteristic close to the stated value, amount, or characteristic that still performs a desired
function or achieves a desired result. For example, the terms “approximately”, “about”,
“generally,” and “substantially” may refer to an amount that is within less than 10% of, within
less than 5% of, within less than 1% of, within less than 0.1% of, and within less than 0.01%
of the stated amount. As another example, in certain embodiments, the terms “generally
parallel” and “substantially parallel” refer to a value, amount, or characteristic that departs
from exactly parallel by less than or equal to 15 degrees, 10 degrees, 5 degrees, 3 degrees, 1

degree, 0.1 degree, or otherwise.
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[1361] Any methods disclosed herein need not be performed in the order recited.
The methods disclosed herein include certain actions taken by a practitioner; however, they
can also include any third-party instruction of those actions, either expressly or by imphication.
For example, actions such as “controlling a motor speed” include “instructing controlling of a
motor speed.”

{1362} All of the methods and tasks described herein may be performed and fully
automated by a computer system. The computer system may, in some cases, include multiple
distinct computers or computing devices (for example, physical servers, workstations, storage
arrays, cloud computing resources, etc.) that communicate and interoperate over a network to
perform the described functions. Each such computing device typically includes a processor
{or multiple processors) that executes program instructions or modules stored in a memory or
other non-transitory computer-readable storage medium or device {for example, solid state
storage devices, disk drives, etc.). The various functions disclosed herein may be embodied in
such program nstructions, and/or may be implemented in application-specific circuitry (for
example, ASICs or FPGAs) of the computer system. Where the computer system includes
multiple computing devices, these devices may, but need not, be co-located. The results of the
disclosed methods and tasks may be persistently stored by transforming physical storage
devices, such as solid state memory chips and/or magnetic disks, into a different state. In some
embodiments, the computer system may be a cloud-based computing system whose processing
resources are shared by multiple distinct business entities or other users.

[1363] The scope of the present disclosure 13 not mtended to be limited by the
specific disclosures of preferred embodiments i this section or elsewhere 1 this specification,
and may be defined by claims as presented in this section or elsewhere 1n this specification or
as presented in the future. The language of the claims 1s to be interpreted broadly based on the
language employed 1o the claims and not lunuted to the examples described 1n the present
specification or during the prosecution of the application, which examples are to be construed

as non-exclusive.
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WHAT IS CLAIMED IS:
I. A huamidifier system configured to deliver a flow of gases to a user, the humidifier
system comprising;
a hundifier configured to heat and humidify the gases;
a conduit configured to transport the gases from the hurmidifier to the user;
at least one sensor configured to output at least one sensor signal based on an
amount of moisture present in a component of the system; and
a controller configured to control operation of the humidifier, wherein the
controller is fusther configured to:
determine at least one value indicative of the amount of moisture present
in the component based at least in part on the at least one sensor signal, and
execute one or more moisture management responses based on the at
least one value indicative of the amount of moisture present in the component.

2. The humidifier system of Claim 1, wherein the conduit further comprises at least a
first electrically conductive element and a second electrically conductive element, the at least
one sensor signal comprising a signal generated using one or more of the at least first and
second electrically conductive elements.

3. The humidifier system of Claims 2, wherein the at least one signal is indicative of
a capacitance between the first electrically conductive element and the second electrically
conductive element.

4. The humidifier system of any of Claims 2-3, wherein the at least one signal is
ndicative of a change in capacitance between the first electrically conductive element and the
second electrically conductive element.

5. The humidifier system of any of Claims 2-4, wherein the first electrically
conductive element and the second electrically conductive element are separated by a distance
configured to allow for a capacitive charge to be sensed between the first electrically
conductive element and the second electrically conductive element,

6. Thehumidifier system of any of Claims 2-5, further comprising a dieleciric material
located between the first electrically conductive element and the second electrically conductive

element.
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7. The humidifier system of any of Claims 2-6, wherein the controller is configured

to determine the at least one value indicative of moisture based on a comparison of a
measurement of the first electrically conductive element and/or the second electrically
conductive element.

8. The humdifier system of any of Claims 2-7, wherein the at least one signal 1s
indicative of a temperature of the first electrically conductive element or the second electrically
conductive element.

9. The humidifier system of any of Claims 2-8, wherein the at least one signal is
indicative of a change in temperature of the first electrically conductive element or the second
electrically conductive element.

10. The hum:difier system of any of Claums 2-8, wherein the at least one signal is
indicative of a thermal conductivity of a medium between the first electrically conductive
element and the second electrically conductive element, or the at least one signal s indicative
of a thermal conductivity of a medium proximal to the first electrically conductive element or
the second electrically conductive element.

11. The humidifier system of any of Claims 2-10, wherein the at least one signal 1s
mdicative of a resistance of the first electrically conductive element or the second electrically
conductive element.

12 The hunudifier system of any of Claims 2-11, wherein the first electrically
conductive element or the second electrically conductive element comprise at least two
portions that are electrically disconnected from one another.

13. A humudifier system configured to deliver a flow of gases to a user, the homidifier
SYstem comprising

a humidifier configured to heat and bumidify the gases;
at least one sensor configured to output at least one sensor signal based on an
amount of moisture and/or humidity present in a component of the system; and
a controtler configured to control operation of the humidifier, wherein the
controller is further configured to:
determine a value indicative of the amount of moisture and/or humidity

present in the component based on the at least one sensor signal, and
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determine a humidity of the flow of gases based on the value indicative
of the amount of moisture and/or humidity present in the component.

14. The humidifier system of Claims 13, wherein the conduit further comprises at least
a first electrically conductive element and a second electrically conductive element, the at least
one sensor signal comprising a signal generated using one or more of the at least first and
second electrically conductive elements.

15. The humdifier system of Claims 14, wherein the at least one signal 1s indicative of
a capacitance between the first electrically conductive element and the second electrically
conductive element.

16. The humidifier system of any of Claims 14-15, wherein the at least one signal 1s
indicative of a change in capacitance between the first electrically conductive element and the
second electrically conductive element.

17. The humidifier system of any of Claims 14-16, wherein the first electrically
conductive element and the second electrically conductive element are separated by a distance
configured to allow for a capacitive charge o be sensed between the first electrically
conductive element and the second electrically conductive element.

18. The humudifier system of any of Claims 14-17, further comprising a dielectric
material located between the first electrically conductive element and the second electrically
conductive element.

19. The humidifier system of Claim 18, wherein the dielectric matenial 1s vapor or
liquid permeable.

20. The humidifier system of Claim 19, wheremn the vapor permeable dielectric
material allows evaporation of water to ambient air while inhubiting passage of liquid water
and breathing gases to ambient air

21. The humidifier system of any of Claims 14-20, wherein the controller ts configured
to determine the at least one value indicative of moisture based on a comparison of a
measurement of the first electrically conductive element and/or the second electrically
conduciive element.

22. A hunudifier system configured to deliver a flow of gases to a user, the humidifier
system comprising;

a humidifier configured to heat and humidify the gases;
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a first sensor associated with a first location, the first sensor configured to
output at least one first sensor signal based on an amount of moisture present at the first
location;

a second sensor associated with a second location, the second sensor configured
to output at least one second sensor signal based on an amount of moisture present at
the second location; and

a controller configured to control operation of the humidifier, wherein the
controller 1s further configured to determine:

a first value indicative of an amount of humidity and/or moisture present
at the first location based on a first sensor signal, and

a second value indicative of the amount of humidity and/or moisture
present at the second location based on a second sensor.

23. The humidifier system of Claim 22, wherein the first location is associated with a
first component of the system.

24. The humidifier system of Claim 22 or 23, wherein the second location is associated
with a second component of the system.

25. The humidifier system of Claim 23 or 24, wherein the fust and/or second
components comprise at least one off

a conduit;

a portion of the conduit;

a connector;

a portion of a chamber that 15 exposed to the flow of gases; and/or

a patient interface.

26. The humudifier system of Claim 25, wherein the connector comprises one or more
adapters.

27. The homidifier system of Claim 25 or 26, wherein the connector connects two
conduits or is a wye piece that connects an inspiratory conduit, an expiratory conduit, and a
patient interface supply conduit.

28. The humidifier system of any of Claims 22-27, wherein the first location is

apstream of the second location during normal operation of the system.
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29. The humidifier system of any of Claims 22-28, wherein the controller is configured
to determine that no flow and/or a flow rate below a threshold is occurring in the system by:
detecting a first predetermined amount moisture at the first location; and
a predetermined time period after detecting the predetermined amount of
moisture at the first location, determining that a second predetermined amount of
moisture 18 not detected at a second location.

30. The humidifier system of any of Claims 22-29, wherein the controller is configured
to determine that a flow rate of the gases is in a range based on readings from a first temperature
sensor at the first location and a second temperature sensor at the second location in response
to detecting the first predetermined amount of moisture at the first location and not detecting
the second predetermined amount of moisture at the second location a predetermined time
pertod after detecting the predetermined amount of moisture at the first focation.

31. The humidifier system of Claim 30, wherein the first temperature sensor is located
at a chamber outlet of the hunudifier.

32 The hum:difier system of Claim 30 or 31, wherein the second temperature sensor
is focated at or near a patient end of an mspiratory conduit or a distal end of a patient supply
conduit configured to transport the gases from the humidifier to the user.

33. The humidifier system of any of Claims 22-32, wherein the controller 1s configured
to determine that the flow direction is correct in response to the moisture at an upstream
location being greater than the moisture at a dowustream location.

34, The humidifier system of any of Claims 22-33, wherein the controller ts configured
to determine that the flow direction is mcorrect in response to the moisture at an upstream
focation being less than the moisture at a downstream location,

35, The humudifier systemn of Claim 33 or 34, wherein an mspiratory conduit comprises
the upstream location.

36. The humidifier system of any of Claims 33-35, wherein a conduit positioned
between the gases source and the humidifier comprises the downstream location.

37. The humidifier system of any of Claims 22-36, comprising a third sensor associated
with a third location of the sysiem, wherein the third sensor is configured to output at least one

third sensor signal based on an amount of moisture present at the third location.
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38 The third location of Claim 37, wherein the third location ts upstream of the first
location and the second location.

39 The humidifier system of any of Claims 37-38, wherein the first location is at an
mspiratory conduit.

40. The humidifier system of any of Claims 37-39, wherein the third location is at an
expiratory conduit.

41. The humidifier system of any of Claims 37-40, wherein the second location is at a
chamber inlet of a hunmidification chamber.

42, The humdifier system of any of Claims 37-41, wherein the controller is configured
to determine a flow direction based on a direction of the moisture detected from the humidifier,
wherein the controller is configured to detect a reverse flow condition in response to moisture
being detected in a component upstream of the humidifier when correctly connected.

43, A humidifier system useable in a gases supply system, the humidifier system
comprising:

a humidifier configured to heat and humidify the gases;
a conduit configured to transport the gases from the hunudifier to the user, the
conduit further comprising:
a first efectrically conductive element; and
a second electrically conductive element; and
a controller configured to monitor capacitance and/or capacitance change of a
capacttor formed between the first electrically conductive element and the second
electrically conductive element to detect presence of skin in ¢lose viemity or contact
with the condunt.

44, The humudification system of Claim 43, wheremn monitoring the capacitance and/or
capacttance change comprises measuring a time constant, a resonant frequency, a change in a
time constant, or a4 change 10 a resonant frequency of the capacitor formed between the first
electrically conductive element and the second electrically conductive element.

45, The humidification system of Claim 43 or 44, wherein the controller is configured
to detect a change in permittivity of the capacitor based on the monitored capacitance and/or

capaciiance change.
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46, The humidification system of any of Claims 43-45, wherein the controller s
configured to compare the detected change in permitiivity with one or more permitiivity
thresholds.

47. The humidification system of Claim 406, wherein the coniroller is configured to
detect the presence of skin in close vicimity or contact with the conduit in response to the
detected change in permittivity exceeding the one or more permiitivity thresholds.

48. The humidification system of any of Claims 43-47, wherein the controller is
configured to cutput an alarm n response to detecting the presence of skin in close vicinity or
contact with the conduit.

49. The humidification system of Claim 48, wherein the controller is configured to
output the alarm in response to detecting the presence of skin in close vicinity or contact with
the conduit continuously or intermittently for a predefined duration.

50. The humidification system of Claim 49, wherein the predefined duration 15 variable
based on an expected conduit surface temperature.

51. The humidifier system of any of Claims 43-50, wherein the conduit comprises a
dielectric material between the first electrically conductive element and the second electrically
conductive element.

52. The humidifier system of any of Claims 43-51, wheremn the first electrically
conductive element and the second electrically conductive element are spirally wound about
at least a length of the conduit.

53, The humidifier system of any of Claims 43-52, wherein the fust electrically
conductive element and the second electrically conductive element are spirally wound within,
through, or around the conduit.

54. The humidifier system of any of Claims 43-53, wherein the first electrically
conductive element and the second electrically conductive element form part of conduit walls.

55. The humidifier system of any of Claims 43-34, wherein the first electrically
conduoctive element 15 a sensing wire.

56. The humidifier system of any of Claims 43-55, wherein the first elecirically
conductive element is a heater wire.

57. The humidifier system of any of Claims 43-56, wherein the second electrically

conductive element is a sensing wire.
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58 The homidifier system of any of Claims 43-57, wherein the second electrically
conductive element is a heater wire.

59. The humidifier system of any of Claims 43-58, wherein the first electrically
conductive element and the second electrically conductive element are separated by a distance
configured to allow for a capacitive charge to be sensed beiween the first electrically
conductive element and the second electrically conductive element.

60. The humidifier system of any of Claims 43-59, wherein the first electrically
conductive element or the second electrically conductive element comprise at least two
portions that are electrically disconnected from one another.

61. The hunmudifier system of Claim 60, wherein the at least two portions are in series
with one another.

62. The humidifier system of Claim 60, wherein the at least two portions are in parallel
with one another.

03. A method of determining a condition of a medical bumidifier configured to provide
gases to a patient, the method comprising;

reducing power to a heater wire of a breathing tube coupled to the medical
humidifier, wherein the medical humidifier comprises a heater plate and a temperature
based flow sensor;

measuring a condensate metric;

determining whether the measured condensate metric satisfies an expected
condensate metric; and

outputting the condition of the medical hunmudifier {0 a controller of the medical
humidifier in response to the measured condensate metric not satisfying the expected
condensate metric, wherein outputting the condition of the medical homidifier
comprises disregarding reading from the temperature based flow sensor for control of
the medical humidifier.

64. The method of Claim 63, wherein determining whether the measured condensate
metric satisfies the expected condensate metric comprises comparing a condensate level in the

breathing tube to a predetermined threshold.
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65. The method of Claim 64, wherein the measured condensate metric not satisfying
the expected condensate metric comprises the condensate level in the breathing tube being
greater than the predetermined threshold.

66. The method of any of Claims 63-65, wherein outputting the condition of the
medical humidifier further comprises disabling the temperature based flow sensor.

67. The method of any of Claims 63-66, wherein reducing power to the heater wire
comprises disabling power to the heater wire,

68. The method of any of Claims 63-67, wherein outputting the condition of the
medical humidifier includes implementing an alternative method to determine a value
indicative of a flow rate of the gases.

69. The method of any of Claims 63-68, wherein the alternative method comprises an
algorithmic method that does not require further input from sensors.

70. The method of any of Claims 63-69, wherein outputting the condition of the
medical humidifier includes adjusting a setting of the medical humidifier to be displayed on a
user interface of the medical humidifier.

71. The method of Claim 70, wherein adjusting the setting of the medical humidifier
inciudes at least one of:

adjusting PID coefficients;
increasing a control loop timing; and/or
applying a maximum increase in a setpoint of the heater plate,

72. The method of any of Claims 63-69, wherein the condition 1s a Heliox mode.

73. The method of any of Claims 63-69, wherein outputting the condition of the
medical humidifier comprises determining a gases source type.

74, The method of any of Claims 63-73, wherein the power 1o the heater wire of the
breathing tube 1s reduced or disabled for a predetermined period of time.

75. The method of any of Claims 63-74, further comprising removing condensate
formed due to reducing power to the heater wire.

76. A method of determining a condition of a medical humidifier configured to provide
gases 10 a patient, the method comprising:

reducing power to a heater wire of a breathing tube coupled to the medical

humidifier, wherein the medical humidifier comprises a heater plate;
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measuring a condensate metric;

determining whether the measured condensate metric satisfies an expected
condensate metric; and

outputiing the condition of the medical humidifier to a controller of the medical
humidifier in response 1o the measured condensate metric not satisfying the expected
condensate metric.

77. The method of Claim 76, wherein reducing the power to the heater wire of the
breathing tube comprises disabling the power to the heater wire.

78. The method of Claim 76, wherein the power to the heater wire of the breathing tube
is reduced for a predetermined period of time.

79. The method of any of Claim 76-78, wherein determining whether the measured
condensate metric satisfies the expected condensate metric comprises comparing a condensate
level in the breathing tube to a predetermined threshold.

R0. The method of Claim 79, wherein the measured condensate metric not satisfying
the expected condensate metric comprises the condensate level in the breathing tube being
greater than the predetermined threshold.

81. The method of Claim 79, wherein the measured condensate metric not satisfying
the expected condensate metric comprises the condensate level in the breathing tube being less
than the predetermined threshold.

82. The method of Clanm 81, wherein the condition comprises a reverse flow condition.

83. The method of Claim 82, wherein the measured condensate metric not satisfying
the expected condensate metric comprises a condensate level of a drvline connected to the
medical humidifier and a gases source is greater than a condensate level of the breathing tube.

84 The method of Claim 81, wherein outputting the condition further comprises
outputting a reverse flow alarm.

85. The method of Claim 82, wherein the condition comprises the medical hamudifier
having just started up or 1s malfunctioning,

86. The method of any of Claims 76-79, wherein the condition of the medical
humidifier includes no presence of flow or water out.

87. The method of Claim 86, further comprising confirming the determination by

performing a flow test or a water out test.
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88. The method of any of Claims 76-87, further comprising indicating the condition to
the patient in an audio or visual message.

89. The method of any of Claims 76-81, wherein the measured condensate metric not
satisfying the expected condensate metric comprises a duration of time to dry condensation in
the breathing tube being greater than a predetermined threshold duration of time.

90. The method of Claim &9, wherein in response to the duration of time to dry
condensation in the breathing tube being greater than a predetermined threshold duration of
time, outputting the condition comprising the breathing tube being covered.

91. The method of any of Claims 76-81, wherein measuring a condensate metric
comprises measuring a first condensate metric in a first section of an nspiratory limb and a
second condensate metric in a second section of the inspiratory limb;

wherein determining whether the measured condensate metric satisfies an
expected condensate metric comprises comparing the first condensate metric of the first
section of the inspiratory limb and the second condensate metric of the second section
of the inspiratory limb,

wherein the condition comprises an incubator being used with the medical
humidifier.

92. The method of Claim 91, wherein the incubator 1s determined to be used in response
to the first condensate metric of the first section being greater than the second condensate
metric of the second section.

93. The method of any one of Claims 91-92, wherein the first condensate metric and
the second condensate metric each correspond to a presence of condensation.

94. The method of Claim 93, wherein the presence of condensation i the first section
of the mspiratory Hmb and no presence of condensation 1n the second section of the inspiratory
linb 18 indicative of the incubator being n use.

95. The method of any of Claims 91-94, {further comprising decreasing power delivered
to the heater wire at the second section of the mspiratory limb when the incubator 15 used.

96. The method of any of Claims 91-95, further comprising increasing power delivered
to the heater wire at the first section of the inspiratory limb when the incubator 15 used.

97. The method of any of Claims 76-81, wherein the condition is an orientation of the

breathing tube.
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98. The method of Claim 97, wherein the measured condensate metric not satisfying
the expected condensate metric comprises the measured condensate metric at a patient end of
the breathing tube being greater than the measured condensate metric at an outlet of a
humidification chamber of the medical humidifier.

99. The method of Claim 97 or 98, wherein the measured condensate metric not
satisfying the expected condensate metric comprises the measured condensate metric at the
patient end being greater than the measured condensate metric at a region between the patient
end and the outlet.

100.  The method of any of Claims 76-99, further comprising removing condensate
formed by reducing power to the heater wire.

101, A method to determine a condition of a humidifier configured to provide gases
1o a patient, the method comprising:

determining a startup condition;

reducing power to a heater plate of a medical humidifier coupled to a breathing
tube and comprising a heater plate;

determining whether a measured condensate metric satisfies an expected
condensate metric; and

outputiing the condition of the humidifier to a controlier of the humidifier based
on whether the measured condensate metric does not satisfy the expected condensate
metric,

102, The method of Claim 101, wherein the startup condition comprises determining
a duration of time for which the homidifier has been powered on and determining the duration
of time mdicating the humidifier has just turned on.

103.  The method of Claim 101 or 102, further comprising resuming a state or normal
control n response to the measured condensate metric satisfying the expected condensate
metric.

104, The method of any of Claims 101-103, wherein the condition includes an alarm
that the breathing tube is contaminated.

105, The method of any one of Claims 101-104, wherein the humidifier just been

powered on.
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106.  The method of any of Claims 101-105, further comprising powering off the
heater plate and ensuring the heater plate s at a substantially cool temperature.

107. The method of any of Claims 101-106, further comprising raising a circuit
moisture alarm when condensate s detected.

108. A method of controlling power to a heating element of an inspiratory tube
coupled to a humidifier of a humidifier system, the method comprising:

measuring a condensate metric of the humidifier system;

determining whether the measured condensate metric satisfies an expected
condensate metric; and

controlling power to the heating element based on at least whether the measured
condensate metric satisfies the expected condensate metric.

109. The method of Claim 108 wherein determining whether the measured
condensate metric satisfies the expected condensate metric comprises detecting whether the
measured condensate metric is greater than a predetermined threshold.

110.  The method of Claim 109, further comprising increasing power to the heating
element in response to the measured condensate metric being greater than the predetermined
threshold.

111, The method of Claim 109 or 110, further comprising decreasing power to the
heating element in response to the measured condensate metric being less than the
predetermined threshold.

112, The method of Claim 108, further comprising deternuning whether a power to
the heating element 1s at a maximum,

113, The method of Claim 112, further comprising reducing a setpoint of a heater
plate of the humidifier of the humudifier system when the power to the heating element 15 at
the maximum.

114, The method of Claim 113, wherein reducing a setpoint of the heater plate 1
further based on deternuning that the measured condensate satisfies the expected condensate
metric.

115, The method of any of claims 108-114, wherein the inspiratory tube is sensorless

at a patient end.
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116, The method of any of Claims 108-115, wherein whether the measured
condensate metric satisfies the expected condensate metric 13 determined without an input from
the sensor located at the patient end.

117.  The method of any of Claims 108-116, wherein the humidifier system is
sensoriess at an outlet of a humidification chamber of the system.

118, A humidifier system configured to deliver a flow of gases o a user, the
humidifier system comprising:

a humidifier configured to heat and humidify the gases;
at least one sensor configured to output at least one sensor signal based on an
amount of moisture present in a component of the system; and
a controller configured to control operation of the humidifier, wherein the
controller 1s further configured to:
determine at least one value indicative of the amount of moisture present
in the component based at least in part on the at least one sensor signal, and
execute one or more moisture management responses based on the at

least one value indicative of the amount of moisture present in the component.



