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SUPPLEMENTARY GAS SOURCE DETECTION AND RELATED APPARATUSES AND
METHODS

FIELD OF THE INVENTION

[0001] The present invention relates to apparatuses and methods for use in the
delivery of a flow of gas, and particularly but not solely to apparatuses and methods for
detection of a supplemental gases source, such as in a respiratory support system, such
as a respiratory humidification system or a high flow support system.

BACKGROUND

[0002] Respiratory apparatuses are used in various environments such as in
hospitals or other medical facilities, residential care facilities, or home environments.
These respiratory apparatuses may be used to deliver a gas flow to a person, such as for
use in breathing assistance.

[0003] Such a respiratory apparatus may provide control over characteristics of the
gases flow, including characteristics such as flow rate, temperature, gas concentration,
such as oxygen concentration, humidity, or pressure.

[0004] Some respiratory therapy apparatuses may provide for forms of closed loop
control, where the device operates to provide a desired output gases characteristic or
characteristics. For example, the operation of such a closed loop control regime may be
the result of setting a target output gas oxygen concentration or a target blood oxygen
concentration of a patient.

[0005] Such closed loop control regimes may allow less physician interaction in
order to provide the desired therapy. However, such devices may be reliant on the
connection and supply of a high pressure gases source.

SUMMARY

[0006] Disclosed are apparatuses and methods for gas source detection and related
apparatuses and methods.

[0007] According to a first aspect, the present disclosure provides a device for
delivery of a flow of gases, the device comprising

a first inlet for receiving a gases flow from a first gases source,

a second inlet for connection of a supplemental gases source,
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a valve in fluid communication with the second inlet and operable to control
a flow of gases to the device by the second inlet,

a gases composition sensor, and

a controller to detect the connection of a supplemental gases source to the
second inlet, wherein the controller is configured to detect connection by:

pulsing the valve from a closed condition to an open condition for a first
predetermined time period;

receiving a gases composition reading from the gases composition sensor,
and

comparing the gases composition reading to a predetermined threshold, and
determine that a supplemental gases source is connected at the second inlet if the
reading exceeds the predetermined threshold.
[0008] The predetermined threshold is a threshold of gas composition.

[0009] The predetermined threshold is a threshold of a concentration of one or
more target gas species in the gases flow.

[0010] The target gas species is a gas species of the supplemental gases.

[0011] The target gas species is a gas species of both the supplemental gases and
the gases of the first gases source.

[0012] The target gas species is oxygen.

[0013] The gases composition sensor measures an oxygen concentration in a gases
flow past the gases composition sensor.

[0014] The predetermined threshold is a threshold of oxygen composition of the
gases flow.

[0015] The predetermined threshold is a threshold of oxygen composition of the
gases flow in excess of an ambient air oxygen concentration.

[0016] The threshold of oxygen composition is a composition of about 21%.
[0017] The threshold of oxygen composition is a composition of about 25%.
[0018] The threshold of oxygen composition is a composition of about 35%.
[0019] The controller is configured to monitor an oxygen concentration from the

gases composition sensor outside of the detection of the connection of a supplemental
gases source to the second inlet, and the controller triggers an alarm if the sensed
oxygen concentration exceeds 25%.
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[0020] The controller is configured to prevent the commencement of the detection
of the connection of a supplemental gases source to the second inlet if the sensed
oxygen concentration exceeds 25%.

[0021] The gases composition sensor is located downstream of the second inlet.

[0022] The gases composition sensor is located downstream of both the first inlet
and the second inlet.

[0023] If the reading does not exceed the predetermined threshold, the controller
determines that there is no supplemental gas flow.

[0024] The fault condition is associated with either or both of a) a fault of the valve,
and b) a lack of connection of a supplemental gases source at the second inlet.

[0025] If the controller determines the existence of the fault condition the controller
triggers an alarm.

[0026] If the controller determines the existence of the fault condition the controller
continues to attempt to detect the connection of a supplemental gases source.

[0027] The detection is repeated until either a) the controller determines that a
supplemental gases source is connected at the second inlet, or b) controller receives an
input to stop.

[0028] The detection is repeated at a predetermined rate until either condition (a)
or condition (b) is satisfied.

[0029] The detection is completed when either a) the controller determines that a
supplemental gases source is connected at the second inlet, or b) a user intervenes.

[0030] The comparing of the reading to the predetermined threshold occurs within a
threshold time limit.

[0031] The comparison of the reading to the predetermined threshold occurs after a
threshold time limit.

[0032] The threshold time limit is a time subsequent to the pulsing of the valve.
[0033] The threshold time limit is a time beginning at the pulsing of the valve.

[0034] The threshold time limit is a time such as to allow for a mixing of a gases
flow from the first inlet and the second inlet.

[0035] The threshold time limit is a time such as to allow supplemental gases
introduced into the device by the pulsing of the valve to reach the gases composition
sensor.

[0036] The threshold time limit is dependent on a gases flow rate between the first
inlet and second inlet and the gases composition sensor.
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[0037] The threshold time limit is selected from a time of about 1 s to about 30 s.
[0038] The threshold time limit is approximately 5 s.

[0039] The device comprises a gases mixer to mix inlet gases, and the gases mixer
is positioned upstream of the gases composition sensor and downstream of the first inlet
and second inlet.

[0040] The device is or comprises a flow generator for generating a flow of gases
from the inlets to an outlet.

[0041] The flow generator comprises a blower.
[0042] A or the gases mixer is comprised by the blower.

[0043] The controller operates the flow generator at or above a minimum flow
condition as a precursor for the initiation of the detection of the connection of a
supplemental gases source to the second inlet.

[0044] The controller operates the blower at or above the minimum flow condition
until the detection is completed.

[0045] The controller operates the blower at or above the minimum flow condition
subsequent to the completion of the detection.

[0046] The controller operates the blower at or above the minimum flow condition
subsequent to the completion of the detection for a time suitable to substantially
completely purge gases contained within the device at the completion of the detection.

[0047] The time is dependent on the predetermined flow condition.
[0048] The time is from about 5 s to about 60 s.

[0049] The time is approximately 30 s.

[0050] The valve is a proportional valve.

[0051] The valve is biased to a closed condition.

[0052] The pulsing of the valve comprises an opening of the valve from a closed
condition to an open condition and back to a closed condition.

[0053] The pulsing of the valve by the controller comprises an opening of the valve
for the first predetermined time period.

[0054] The pulsing of the valve by the controller comprises an opening of the valve
and closing of the valve within the first predetermined time period.

[0055] The pulsing of the valve comprises a substantially complete opening of the
valve.
[0056] The pulsing of the valve comprises a substantially complete closing of the

valve.
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[0057] The pulsing of the valve maximises the duration at which the valve is in its
open condition.

[0058] The first predetermined time period is from about 10 ms to about 1 s.
[0059] The first predetermined time period is approximately 350 ms.

[0060] The controller monitors the current to the valve during the pulsing of the
valve as an indicator of valve operation.

[0061] The controller operates to detect the connection of a supplemental gases
source at the second inlet upon receipt of an instruction from a user to use the
supplemental gases source.

[0062] The controller operates to detect the connection of a supplemental gases
source at the second inlet upon receipt of an instructed operation of the device from a
user, the instructed operation being dependent on the use of the supplemental gases
source.

[0063] The controller operates to detect the connection of a supplemental gases
source at the second inlet upon receipt an input from a user of a target oxygen
concentration in excess of an ambient oxygen concentration.

[0064] The controller operates the detection upon the setting of the target oxygen
concentration in excess of 21%.

[0065] The device comprises a patient blood oxygen sensor for sensing a blood
oxygen concentration of the patient.

[0066] The controller receives an input from a patient blood oxygen sensor.

[0067] The controller operates the detection upon an operation of the device to a
closed loop gas control mode.

[0068] The closed loop gas control mode comprises closed loop oxygen control, the
controller receives a target blood oxygen concentration and dependent on this target
operates at least the second inlet valve to control the oxygen concentration of gases
delivered by the device.

[0069] The controller is configured to disable a or the closed loop gas control mode
for a third predetermined time after the completion of the detection.

[0070] The third predetermined time is a time such as to substantially completely
purge gases contained within the device at the completion of the detection.

[0071] The third predetermined time is from about 5 s to about 120 s.
[0072] The third predetermined time is approximately 60 s.

[0073] The device comprises a pressure sensor associated with the second inlet,
and a signal from the pressure sensor is indicative of the connection of a supplemental
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gases source at the second inlet, such that the controller can alternatively detect the
connection of a supplemental gases source to the second inlet a) by a sensed pressure
exceeding a threshold pressure, and b) independently of a pulsing of the valve.

[0074] The threshold pressure is ambient pressure.

[0075] The threshold pressure is a reference value which is greater than an ambient
pressure.

[0076] The pressure sensor is located upstream of the valve of the second inlet.
[0077] The pressure sensor is located upstream of the valve of the second inlet and

a or the blower.

[0078] The controller operates the alternative detection substantially continuously
independent of an operational mode of the device.

[0079] The controller operates the alternative detection independently of a delivery
of therapy by the device.

[0080] The pressure sensor is located downstream of the valve of the second inlet.
[0081] The supplemental gases source is a pressurised gas source.
[0082] The device comprises a gases flow sensor, and the controller is configured to

detect the connection of a supplemental gases source at the second inlet:

a) by an increase in sensed flow above a threshold subsequent to and within
a fourth predetermined time of the pulsing of the valve by the controller, and

b) independent of the reading or comparison of a signal from the gases
composition sensor.

[0083] The first inlet is an ambient air inlet.

[0084] The first gases source is an ambient air source.

[0085] The second inlet is an oxygen inlet.

[0086] The second inlet is a high pressure oxygen inlet.

[0087] The supplemental gases source is a pressurised gases source.

[0088] The supplemental gases source is an oxygen source.

[0089] The device is a respiratory support device for providing a flow of gases to a
patient.
[0090] The respiratory support device comprises a housing that receives a or the

flow generator and a respiratory humidifier.

[0091] The respiratory support device comprises a or the flow generator, and the
flow generator is for use with a respiratory humidifier.
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[0092] The gases composition sensor comprises an ultrasonic transducer sensor.
[0093] According to another aspect, the present disclosure provides a method of

detecting the connection of a supplemental gases source to a respiratory therapy
device for the delivery of a flow of gases to a patient, the respiratory therapy device
comprising a first inlet for receiving a gases flow from a first gases source, a second inlet
for connection of a supplemental gases source, a valve in fluid communication with the
second inlet and operable to control the introduction of gases to the device by second
inlet, a gases composition sensor, the method comprising

automatically pulsing the valve at least once from a closed condition to an
open condition and back to a closed condition, pulsing occurring within a first
predetermined time period,

sensing a gases composition with the gases composition sensor and
generating a signal reading based on the sensed gas composition,

automatically receiving the signal reading generated by the gas composition
sensor and comparing the gases composition reading to a predetermined threshold of
gases composition,

autonomously determining that a supplemental gases source is connected at
the second inlet if the gases composition reading exceeds the predetermined threshold,
and

automatically generating a command signal in response to the

determination.

[0094] The command signal is indicative that a supplemental gases source is
connected at the second inlet.

[0095] The predetermined threshold is a threshold of a concentration of one or
more gas species in the gases flow.

[0096] The target gas species is a gas species of the supplemental gases.

[0097] The target gas species is a gas species of both the supplemental gases and
the gases of the first gases source.

[0098] The target gas species is oxygen.

[0099] The gases composition sensor measures an oxygen concentration in a gases
flow past the gases composition sensor.

[00100] The predetermined threshold is a threshold of oxygen composition of the
gases flow.

[00101] The predetermined threshold is a threshold of oxygen composition of the
gases flow in excess of an ambient air oxygen concentration.
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[00102] The threshold of oxygen composition is a composition of about 21%.
[00103] The threshold of oxygen composition is a composition of about 25%.
[00104] The threshold of oxygen composition is a composition of about 35%.
[00105] The gases composition sensor is located downstream of the second inlet.

[00106] The gases composition sensor is located downstream of both the first inlet
and the second inlet.

[00107] The respiratory therapy device comprises a gases mixer to mix inlet gases,
and the gases mixer is positioned upstream of the gases composition sensor and
downstream of the first inlet and second inlet.

[00108] The respiratory therapy device is or comprises a flow generator for
generating a flow of gases from the inlets to an outlet.

[00109] The flow generator comprises a blower.
[00110] A or the gases mixer is comprised by the blower.

[00111] The blower is operated at or above a minimum flow condition as a precursor
for the initiation of the detection of the connection of a supplemental gases source to the
second inlet.

[00112] The blower is operated at or above the minimum flow condition until the
detection is completed.

[00113] The blower is operated at or above the minimum flow condition subsequent
to the completion of the detection.

[00114] The blower is operated at or above the minimum flow condition subsequent
to the completion of the detection for a time suitable to substantially completely purge
gases contained within the device at the completion of the detection.

[00115] The time is dependent on the predetermined flow condition.
[00116] The time is from about 5 s to about 60 s.

[00117] The time is approximately 30 s.

[00118] The first inlet is an ambient air inlet.

[00119] The first gases source is an ambient air source.

[00120] The second inlet is an oxygen inlet.

[00121] The second inlet is a high pressure oxygen inlet.

[00122] The supplemental gases source is a pressurised gases source.

[00123] The supplemental gases source is an oxygen source.
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[00124] The respiratory support device comprises a housing that receives a or the
flow generator and a respiratory humidifier.

[00125] The respiratory support device comprises a or the flow generator, and the
flow generator is for use with a respiratory humidifier.

[00126] The gases composition sensor comprises an ultrasonic transducer sensor.

[00127] The comparing of the gases composition reading to the predetermined
threshold occurs within a threshold time limit.

[00128] The comparison of the gases composition reading to the predetermined
threshold occurs after a threshold time limit.

[00129] The threshold time limit is a time subsequent to the pulsing of the valve.
[00130] The threshold time limit is a time beginning at the pulsing of the valve.

[00131] The threshold time limit is a time such as to allow for a mixing of a gases
flow from the first inlet and the second inlet.

[00132] The threshold time limit is a time such as to allow supplemental gases
introduced into the device by the pulsing of the valve to reach the gases composition
sensor.

[00133] The threshold time limit is dependent on a gases flow rate between the first
inlet and second inlet and the gases composition sensor.

[00134] The threshold time limit is selected from a time of about 1 s to about 30 s.
[00135] The threshold time limit is approximately 5 s.

[00136] If the reading does not exceed the predetermined threshold, a determination
is made of a fault condition associated with the receipt of no supplemental gases from
the supplemental gases source by the device.

[00137] The fault condition is associated with either or both of a) a fault of the valve,
and b) a lack of connection of a supplemental gases source at the second inlet.

[00138] If the fault condition is determined to exist, an alarm is triggered.

[00139] If the fault condition is determined to exist, the detection for the connection
of a supplemental gases source is continued to be operated.

[00140] The detection is repeated until either a) it is determined that a supplemental
gases source is connected at the second inlet, or b) an intervention occurs.

[00141] The detection is repeated at a predetermined rate until either condition (a)
or condition (b) is satisfied.

[00142] The detection is completed when either a) it is determined that a
supplemental gases source is connected at the second inlet, or b) an intervention occurs.



WO 2021/048744 PCT/IB2020/058351
10

[00143] The valve is a proportional valve.

[00144] The valve is biased to a closed condition.

[00145] The first predetermined time period is from about 10 ms to about 1 s.
[00146] The first predetermined time period is approximately 350 ms.

[00147] Monitoring the current to the valve during the pulsing of the valve as an
indicator of valve operation.

[00148] Detecting the connection of a supplemental gases source at the second inlet
upon receipt of an instruction from a user to use the supplemental gases source.

[00149] Detecting the connection of a supplemental gases source at the second inlet
upon receipt of an instructed operation of the device, the instructed operation being
dependent on the use of the supplemental gases source.

[00150] Detection of the connection of a supplemental gases source at the second
inlet is conducted upon receipt an input of a target oxygen concentration in excess of an
ambient oxygen concentration.

[00151] Detection is conducted upon the setting of the target oxygen concentration
in excess of 21%.

[00152] The device comprises a patient blood oxygen sensor for sensing a blood
oxygen concentration of the patient.

[00153] The device receives an input from a patient blood oxygen sensor.

[00154] The detection is operated upon an operation of the device to a closed loop
gas control mode.

[00155] The closed loop gas control mode comprises closed loop oxygen control, the
method comprising the step of receiving a target blood oxygen concentration and
dependent on this target operating at least the second inlet valve to control the oxygen
concentration of gases delivered by the device.

[00156] A or the closed loop gas control mode is disabled for a third predetermined
time after the completion of the detection.

[00157] The third predetermined time is a time such as to substantially completely
purge gases contained within the device at the completion of the detection.

[00158] The third predetermined time is from about 5 s to about 120 s.
[00159] The third predetermined time is approximately 60 s.

[00160] The device comprises a pressure sensor associated with the second inlet,
and the method further comprises the step of monitoring a signal from the pressure
sensor, wherein a signal from the pressure sensor is indicative of the connection of a
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supplemental gases source at the second inlet, such that the connection of a
supplemental gases source to the second inlet can be determined upon sensing a of a
pressure exceeding a threshold pressure, and

wherein the alternative detection can be operated independent of a pulsing
of the valve and monitoring of a gases composition reading by the gases composition
sensor.

[00161] The threshold pressure is ambient pressure.

[00162] The threshold pressure is a reference value which is greater than an ambient
pressure.

[00163] The pressure sensor is located upstream of the valve of the second inlet.

[00164] The pressure sensor is located upstream of the valve of the second inlet and
a or the blower.

[00165] The alternative detection is operated substantially continuously independent
of an operational mode of the device.

[00166] The alternative detection is operated independently of a delivery of therapy
by the device.

[00167] The pressure sensor is located downstream of the valve of the second inlet.
[00168] The supplemental gases source is a pressurised gas source.

[00169] The device comprises a gases flow sensor, the detection of the connection of
a supplemental gases source at the second inlet is determined by:

a) an increase in sensed flow above a threshold subsequent to and within a
fourth predetermined time of the pulsing of the valve, and

b) independent of the reading or comparison of a signal from the gases
composition sensor.

[00170] According to another aspect, the present disclosure provides a device for
delivery of a flow of gases, the device operational in one or more therapy modes in
which therapy is delivered and one or more standby modes in which therapy is not
delivered, the device comprising

a first inlet for receiving a gases flow from a first gases source,

a second inlet for connection of a supplemental gases source,

a blower for generating a flow of gases from the inlets to an outlet of the
device,

a gases composition sensor located downstream of both the first inlet and
the second inlet, and
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a controller configured in the one or more therapy modes to control the
blower to deliver therapy and in the one or more standby modes to monitor a gas
composition reading from the gas composition sensor, wherein in the one or more
standby modes the controller is configured to:

monitor the gases composition sensor, and if a gases composition reading in
excess of a predetermined threshold is detected,

trigger an alarm indicative of the detection of supplemental gases in the
standby mode.

[00171] The supplemental gas is oxygen.

[00172] The first inlet is an ambient air inlet.

[00173] The first gases source is an ambient air source.

[00174] The second inlet is an oxygen inlet.

[00175] The second inlet is a high pressure oxygen inlet.

[00176] The supplemental gases source is a pressurised gases source.
[00177] The supplemental gases source is an oxygen source.

[00178] The predetermined threshold is a threshold of gas composition.

[00179] The predetermined threshold is a threshold of a concentration of one or
more target gas species in the gases flow.

[00180] The target gas species is a gas species of the supplemental gases.

[00181] The target gas species is a gas species of both the supplemental gases and
the gases of the first gases source.

[00182] The target gas species is oxygen.

[00183] The gases composition sensor measures an oxygen concentration in a gases
flow past the gases composition sensor.

[00184] The predetermined threshold is a threshold of oxygen composition of the
gases flow.

[00185] The predetermined threshold is a threshold of oxygen composition of the
gases flow in excess of an ambient air oxygen concentration.

[00186] The threshold of oxygen composition is a composition of about 21%.
[00187] The threshold of oxygen composition is a composition of about 25%.

[00188] The gases composition sensor measures an oxygen concentration in a gases
flow past the gases composition sensor.

[00189] The predetermined threshold comprises a predetermined oxygen
concentration level.
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[00190] The predetermined threshold is a concentration of about 21%.

[00191] The predetermined threshold is a concentration of about a sum of 21% and
a measurement error of the sensor expressed as a percentage.

[00192] The predetermined threshold is a concentration of about 22% to about 35%.
[00193] The controller deactivates the blower in the one or more standby modes.

[00194] Each of the one or more standby modes comprise a mode in which the
device is on but in which therapy is not delivered.

[00195] The alarm is indicative of the detection of a concentration of supplemental
gases in the standby mode in excess of a concentration of the supplemental gases in
gases from the first gases source.

[00196] The controller, upon detection of a gases composition reading in excess of
the predetermined threshold, operates the blower to an increased flow condition relative
to the minimum flow condition.

[00197] The increased flow condition comprises a flow rate of about 1 litre per
minute to about 4 litres per minute.

[00198] The increased flow condition comprises a flow rate of about 2 litres per
minute.

[00199] The controller, upon detection of a gas composition reading in excess of the
predetermined threshold, operates the blower to an increased speed relative to the
minimum speed.

[00200] The controller is configured such that, upon the triggering of an alarm
indicative of the detection of supplemental gases in the standby mode, the controller
continues to monitor the sensor for a gases composition reading.

[00201] If a gases composition reading below the predetermined threshold is
detected, the controller clears the alarm and continues monitoring of the sensor.

[00202] The gases composition reading below the predetermined threshold is a
concentration of about 1% to about 10% below the predetermined threshold.

[00203] The clearing of the alarm is associated with a reduction of the flow condition
and/or speed of the blower to the minimum flow condition or minimum speed
respectively.

[00204] The device comprises a third inlet for receiving a supplemental gases flow
from a supplemental gases source.

[00205] The supplemental gases source of the third inlet is a different source to the
supplemental gases source of the second inlet.
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[00206] The supplemental gas of the third inlet is the same supplemental gas as
supplied by the supplemental gas source of the second inlet.

[00207] The second inlet is for receiving a supplemental gases flow of higher
pressure than the supplemental gases flow of the third inlet.

[00208] The device receives a supplemental gases flow via the second inlet when the
device is operated in a high pressure mode.

[00209] The device receives a supplemental gases flow from the third inlet when the
device is operated in a low pressure mode.

[00210] The second inlet and third inlet are of different configurations, such as to
allow the connection of a gases source connector to only one of the second inlet and the
third inlet.

[00211] The second inlet and third inlet are sized differently to each other.
[00212] The third inlet is an oxygen inlet.

[00213] The device is a respiratory support device for providing a flow of gases to a
patient.

[00214] The device comprises a gases mixer for mixing a gases flow from the first
inlet and at least one other inlet, and gases mixer is disposed upstream of the gases
composition sensor.

[00215] The device is or comprises a flow generator for generating a flow of gases
from the inlets to an outlet.

[00216] The flow generator comprises the blower.

[00217] A or the gases mixer is comprised by the blower.

[00218] The gases composition sensor comprises an ultrasonic transducer sensor.
[00219] The gases composition sensor is located downstream of the second inlet.

[00220] The gases composition sensor is located downstream of both the first inlet
and the second inlet.

[00221] According to another aspect, the present disclosure provides a method of
detection and alerting to the presence of supplemental gases in a standby mode of a
respiratory therapy device, the respiratory therapy device comprising a first inlet for
receiving a gases flow from a first gases source, a second inlet for connection of a
supplemental gases source, a blower for generating a flow of gases from the inlets to an
outlet of the device, a gases composition sensor located downstream of both the first
inlet and the second inlet, the respiratory therapy device operable in one or more
therapy modes in which therapy is delivered and one or more standby modes in which
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therapy is not delivered, in the one or more standby modes the method comprising the
steps of

obtaining a gases composition reading by a gas composition sensor,

automatically reading the gases composition reading,

automatically comparing the gases composition reading to a predetermined
threshold of gases composition, and

autonomously triggering an alarm if the gases composition reading exceeds
the predetermined threshold of gases composition,

wherein the alarm is indicative of the detection of supplemental gases in the
standby mode.

[00222] The alarm is indicative of the detection of a concentration of supplemental
gases in the standby mode exceeding a concentration of the supplemental gases in gases
from the first gases source.

[00223] Upon detection of a gases composition reading exceeding of the
predetermined threshold, the blower is operated to an increased flow condition relative to
the minimum flow condition.

[00224] The increased flow condition comprises a flow rate of about 1 litre per
minute to about 4 litres per minute.

[00225] The increased flow condition comprises a flow rate of about 2 litres per
minute.

[00226] Upon detection of a gas composition reading exceeding the predetermined
threshold, the blower is operated to an increased speed relative to the minimum speed.

[00227] Upon the triggering of an alarm indicative of the detection of supplemental
gases in the standby mode, the monitoring of the sensor for a gases composition reading
is continued.

[00228] If a gases composition reading below the predetermined threshold is
detected, the alarm is cleared and the monitoring of the sensor is continued.

[00229] The gases composition reading below the predetermined threshold is a
concentration of about 1% to about 10% below the predetermined threshold.

[00230] The clearing of the alarm is associated with a reduction of the flow condition
and/or speed of the blower to the minimum flow condition or minimum speed
respectively.

[00231] The method is operated by a controller.
[00232] The supplemental gas is oxygen.

[00233] The first inlet is an ambient air inlet.
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[00234] The first gases source is an ambient air source.

[00235] The second inlet is an oxygen inlet.

[00236] The second inlet is a high pressure oxygen inlet.

[00237] The supplemental gases source is a pressurised gases source.
[00238] The supplemental gases source is an oxygen source.

[00239] The predetermined threshold is a threshold of gas composition.

[00240] The predetermined threshold is a threshold of a concentration of one or
more target gas species in the gases flow.

[00241] The target gas species is a gas species of the supplemental gases.

[00242] The target gas species is a gas species of both the supplemental gases and
the gases of the first gases source.

[00243] The target gas species is oxygen.

[00244] The gases composition sensor measures an oxygen concentration in a gases
flow past the gases composition sensor.

[00245] The predetermined threshold is a threshold of oxygen composition of the
gases flow.

[00246] The predetermined threshold is a threshold of oxygen composition of the
gases flow in excess of an ambient air oxygen concentration.

[00247] The threshold of oxygen composition is a composition of about 21%.
[00248] The threshold of oxygen composition is a composition of about 25%.

[00249] The gases composition sensor measures an oxygen concentration in a gases
flow past the gases composition sensor.

[00250] The predetermined threshold comprises a predetermined oxygen
concentration level.

[00251] The predetermined threshold is a concentration of about 21%.

[00252] The predetermined threshold is a concentration of about a sum of 21% and
a measurement error of the sensor expressed as a percentage.

[00253] The predetermined threshold is a concentration of about 22% to about 35%.

[00254] According to another aspect, the present disclosure provides a device for
delivery of a flow of gases, the device operational in one or more therapy modes in
which therapy is delivered and one or more standby modes in which therapy is not
delivered, the device comprising

a first inlet for receiving a gases flow from a first gases source,
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a second inlet for connection of a supplemental gases source,

a blower for generating a flow of gases from the inlets to an outlet of the
device,

a gases composition sensor located downstream of both the first inlet and
the second inlet, and

a controller to operate the blower at a minimum flow condition in the one or
more standby modes and upon receiving a command to transition from a therapy mode
to a standby mode, the controller configured to:

receive a command to transition from a therapy mode to a standby mode,

delay an entry into the standby mode until up to a predetermined time
period, and

operate the blower to a predetermined flow condition for up to the
predetermined time period so as to flush from the device gases contained within the
device at the time of the command to transition.

[00255] The one or more therapy modes comprise at least one high pressure mode
and at least one low pressure mode, wherein the pressure of the supplemental gases
received in each high pressure mode is greater than the pressure of the supplemental
gases received in each low pressure mode.

[00256] The predetermined flow condition is a flow condition suitable to flush from
the device gases contained within the device at the time of the user command to
transition.

[00257] The flushing comprises a flushing to a concentration of supplemental gases
below a safety limit.

[00258] The predetermined flow condition comprises a flow of about 2 litres per
minute.

[00259] The controller is further configured when the device is in a low pressure
mode and responsive to the receipt of a command to transition from a therapy mode to a
standby mode to instruct the user to shut off the supplemental gases source associated
with the second inlet.

[00260] The device comprises a third inlet for receiving a supplemental gases flow
from a supplemental gases source distinct from the second inlet supplemental gases
source, wherein the second inlet is for receiving a supplemental gases flow of higher
pressure than the supplemental gases flow of the third inlet.

[00261] The instruction to shut off the supplemental gases source comprises an
instruction to shut off the supplemental gases source associated with the second inlet.

[00262] The instruction to shut off the supplemental gases source comprises an
instruction to shut off the supplemental gases source associated with the third inlet.
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[00263] The device receives a supplemental gases flow via the second inlet when the
device is operated in a high pressure mode.

[00264] The device receives a supplemental gases flow from the third inlet when the
device is operated in a low pressure mode.

[00265] The controller is further configured when the device is in a low pressure
mode and responsive to the receipt of a command to transition from the low pressure
mode to a standby mode to instruct the user to shut off the supplemental gases source
associated with the third inlet.

[00266] The device receives a supplemental gases flow via the second inlet when the
device is operated in a high pressure mode.

[00267] The device comprises a valve operable to control a flow of gases introduced
to the device by the second inlet, and the valve is operable by the controller.

[00268] The valve is a proportional valve.
[00269] The valve is biased to a closed condition.

[00270] The controller is further configured responsive to the receipt of a command
to transition from a therapy mode to a standby mode to operate the valve to a closed
condition.

[00271] The therapy mode is a high pressure mode.

[00272] The controller operates the valve to a closed condition prior to the beginning
of the predetermined time period.

[00273] The controller operates the valve to a closed condition during the
predetermined time period.

[00274] The operation of the device between the receipt of a command to transition
from a therapy mode to a standby mode and the standby mode comprises a transitional
period.

[00275] The controller is further configured, responsive to the receipt of a command
to transition from a therapy mode to a standby mode, to operate the blower to a reduced
flow condition relative to a flow condition of the blower in the preceding therapy mode.

[00276] The reduced flow condition is about 1 litre per minute to about 3 litres per
minute.

[00277] The reduced flow condition is about 2 litres per minute.

[00278] The controller, when the predetermined time period is met or exceeded,
operates the device to a standby mode.
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[00279] The controller, when the device is in the transitional period, operates the
blower to a reduced flow condition relative to a flow condition associated with the
preceding therapy mode.

[00280] The minimum flow condition, when the device is in a standby mode, is a
reduced flow condition relative to a flow condition associated with the transitional period.

[00281] The minimum flow condition, when the device is in a standby mode,
comprises a deactivation of the blower.

[00282] The command to transition from a therapy mode to a standby mode
comprises a user command.

[00283] A user interface comprising one or more of a display and a user input device
such as a touch screen, a voice input device, a keyboard, a trigger, a mouse, or a button.

[00284] The device comprises a gases composition sensor.
[00285] The gases composition sensor comprises an ultrasonic transducer sensor.

[00286] The controller is further configured, responsive to the receipt of a command
to transition from a therapy mode to a standby mode, to monitor a gas composition
reading from the gases composition sensor for the duration of the predetermined time
period.

[00287] The controller is further configured, if at any time during the predetermined
time period the reading is below a predetermined threshold, to terminate the delay and
operate the device to a standby mode.

[00288] The controller is further configured, responsive to the receipt of a command
to transition from a therapy mode to a standby mode, to operate the device to a standby
mode only upon both a) the expiry of the predetermined time period, and b) the reading
of the gases composition sensor being below a predetermined threshold.

[00289] The predetermined threshold is a threshold of a concentration of one or
more target gas species in the gases flow.

[00290] The target gas species is a gas species of the supplemental gases.

[00291] The target gas species is a gas species of both the supplemental gases and
the gases of the first gases source.

[00292] The target gas species is oxygen.

[00293] The predetermined threshold is a threshold of oxygen composition of the
gases flow.

[00294] The predetermined threshold is a threshold of oxygen composition of the
gases flow in excess of an ambient air oxygen concentration.

[00295] The threshold of oxygen composition is a composition of about 21%.
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[00296] The threshold of oxygen composition is a composition of about 25%.
[00297] The predetermined time period is about 5 s to about 2 min.

[00298] The predetermined time period is about 30 seconds.

[00299] The gases composition sensor is located downstream of the second inlet.

[00300] The gases composition sensor is located downstream of both the first inlet
and the second inlet.

[00301] The flushing of the gases comprises a purging from the device of the gases
contained within the device at the time of the user command to transition.

[00302] The flushing comprises a flushing to a concentration of supplemental gases
below a safety limit.

[00303] The gases to be flushed from the device are supplemental gases source
gases.

[00304] The controller is configured in the one or more therapy modes to operate the
blower to deliver a therapy.

[00305] The first inlet is an ambient air inlet.

[00306] The first gases source is an ambient air source.

[00307] The second inlet is an oxygen inlet.

[00308] The second inlet is a high pressure oxygen inlet.

[00309] The supplemental gases source is a pressurised gases source.
[00310] The supplemental gases source is an oxygen source.
[00311] The valve is a proportional valve.

[00312] The valve is biased to a closed condition.

[00313] The device is a respiratory support device for providing a flow of gases to a
patient.

[00314] The device comprises a gases mixer for mixing a gases flow from the first
inlet and at least one other inlet, and gases mixer is disposed upstream of the gases
composition sensor.

[00315] The device is or comprises a flow generator for generating a flow of gases
from the inlets to an outlet.

[00316] The flow generator comprises the blower.
[00317] A or the gases mixer is comprised by the blower.

[00318] According to another aspect, the present disclosure provides a method of
transitioning of a respiratory therapy device for delivery of a flow of gases to a
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patient from a therapy mode in which a therapy is delivered to a standby mode in which
a therapy is not delivered, the respiratory therapy device comprising a first inlet for
receiving a gases flow from a first gases source, a second inlet for connection of a
supplemental gases source, a blower for generating a flow of gases from the inlets to an
outlet of the device, a gases composition sensor located downstream of both the first
inlet and the second inlet,
wherein the blower is operated at a minimum flow condition in the one or

more standby modes, the method comprising the steps of

autonomously monitoring for a direction to transition from a therapy mode
to a standby mode,

receiving a direction to transition and upon receipt of the direction:

automatically delaying an entry into the standby mode until after the expiry
of a predetermined time period, and

dynamically operating the blower to a predetermined flow condition for up
to the predetermined time period so as to flush from the device gases contained within
the device at the time of the direction to transition.

[00319] The predetermined flow condition is a flow condition suitable to flush from
the device gases contained within the device at the time of the direction to transition.

[00320] The flushing comprises a flushing to a concentration of supplemental gases
below a safety limit.

[00321] The predetermined flow condition comprises a flow of about 2 litres per
minute.

[00322] The flushing of the gases comprises a flushing substantially complete
purging from the device of the gases contained within the device at the time of the
direction to transition.

[00323] The flushing comprises a flushing to a concentration of supplemental gases
below a safety limit.

[00324] The gases to be flushed from the device are supplemental gases source
gases.

[00325] The one or more therapy modes comprise at least one high pressure mode
and at least one low pressure mode, wherein the pressure of the supplemental gases
received in each high pressure mode is greater than the pressure of the supplemental
gases received in each low pressure mode.

[00326] The method further comprising the step, when the device is in a low
pressure mode and responsive to the receipt of a direction to transition from a therapy
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mode to a standby mode, of instructing the user to shut off the supplemental gases
source associated with the second inlet.

[00327] The device comprises a third inlet for receiving a supplemental gases flow
from a supplemental gases source distinct from the second inlet supplemental gases
source, wherein the second inlet is for receiving a supplemental gases flow of higher
pressure than the supplemental gases flow of the third inlet.

[00328] The instruction to shut off the supplemental gases source comprises an
instruction to shut off the supplemental gases source associated with the second inlet.

[00329] The instruction to shut off the supplemental gases source comprises an
instruction to shut off the supplemental gases source associated with the third inlet.

[00330] The device receives a supplemental gases flow from the second inlet when
the device is operated in a high pressure mode.

[00331] The device receives a supplemental gases flow from the third inlet when the
device is operated in a low pressure mode.

[00332] The method further comprising the step, when the device is in a low
pressure mode and responsive to the receipt of a direction to transition from the low
pressure mode to a standby mode, of instructing the user to shut off the supplemental
gases source associated with the third inlet.

[00333] The device receives a supplemental gases flow from the second inlet when
the device is operated in a high pressure mode.

[00334] The device comprises a valve operable to control a flow of gases introduced
to the device by the second inlet, and the valve is operable as part of the method.

[00335] The valve is a proportional valve.
[00336] The valve is biased to a closed condition.

[00337] The method further comprising the step, responsive to the receipt of a
direction to transition from a therapy mode to a standby mode, of operating the valve to
a closed condition.

[00338] The therapy mode is a high pressure mode.

[00339] The valve is operated to a closed condition prior to the beginning of the
predetermined time period.

[00340] The valve is operated to a closed condition during the predetermined time
period.

[00341] The operation of the device between the receipt of a direction to transition
from a therapy mode to a standby mode and the standby mode comprises a transitional
period.
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[00342] The method further comprising the step of, responsive to the receipt of a
direction to transition from a therapy mode to a standby mode, operating the blower to a
reduced flow condition relative to a flow condition of the blower in the preceding therapy
mode.

[00343] The reduced flow condition is about 1 litre per minute to about 3 litres per
minute.

[00344] The reduced flow condition is about 2 litres per minute.

[00345] When the predetermined time period is met or exceeded the device is
operated to a standby mode.

[00346] When the device is in the transitional period the blower is operated to a
reduced flow condition relative to a flow condition associated with the preceding therapy
mode.

[00347] The minimum flow condition, when the device is in a standby mode, is a
reduced flow condition relative to a flow condition associated with the transitional period.

[00348] The minimum flow condition, when the device is in a standby mode,
comprises a deactivation of the blower.

[00349] The device comprises a gases composition sensor.
[00350] The gases composition sensor comprises an ultrasonic transducer sensor.

[00351] The method further comprising the step, responsive to the receipt of a
direction to transition from a therapy mode to a standby mode, of monitoring a gas
composition reading from the gases composition sensor for the duration of the
predetermined time period.

[00352] The method further comprising the step, if at any time during the
predetermined time period the reading is below a predetermined threshold, of
terminating the delay and operating the device to a standby mode.

[00353] The method further comprising the step, responsive to the receipt of a
direction to transition from a therapy mode to a standby mode, of operating the device to
a standby mode only upon both a) the expiry of the predetermined time period, and b)
the reading of the gases composition sensor being below a predetermined threshold.

[00354] The predetermined threshold is a threshold of a concentration of one or
more target gas species in the gases flow.

[00355] The target gas species is a gas species of the supplemental gases.

[00356] The target gas species is a gas species of both the supplemental gases and
the gases of the first gases source.

[00357] The target gas species is oxygen.
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[00358] The predetermined threshold is a threshold of oxygen composition of the
gases flow.

[00359] The predetermined threshold is a threshold of oxygen composition of the
gases flow in excess of an ambient air oxygen concentration.

[00360] The threshold of oxygen composition is a composition of about 21%.
[00361] The threshold of oxygen composition is a composition of about 25%.
[00362] The predetermined time period is about 5 s to about 2 min.

[00363] The predetermined time period is about 30 seconds.

[00364] The gases composition sensor is located downstream of the second inlet.

[00365] The gases composition sensor is located downstream of both the first inlet
and the second inlet.

[00366] The direction to transition is a user direction.

[00367] The method is operated by a controller.

[00368] The first inlet is an ambient air inlet.

[00369] The first gases source is an ambient air source.

[00370] The second inlet is an oxygen inlet.

[00371] The second inlet is a high pressure oxygen inlet.

[00372] The supplemental gases source is a pressurised gases source.
[00373] The supplemental gases source is an oxygen source.
[00374] The valve is a proportional valve.

[00375] The valve is biased to a closed condition.

[00376] The device comprises a gases mixer for mixing a gases flow from the first
inlet and at least one other inlet, and gases mixer is disposed upstream of the gases
composition sensor.

[00377] The device is or comprises a flow generator for generating a flow of gases
from the inlets to an outlet.

[00378] The flow generator comprises the blower.
[00379] A or the gases mixer is comprised by the blower.

[00380] According to another aspect, the present disclosure provides a device for
delivery of a flow of gases, the device comprising

a first inlet for receiving a gases flow from a first gases source,

a second inlet for connection of a supplemental gases source,
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a valve operable to control a flow of supplemental gases introduced to the
device by the second inlet,

a gases composition sensor located downstream of both the first inlet and
the second inlet to sense a gas species concentration in flow of gases, and

a controller to control the valve based at least in part on a) a target
threshold of gas composition and b) a gases composition reading from the gases
composition sensor, the controller configured to:

monitor a gases composition reading of the gases composition sensor,

trigger a first alarm if the sensed gas species concentration is in excess of a
concentration of the gas species in the gases flow from the first gases source but the
sensed gas species concentration is outside the target threshold gas composition, and

trigger a second alarm if a) the sensed gas species concentration is below a
threshold concentration, the threshold concentration being the sum of a concentration of
the gas species in the gases flow from the first gases source and a predetermined
measurement error of the gases composition sensor, and b) the sensed gas species
concentration is outside of the target threshold gas composition,

wherein the first alarm and second alarm are different from each other.

[00381] The target threshold of gas composition is a target threshold of
concentration of the gas species.

[00382] The target threshold of gas composition comprises a dead zone either side of
the threshold.

[00383] The target threshold of gas composition is greater than an initial gases
composition reading.

[00384] If the sensed gases composition is less than the target threshold of gas
composition, as a precursor to the triggering of the first alarm the controller operates the
valve to a more open condition.

[00385] The operation of the valve to a more open condition comprises a progressive
operation of the valve.

[00386] Upon the operation of the valve to a more open condition, the controller
again checks if the sensed gas species concentration is in excess of the gas species
concentration in the gases flow from the first gases source, but the sensed gas species
concentration is outside the target threshold gas composition.

[00387] The operation of the valve ultimately comprises the operation of the valve to
a fully open condition.

[00388] The controller triggers the first alarm dependent on the valve being at its
fully open condition.
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[00389] The controller triggers the first alarm dependent on the valve having been in
its open condition for a first predetermined time period.

[00390] The first predetermined time period is about 10 ms to about 1 min.
[00391] The first predetermined time period is from about 1 s to about 20 s.

[00392] The concentration of the gas species in the gases flow from the first gases
source is a predetermined concentration.

[00393] The first gases source is an ambient air source, and the concentration of the
gas species in the gases flow from the first gases source comprises a concentration of an
ambient air gas species.

[00394] The supplemental gas comprises a supply of the gas species.
[00395] The gas species is oxygen.
[00396] The oxygen concentration in the ambient air is approximately 21%.

[00397] The threshold concentration is a the sum of 21% and a measurement error
of the sensor expressed as a percentage.

[00398] The threshold concentration about 22% to about 35%.
[00399] The threshold concentration is about 24%.
[00400] The supplementary gases source is a source of the gas species.

[00401] The first gases source comprises a substantially zero concentration of the
gas species.

[00402] The first alarm indicates to a user that the target threshold of gas
composition cannot be achieved.

[00403] The first alarm indicates to a user that the supply of supplemental gases is
inadequate to achieve the target threshold of gas composition.

[00404] The controller, after the triggering of the first alarm, is configured to clear
the first alarm if a sensed gases composition reading reaches or exceeds the target
threshold of gas composition.

[00405] The second alarm indicates to a user that supplemental gases from the
supplemental gases source are not being received by the device.

[00406] The first alarm and second alarm each provide a recommendation to a user
to check a supplemental gases supply from the supplemental gases source.

[00407] The controller in association with the triggering of the second alarm a)
deactivates valve control dependent on the target gases composition and the gases
composition reading, and b) operates the valve to a closed condition.



WO 2021/048744 PCT/IB2020/058351
27

[00408] The controller is configured to suspend the control of the device based on
the target threshold of gas composition and the gases composition reading upon the
triggering of the second alarm.

[00409] The controller, upon the triggering of the second alarm, is configured to
detect the connection of a supplemental gases source by

[00410] pulsing the valve from a closed condition to an open condition,

[00411] comparing a gases composition reading from the gases composition sensor
to a predetermined threshold of gases composition, and

[00412] dependent on the reading exceeding the predetermined threshold, clearing
the second alarm.

[00413] The comparing of the reading to the predetermined threshold occurs within a
second predetermined time period.

[00414] The comparison of the reading to the predetermined threshold occurs at a
second predetermined time period.

[00415] The comparison of the reading to the predetermined threshold occurs after a
second predetermined time period.

[00416] The second predetermined time period is a time subsequent to the pulsing of
the valve.

[00417] The second predetermined time is a time such as to allow for a mixing of a
gases flow from the first inlet and the second inlet at the gases composition sensor.

[00418] The second predetermined time period is dependent on a gases flow rate
between the first inlet and second inlet and the gases composition sensor.

[00419] The second predetermined time period is selected from a time of about 1 s
to about 30 s.

[00420] The second predetermined time period is approximately 5 s.

[00421] The controller upon the clearing of the second alarm reactivates the control
of the device based on the target gases composition and the gases composition reading.

[00422] The reactivation of the control of the device based on the target gases
composition and the gases composition reading is further dependent on the expiry of a
time delay.

[00423] The time delay is from about 5 s to about 5 min.
[00424] The time delay is approximately 1 min.

[00425] The reading exceeding the predetermined threshold indicates that a
supplemental gases source is connected at the second inlet.



WO 2021/048744 PCT/IB2020/058351
28

[00426] The clearing of the alarm is further dependent on the reading exceeding the
predetermined threshold within a second predetermined time period.

[00427] The second predetermined time period is about 1 s to about 30 s.
[00428] The second predetermined time period is about 5 s.

[00429] If the reading does not exceed the predetermined threshold, the controller
maintains the second alarm, being an alarm associated with the receipt of no
supplemental gases from the supplemental gases source by the device.

[00430] If the second alarm is maintained, the controller continues to attempt to
detect the connection of a supplemental gases source.

[00431] The predetermined threshold is a threshold of gas composition.

[00432] The predetermined threshold is a threshold of a concentration of one or
more target gas species in the gases flow.

[00433] The target gas species is a gas species of the supplemental gases.

[00434] The target gas species is a gas species of both the supplemental gases and
the gases of the first gases source.

[00435] The target gas species is oxygen.

[00436] The predetermined threshold is a threshold of oxygen composition of the
gases flow.

[00437] The predetermined threshold is a threshold of oxygen composition of the
gases flow in excess of an ambient air oxygen concentration.

[00438] The threshold of oxygen composition is a composition of about 21%.
[00439] The threshold of oxygen composition is a composition of about 25%.

[00440] The gases composition sensor measures an oxygen concentration in a gases
flow past the gases composition sensor.

[00441] The device comprises a third inlet for receiving a supplemental gases flow.

[00442] The second inlet is for receiving a supplemental gases flow of higher
pressure than the supplemental gases flow of the third inlet.

[00443] The device receives a supplemental gases flow from the second inlet when
the device is operated in a high pressure mode.

[00444] The device receives a supplemental gases flow from the third inlet when the
device is operated in a low pressure mode.

[00445] The second inlet and third inlet are of different configurations, such as to
allow the connection of a gases source connector to only one of the second inlet and the
third inlet.
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[00446] The second inlet and third inlet are sized differently to each other.

[00447] The device comprises a pressure sensor associated with the second inlet,
and a signal from the pressure sensor is indicative of the connection of a supplemental
gases source at the second inlet, such that the controller can alternatively detect the
connection of a supplemental gases source at the second inlet independent of a pulsing
of the valve.

[00448] The pressure sensor is located upstream of the valve of the second inlet.

[00449] The controller operates the alternative detection substantially continuously
independent of an operational mode of the device.

[00450] The controller operates the alternative detection independently of a delivery
of therapy by the device.

[00451] The pressure sensor is located downstream of the valve of the second inlet.

[00452] The device comprises a gases flow sensor, and the controller is configured to
detect the connection of a supplemental gases source at the second inlet:

a) by an increase in sensed flow above a threshold subsequent to and within
a fourth predetermined time of the pulsing of the valve by the controller, and

b) independent of the reading or comparison of a signal from the gases
composition sensor.

[00453] The valve is a proportional valve.
[00454] The valve is biased to a closed condition.

[00455] The pulsing of the valve by the controller comprises an opening of the valve
for a third predetermined time period.

[00456] The third predetermined time period is from about 10 ms to about 1 s.
[00457] The third predetermined time period is approximately 350 ms.

[00458] The pulsing of the valve by the controller comprises an opening of the valve
and closing of the valve within the third predetermined time period.

[00459] The pulsing of the valve comprises a substantially complete opening of the
valve.

[00460] The pulsing of the valve comprises a substantially complete closing of the
valve.

[00461] The pulsing of the valve maximises the duration at which the valve is in its
open condition.

[00462] The controller monitors the current to the valve during the pulsing of the
valve as an indicator of valve operation.
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[00463] The target threshold of gas composition is settable by a user.
[00464] The first inlet is an ambient air inlet.

[00465] The first gases source is an ambient air source.

[00466] The second inlet is an oxygen inlet.

[00467] The second inlet is a high pressure oxygen inlet.

[00468] The supplemental gases source is a pressurised gases source.
[00469] The supplemental gases source is an oxygen source.

[00470] The triggering of the first alarm is further dependent on the connection of
the supplemental gases source at the second inlet.

[00471] The controller operates the valve to attain the target threshold of gas
composition based on the gases composition reading from the gases composition sensor.

[00472] The gases composition sensor comprises an ultrasonic transducer sensor.
[00473] The gases composition sensor is located downstream of the second inlet.

[00474] The gases composition sensor is located downstream of both the first inlet
and the second inlet.

[00475] The device is a respiratory support device for providing a flow of gases to a
patient.

[00476] The device comprises a gases mixer for mixing a gases flow from the first
inlet and at least one other inlet, and gases mixer is disposed upstream of the gases
composition sensor.

[00477] The device is or comprises a flow generator for generating a flow of gases
from the inlets to an outlet.

[00478] The flow generator comprises a blower.
[00479] A or the gases mixer is comprised by the blower.

[00480] According to another aspect, the present disclosure provides a method of
controlling a valve of a second inlet of a respiratory therapy device for delivering a
gases flow to a patient, the respiratory therapy device comprising a first inlet for
receiving a gases flow from a first gases source, a second inlet for connection of a
supplemental gases source, a valve operable to control a flow of supplemental gases
introduced to the device at the second inlet, a gases composition sensor located
downstream of both the first inlet and the second inlet to sense a gas species
concentration in flow of gases, wherein the control of the valve is based at least in part
on a) a target threshold of gas composition and b) a gases composition reading from the
gases composition sensor, the method comprising the steps of
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autonomously monitoring a gases composition reading of the gases
composition sensor,

automatically generating a first alarm if the sensed concentration of the gas
species is in excess of a concentration of the gas species in the gases flow from the first
gases source but the sensed gas species concentration is outside the target threshold gas
composition, and

automatically generating a second alarm if a) the concentration of the gas
species is below a threshold concentration, the threshold concentration being the sum of
a concentration of the gas species in the gases flow from the first gases source and a
predetermined measurement error of the gases composition sensor, and b) the sensed
gas species concentration is outside of the target threshold gas composition,

wherein the first alarm and second alarm are different from each other.

[00481] The target threshold of gas composition is a target threshold of
concentration of the gas species.

[00482] The target threshold of gas composition comprises a dead zone either side of
the threshold.

[00483] The target threshold of gas composition is greater than an initial gases
composition reading.

[00484] If the sensed gases composition is less than the target threshold of gas
composition, as a precursor to the triggering of the first alarm the valve is operated to a
more open condition.

[00485] The operation of the valve to a more open condition comprises a progressive
operation of the valve.

[00486] Upon the operation of the valve to a more open condition, it is checked
whether the sensed gas species concentration is in excess of the concentration of the gas
species in the gases flow from the first gases source, but the sensed gas species
concentration is outside the target threshold gas composition.

[00487] The operation of the valve ultimately comprises the operation of the valve to
a fully open condition.

[00488] The first alarm is triggered dependent on the valve being at its fully open
condition.

[00489] The triggering of the first alarm is dependent on the valve having been in its
open condition for a first predetermined time period.

[00490] The first predetermined time period is about 10 ms to about 1 min.

[00491] The first predetermined time period is from about 1 s to about 20 s.
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[00492] The concentration of the gas species in the gases flow from the first gases
source is a predetermined concentration.

[00493] The first gases source is an ambient air source, and the concentration of the
gas species in the gases flow from the first gases source comprises a concentration of an
ambient air gas species.

[00494] The supplemental gas comprises a supply of the gas species.
[00495] The gas species is oxygen.
[00496] The oxygen concentration in the ambient air is approximately 21%.

[00497] The threshold concentration is a the sum of 21% and a measurement error
of the sensor expressed as a percentage.

[00498] The threshold concentration about 22% to about 35%.
[00499] The threshold concentration is about 24%.
[00500] The supplementary gases source is a source of the gas species.

[00501] The first gases source comprises a substantially zero concentration of the
gas species.

[00502] The first alarm indicates to a user that the target threshold of gas
composition cannot be achieved.

[00503] The first alarm indicates to a user that the supply of supplemental gases is
inadequate to achieve the target threshold of gas composition.

[00504] The method further comprising the step, after the triggering of the first
alarm, of clearing the first alarm if a sensed gases composition reading reaches or
exceeds the target threshold of gas composition.

[00505] The second alarm indicates to a user that supplemental gases from the
supplemental gases source are not being received by the device.

[00506] The first alarm and second alarm each provide a recommendation to a user
to check a supplemental gases supply from the supplemental gases source.

[00507] The method further comprising the steps, in association with the triggering
of the second alarm a) deactivating valve control dependent on the target gases
composition and the gases composition reading, and b) operating the valve to a closed
condition.

[00508] The method further comprising the step of suspending the control of the
device based on the target threshold of gas composition and the gases composition
reading upon the triggering of the second alarm.
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[00509] The method further comprising the step, upon the triggering of the second
alarm, of detecting the connection of a supplemental gases source by

pulsing the valve from a closed condition to an open condition,

comparing a gases composition reading from the gases composition sensor
to a predetermined threshold of gases composition, and

dependent on the reading exceeding the predetermined threshold, clearing
the second alarm.

[00510] The comparing of the reading to the predetermined threshold occurs within a
second predetermined time period.

[00511] The comparison of the reading to the predetermined threshold occurs at a
second predetermined time period.

[00512] The comparison of the reading to the predetermined threshold occurs after a
second predetermined time period.

[00513] The second predetermined time period is a time subsequent to the pulsing of
the valve.

[00514] The second predetermined time is a time such as to allow for a mixing of a
gases flow from the first inlet and the second inlet at the gases composition sensor.

[00515] The second predetermined time period is dependent on a gases flow rate
between the first inlet and second inlet and the gases composition sensor.

[00516] The second predetermined time period is selected from a time of about 1 s
to about 30 s.

[00517] The second predetermined time period is approximately 5 s.

[00518] The method further comprising the step, upon the clearing of the second
alarm, of reactivating the control of the device based on the target gases composition
and the gases composition reading.

[00519] The reactivation of the control of the device based on the target gases
composition and the gases composition reading is further dependent on the expiry of a
time delay.

[00520] The time delay is from about 5 s to about 5 min.
[00521] The time delay is approximately 1 min.

[00522] The reading exceeding the predetermined threshold indicates that a
supplemental gases source is connected at the second inlet.

[00523] The clearing of the alarm is further dependent on the reading exceeding the
predetermined threshold within a second predetermined time period.
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[00524] The second predetermined time period is about 1 s to about 30 s.
[00525] The second predetermined time period is about 5 s.

[00526] If the reading does not exceed the predetermined threshold, the second
alarm is maintained, the second alarm being an alarm associated with the receipt of no
supplemental gases from the supplemental gases source by the device.

[00527] If the second alarm is maintained, detection test for the connection of a
supplemental gases source continues to be operated.

[00528] The predetermined threshold is a threshold of gas composition.

[00529] The predetermined threshold is a threshold of a concentration of one or
more target gas species in the gases flow.

[00530] The target gas species is a gas species of the supplemental gases.

[00531] The target gas species is a gas species of both the supplemental gases and
the gases of the first gases source.

[00532] The target gas species is oxygen.

[00533] The predetermined threshold is a threshold of oxygen composition of the
gases flow.

[00534] The predetermined threshold is a threshold of oxygen composition of the
gases flow in excess of an ambient air oxygen concentration.

[00535] The threshold of oxygen composition is a composition of about 21%.
[00536] The threshold of oxygen composition is a composition of about 25%.

[00537] The gases composition sensor measures an oxygen concentration in a gases
flow past the gases composition sensor.

[00538] The device comprises a third inlet for receiving a supplemental gases flow.

[00539] The second inlet is for receiving a supplemental gases flow of higher
pressure than the supplemental gases flow of the third inlet.

[00540] The device receives a supplemental gases flow from the second inlet when
the device is operated in a high pressure mode.

[00541] The device receives a supplemental gases flow from the third inlet when the
device is operated in a low pressure mode.

[00542] The second inlet and third inlet are of different configurations, such as to
allow the connection of a gases source connector to only one of the second inlet and the
third inlet.

[00543] The second inlet and third inlet are sized differently to each other.
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[00544] The device comprises a pressure sensor associated with the second inlet,
and a signal from the pressure sensor is indicative of the connection of a supplemental
gases source at the second inlet, such that the connection of a supplemental gases
source at the second inlet may be determined independent of a pulsing of the valve.

[00545] The pressure sensor is located upstream of the valve of the second inlet.

[00546] The method further comprising the step of operating the alternative
detection substantially continuously independent of an operational mode of the device.

[00547] The alternative detection is operated independently of a delivery of therapy
by the device.

[00548] The pressure sensor is located downstream of the valve of the second inlet.

[00549] The device comprises a gases flow sensor, and the detection of the
connection of a supplemental gases source at the second inlet may alternatively be
determined:

a) by an increase in sensed flow above a threshold subsequent to and within
a fourth predetermined time of the pulsing of the valve, and

b) independent of the reading or comparison of a signal from the gases
composition sensor.

[00550] The method is operated by a controller.

[00551] The target threshold of gas composition is settable by a user.
[00552] The first inlet is an ambient air inlet.

[00553] The first gases source is an ambient air source.

[00554] The second inlet is an oxygen inlet.

[00555] The second inlet is a high pressure oxygen inlet.

[00556] The supplemental gases source is a pressurised gases source.
[00557] The supplemental gases source is an oxygen source.

[00558] The triggering of the first alarm is further dependent on the connection of
the supplemental gases source at the second inlet.

[00559] The valve is operated to attain the target threshold of gas composition based
on the gases composition reading from the gases composition sensor.

[00560] The gases composition sensor comprises an ultrasonic transducer sensor.
[00561] The gases composition sensor is located downstream of the second inlet.

[00562] The gases composition sensor is located downstream of both the first inlet
and the second inlet.
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[00563] The device comprises a gases mixer for mixing a gases flow from the first
inlet and at least one other inlet, and gases mixer is disposed upstream of the gases
composition sensor.

[00564] The device is or comprises a flow generator for generating a flow of gases
from the inlets to an outlet.

[00565] The flow generator comprises a blower.
[00566] A or the gases mixer is comprised by the blower.

[00567] According to another aspect, the present disclosure provides a device for
delivery of a flow of gases, the device comprising

a first inlet for receiving a gases flow from a first gases source,

a second inlet for connection of a pressurised supplemental gases source,

a valve operable to control a flow of gases introduced to the device by the
second inlet,

a pressure sensor associated with the second inlet, the pressure sensor
located upstream of the valve, and

a controller configured to detect the connection of a supplemental gases
source to the second inlet, wherein the controller is configured to:

receive a pressure reading from the pressure sensor, and

compare the pressure reading to a threshold pressure, and determine that a
supplemental gases source is connected at the second inlet if the reading exceeds the
threshold pressure.

[00568] The threshold pressure is ambient pressure.

[00569] The threshold pressure is a reference value which is greater than an ambient
pressure.

[00570] The device further comprises a gases composition sensor, and the controller
is configured to control the valve based at least in part on a) a target threshold of gas
composition and b) a gases composition reading from the gases composition sensor, the
controller configured to:

monitor a gases composition reading of the gases composition sensor,

trigger a first alarm if a determination has been made that a supplemental
gases source is connected at the second inlet, but the sensed gas species concentration
is outside the target threshold gas composition, and

trigger a second alarm if a) the sensed concentration of the gas species is
below a threshold concentration, the threshold concentration being the sum of a
concentration of the gas species in the gases flow from the first gases source and a
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predetermined measurement error of the gases composition sensor, and b) the sensed
gas species concentration is outside of the target threshold gas composition,

wherein the first alarm and second alarm are different from each other.

[00571] The target threshold of gas composition is a target threshold of
concentration of the gas species.

[00572] The target threshold of gas composition is greater than an initial gases
composition reading.

[00573] If the sensed gases composition is less than the target threshold of gas
composition, as a precursor to the triggering of the first alarm the controller operates the
valve to a more open condition.

[00574] The operation of the valve to a more open condition comprises a progressive
operation of the valve.

[00575] Upon the operation of the valve to a more open condition, the controller
again checks if the sensed gas species concentration is in excess of the concentration of
the gas species in the gases flow from the first gases source, but the sensed gas species
concentration is outside the target threshold gas composition.

[00576] The operation of the valve ultimately comprises the operation of the valve to
a fully open condition.

[00577] The controller triggers the first alarm dependent on the valve being at its
fully open condition.

[00578] The controller triggers the first alarm dependent on the valve having been in
its open condition for a first predetermined time period.

[00579] The first predetermined time period is about 10 ms to about 1 min.
[00580] The first predetermined time period is from about 1 s to about 20 s.

[00581] The first gases source is an ambient air source, and the concentration of the
gas species in the gases flow from the first gases source comprises a concentration of an
ambient air gas species.

[00582] The supplemental gas comprises a supply of the gas species, and the gas
species is oxygen.

[00583] The oxygen concentration in the ambient air is approximately 21%.

[00584] The threshold concentration is the sum of 21% and a measurement error of
the sensor expressed as a percentage.

[00585] The threshold concentration about 22% to about 35%.

[00586] The threshold concentration is about 24%.
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[00587] The first alarm indicates to a user that the target threshold of gas
composition cannot be achieved.

[00588] The first alarm indicates to a user that the supply of supplemental gases is
inadequate to achieve the target threshold of gas composition.

[00589] The controller, after the triggering of the first alarm, is configured to clear
the first alarm if a sensed gases composition reading reaches or exceeds the target
threshold of gas composition.

[00590] The second alarm indicates to a user that supplemental gases from the
supplemental gases source are not being received by the device.

[00591] The first alarm and second alarm each provide a recommendation to a user
to check a supplemental gases supply from the supplemental gases source.

[00592] The controller in association with the triggering of the second alarm a)
deactivates valve control dependent on the target gases composition and the gases
composition reading, and b) operates the valve to a closed condition.

[00593] The controller is configured to suspend the control of the device based on
the target threshold of gas composition and the gases composition reading upon the
triggering of the second alarm.

[00594] The controller, upon the triggering of the second alarm, is configured to
detect the connection of a supplemental gases source by

pulsing the valve from a closed condition to an open condition,

comparing a gases composition reading from the gases composition sensor
to a predetermined threshold of gases composition, and

dependent on the reading exceeding the predetermined threshold, clearing
the second alarm.

[00595] The comparing of the reading to the predetermined threshold occurs within a
second predetermined time period.

[00596] The comparison of the reading to the predetermined threshold occurs at a
second predetermined time period.

[00597] The comparison of the reading to the predetermined threshold occurs after a
second predetermined time period.

[00598] The second predetermined time period is a time subsequent to the pulsing of
the valve.

[00599] The second predetermined time is a time such as to allow for a mixing of a
gases flow from the first inlet and the second inlet at the gases composition sensor.
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[00600] The second predetermined time period is dependent on a gases flow rate
between the first inlet and second inlet and the gases composition sensor.

[00601] The second predetermined time period is selected from a time of about 1 s
to about 30 s.

[00602] The second predetermined time period is approximately 5 s.

[00603] The controller upon the clearing of the second alarm reactivates the control
of the device based on the target gases composition and the gases composition reading.

[00604] The reactivation of the control of the device based on the target gases
composition and the gases composition reading is further dependent on the expiry of a
time delay.

[00605] The time delay is from about 5 s to about 5 min.
[00606] The time delay is approximately 1 min.

[00607] The reading exceeding the predetermined threshold indicates that a
supplemental gases source is connected at the second inlet.

[00608] The clearing of the alarm is further dependent on the reading exceeding the
predetermined threshold within a second predetermined time period.

[00609] The second predetermined time period is about 1 s to about 30 s.
[00610] The second predetermined time period is about 5 s.

[00611] If the reading does not exceed the predetermined threshold, the controller
maintains the second alarm, being an alarm associated with the receipt of no
supplemental gases from the supplemental gases source by the device.

[00612] If the second alarm is maintained, the controller continues to attempt to
detect the connection of a supplemental gases source.

[00613] The predetermined threshold is a threshold of gas composition.

[00614] The predetermined threshold is a threshold of a concentration of one or
more target gas species in the gases flow.

[00615] The target gas species is a gas species of the supplemental gases.

[00616] The target gas species is a gas species of both the supplemental gases and
the gases of the first gases source.

[00617] The target gas species is oxygen.

[00618] The predetermined threshold is a threshold of oxygen composition of the
gases flow.

[00619] The predetermined threshold is a threshold of oxygen composition of the
gases flow in excess of an ambient air oxygen concentration.
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[00620] The threshold of oxygen composition is a composition of about 21%.
[00621] The threshold of oxygen composition is a composition of about 25%.

[00622] The gases composition sensor measures an oxygen concentration in a gases
flow past the gases composition sensor.

[00623] The device comprises a third inlet for receiving a supplemental gases flow.

[00624] The second inlet is for receiving a supplemental gases flow of higher
pressure than the supplemental gases flow of the third inlet.

[00625] The device receives a supplemental gases flow from the second inlet when
the device is operated in a high pressure mode.

[00626] The device receives a supplemental gases flow from the third inlet when the
device is operated in a low pressure mode.

[00627] The second inlet and third inlet are of different configurations, such as to
allow the connection of a gases source connector to only one of the second inlet and the
third inlet.

[00628] The second inlet and third inlet are sized differently to each other.
[00629] The gases composition sensor is located downstream of the second inlet.

[00630] The gases composition sensor is located downstream of both the first inlet
and the second inlet.

[00631] The controller operates to detect the connection of a supplemental gases
source to the second inlet substantially continuously, independent of the operation of the
device into either a therapy mode or a non-therapy mode.

[00632] The target threshold of gas composition is settable by a user.
[00633] The first inlet is an ambient air inlet.

[00634] The first gases source is an ambient air source.

[00635] The second inlet is an oxygen inlet.

[00636] The second inlet is a high pressure oxygen inlet.

[00637] The supplemental gases source is a pressurised gases source.
[00638] The supplemental gases source is an oxygen source.

[00639] The triggering of the first alarm is further dependent on the connection of
the supplemental gases source at the second inlet.

[00640] The controller operates the valve to attain the target threshold of gas
composition based on the gases composition reading from the gases composition sensor.

[00641] The gases composition sensor comprises an ultrasonic transducer sensor.
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[00642] The gases composition sensor is located downstream of the second inlet.

[00643] The gases composition sensor is located downstream of both the first inlet
and the second inlet.

[00644] The device is a respiratory support device for providing a flow of gases to a
patient.

[00645] The device comprises a gases mixer for mixing a gases flow from the first
inlet and at least one other inlet, and gases mixer is disposed upstream of the gases
composition sensor.

[00646] The device is or comprises a flow generator for generating a flow of gases
from the inlets to an outlet.

[00647] The flow generator comprises a blower.
[00648] A or the gases mixer is comprised by the blower.

[00649] According to another aspect, the present disclosure provides a method of
detecting the connection of a supplemental gases source to the second inlet of a
respiratory therapy device, the respiratory therapy device comprising a first inlet for
receiving a gases flow from a first gases source, a second inlet for connection of a
pressurised supplemental gases source, a valve operable to control a flow of gases
introduced to the device at the second inlet, a pressure sensor associated with the
second inlet, the pressure sensor located upstream of the valve, the method comprising
the steps of

receiving a pressure reading from the pressure sensor, and
autonomously comparing the pressure reading to a threshold pressure, and

automatically determining that a supplemental gases source is connected at
the second inlet if the reading exceeds the threshold pressure and

generating a command signal.

[00650] The command signal is indicative that a supplemental gases source is
connected at the second inlet.

[00651] The threshold pressure is ambient pressure.

[00652] The threshold pressure is a reference value which is greater than an ambient
pressure.

[00653] The device further comprises a gases composition sensor, and the valve is
operated based at least in part on a) a target threshold of gas composition and b) a
gases composition reading from the gases composition sensor, the method further
comprising the steps of:

monitoring a gases composition reading of the gases composition sensor,
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generating a first alarm if a determination has been made that a
supplemental gases source is connected at the second inlet, but the sensed gas species
concentration is outside the target threshold gas composition, and

generating a second alarm if a) the sensed concentration of the gas species
is below a threshold concentration, the threshold concentration being the sum of a
concentration of the gas species in the gases flow from the first gases source and a
predetermined measurement error of the gases composition sensor, and b) the sensed
gas species concentration is outside of the target threshold gas composition,

wherein the first alarm and second alarm are different from each other.

[00654] The target threshold of gas composition is a target threshold of
concentration of the gas species.

[00655] The target threshold of gas composition is greater than an initial gases
composition reading.

[00656] If the sensed gases composition is less than the target threshold of gas
composition, as a precursor to the triggering of the first alarm the valve is operated to a
more open condition.

[00657] The operation of the valve to a more open condition comprises a progressive
operation of the valve.

[00658] Upon the operation of the valve to a more open condition, checking if the

sensed gas species concentration is in excess of the concentration of the gas species in
the gases flow from the first gases source, but the sensed gas species concentration is
outside the target threshold gas composition.

[00659] The operation of the valve ultimately comprises the operation of the valve to
a fully open condition.

[00660] The triggering of the first alarm is dependent on the valve being at its fully
open condition.

[00661] The triggering of the first alarm is dependent on the valve having been in its
open condition for a first predetermined time period.

[00662] The first predetermined time period is about 10 ms to about 1 min.
[00663] The first predetermined time period is from about 1 s to about 20 s.

[00664] The first gases source is an ambient air source, and the concentration of the
gas species in the gases flow from the first gases source comprises a concentration of an
ambient air gas species.

[00665] The supplemental gas comprises a supply of the gas species, and the gas
species is oxygen.
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[00666] The oxygen concentration in the ambient air is approximately 21%.

[00667] The threshold concentration is the sum of 21% and a measurement error of
the sensor expressed as a percentage.

[00668] The threshold concentration about 22% to about 35%.
[00669] The threshold concentration is about 24%.

[00670] The first alarm indicates to a user that the target threshold of gas
composition cannot be achieved.

[00671] The first alarm indicates to a user that the supply of supplemental gases is
inadequate to achieve the target threshold of gas composition.

[00672] After triggering of the first alarm, the first alarm is cleared if a sensed gases
composition reading reaches or exceeds the target threshold of gas composition.

[00673] The second alarm indicates to a user that supplemental gases from the
supplemental gases source are not being received by the device.

[00674] The first alarm and second alarm each provide a recommendation to a user
to check a supplemental gases supply from the supplemental gases source.

[00675] In association with the triggering of the second alarm a) valve control
dependent on the target gases composition and the gases composition reading is
deactivated, and b) the valve is operated to a closed condition.

[00676] The method further comprising the step of suspending the control of the
device based on the target threshold of gas composition and the gases composition
reading upon the triggering of the second alarm.

[00677] The method further comprising the step of, upon the triggering of the
second alarm, detecting the connection of a supplemental gases source by

pulsing the valve from a closed condition to an open condition,

comparing a gases composition reading from the gases composition sensor to a
predetermined threshold of gases composition, and

dependent on the reading exceeding the predetermined threshold, clearing the second
alarm.

[00678] The comparing of the reading to the predetermined threshold occurs within a
second predetermined time period.

[00679] The comparison of the reading to the predetermined threshold occurs at a
second predetermined time period.

[00680] The comparison of the reading to the predetermined threshold occurs after a
second predetermined time period.
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[00681] The second predetermined time period is a time subsequent to the pulsing of
the valve.

[00682] The second predetermined time is a time such as to allow for a mixing of a
gases flow from the first inlet and the second inlet at the gases composition sensor.

[00683] The second predetermined time period is dependent on a gases flow rate
between the first inlet and second inlet and the gases composition sensor.

[00684] The second predetermined time period is selected from a time of about 1 s
to about 30 s.

[00685] The second predetermined time period is approximately 5 s.

[00686] The method further comprising the step, upon the clearing of the second
alarm, of reactivating the control of the device based on the target gases composition
and the gases composition reading.

[00687] The reactivation of the control of the device based on the target gases
composition and the gases composition reading is further dependent on the expiry of a
time delay.

[00688] The time delay is from about 5 s to about 5 min.
[00689] The time delay is approximately 1 min.

[00690] The reading exceeding the predetermined threshold indicates that a
supplemental gases source is connected at the second inlet.

[00691] The clearing of the alarm is further dependent on the reading exceeding the
predetermined threshold within a second predetermined time period.

[00692] The second predetermined time period is about 1 s to about 30 s.
[00693] The second predetermined time period is about 5 s.

[00694] If the reading does not exceed the predetermined threshold, the second
alarm is maintained, the second alarm being an alarm associated with the receipt of no
supplemental gases from the supplemental gases source by the device.

[00695] If the second alarm is maintained, detection steps for detection the
connection of a supplemental gases source are continued.

[00696] The predetermined threshold is a threshold of gas composition.

[00697] The predetermined threshold is a threshold of a concentration of one or
more target gas species in the gases flow.

[00698] The target gas species is a gas species of the supplemental gases.

[00699] The target gas species is a gas species of both the supplemental gases and
the gases of the first gases source.
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[00700] The target gas species is oxygen.

[00701] The predetermined threshold is a threshold of oxygen composition of the
gases flow.

[00702] The predetermined threshold is a threshold of oxygen composition of the
gases flow in excess of an ambient air oxygen concentration.

[00703] The threshold of oxygen composition is a composition of about 21%.
[00704] The threshold of oxygen composition is a composition of about 25%.

[00705] The gases composition sensor measures an oxygen concentration in a gases
flow past the gases composition sensor.

[00706] The device comprises a third inlet for receiving a supplemental gases flow.

[00707] The second inlet is for receiving a supplemental gases flow of higher
pressure than the supplemental gases flow of the third inlet.

[00708] The device receives a supplemental gases flow from the second inlet when
the device is operated in a high pressure mode.

[00709] The device receives a supplemental gases flow from the third inlet when the
device is operated in a low pressure mode.

[00710] The second inlet and third inlet are of different configurations, such as to
allow the connection of a gases source connector to only one of the second inlet and the
third inlet.

[00711] The second inlet and third inlet are sized differently to each other.
[00712] The method is operated by a controller.
[00713] The gases composition sensor is located downstream of the second inlet.

[00714] The gases composition sensor is located downstream of both the first inlet
and the second inlet.

[00715] The detection of the connection of a supplemental gases source to the
second inlet is operated substantially continuously, independent of the operation of the
device into either a therapy mode or a non-therapy mode.

[00716] The target threshold of gas composition is settable by a user.
[00717] The first inlet is an ambient air inlet.

[00718] The first gases source is an ambient air source.

[00719] The second inlet is an oxygen inlet.

[00720] The second inlet is a high pressure oxygen inlet.

[00721] The supplemental gases source is a pressurised gases source.
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[00722] The supplemental gases source is an oxygen source.

[00723] The triggering of the first alarm is further dependent on the connection of
the supplemental gases source at the second inlet.

[00724] The operation of the valve to attain the target threshold of gas composition
based on the gases composition reading from the gases composition sensor.

[00725] The gases composition sensor comprises an ultrasonic transducer sensor.
[00726] The gases composition sensor is located downstream of the second inlet.

[00727] The gases composition sensor is located downstream of both the first inlet
and the second inlet.

[00728] The device comprises a gases mixer for mixing a gases flow from the first
inlet and at least one other inlet, and gases mixer is disposed upstream of the gases
composition sensor.

[00729] The device is or comprises a flow generator for generating a flow of gases
from the inlets to an outlet.

[00730] The flow generator comprises a blower.
[00731] A or the gases mixer is comprised by the blower.

[00732] According to another aspect, the present disclosure provides a respiratory
therapy apparatus for delivery of a gases flow to a user, the apparatus comprising:

a first inlet for receiving a supplementary gases flow,

a second inlet configured to receive a supplementary gases flow,

a blower to receive a gases flow from one or both of the first inlet and second
inlet and generate a gases flow for delivery to the user,

a first flow path and second flow path for guiding a gases flow from the first inlet
and second inlet respectively to the blower,

a valve and a sensor each located within the second flow path, and

a controller configured to

detect the disconnection of a gases source from the second inlet or the cessation
of provision of a supplementary gases flow through the second inlet, and

respond by operating the valve to close second flow path and/or triggering a first
alarm.
[00733] The controller detects the disconnection of a gases source from the second

inlet or the cessation of provision of a supplementary gases flow through the second inlet
based on a signal received from the sensor located within the second flow path.
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[00734] Subsequent to detecting the disconnection of a gases source from the
second inlet or the cessation of provision of a supplementary gases flow through the
second inlet the controller triggers the first alarm.

[00735] Subsequent to detecting the disconnection of a gases source from the
second inlet or the cessation of provision of a supplementary gases flow through the
second inlet the controller triggers the first alarm and operates the valve to a closed
position to shut the second flow path.

[00736] The first alarm indicates that a gases source has been disconnected from the
second inlet and/or that a supplementary gases flow has ceased to be provided through
the second inlet.

[00737] The apparatus further comprises a gases composition sensor to measure a
concentration of one or more supplementary gases within the gases flow for delivery to
the user.

[00738] The gases composition sensor is located downstream of the blower.

[00739] Subsequent to responding by operating the valve to a closed condition
and/or triggering the first alarm the controller performs the step of comparing a
supplementary gas concentration sensed by the gases composition sensor to a threshold
of supplementary gas concentration.

[00740] There is a time delay between the a) step of detecting the disconnection of a
gases source from the second inlet or the cessation of provision of a supplementary
gases flow through the second inlet and b) the step of comparing the sensed
concentration against the threshold.

[00741] The controller operates the valve to close the second flow path and wherein
there is a time delay between the step of operating the valve and the step of comparing
the sensed concentration against the threshold.

[00742] The time delay comprises about 5 seconds to about 45 seconds.
[00743] The time delay comprises about 10 seconds to about 30 seconds.
[00744] The threshold comprises a decaying threshold.

[00745] The threshold decays from an initial threshold concentration which is above
a second inlet supplementary gases concentration when supplementary gases are being
supplied through the second inlet, and to a final threshold concentration.

[00746] The final threshold concentration is below a minimum supplementary gases
concentration when supplementary gases are supplied through the first inlet.

[00747] The final threshold concentration is above an ambient air concentration of
the supplementary gas.

[00748] The decay comprises an exponential decay.
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[00749] There is a time delay between the step of a) detecting the disconnection of a
gases source from the second inlet or the cessation of provision of a supplementary
gases flow through the second inlet and b) the step of comparing the sensed
concentration against the threshold, and wherein the time delay is about 0.5 seconds to
about 5 seconds.

[00750] The time delay is about 1 second to about 2 seconds.

[00751] The threshold decays at a rate slower than an expected rate of flushing of
second inlet supplementary gases from the apparatus.

[00752] If the sensed supplementary gas concentration exceeds the threshold the
controller determines that a supplementary gases flow is being provided through the first
inlet.

[00753] If the controller determines that a supplementary gases flow is being
provided through the first inlet the controller triggers a second alarm.

[00754] The second alarm indicates that a supplementary gases flow is being
provided through the first inlet.

[00755] The second alarm indicates that the apparatus may be operated in a first
mode, wherein the first mode is dependent on the supply of supplementary gases from
the first inlet.

[00756] The second alarm includes a prompt by which an operator may instruct the
apparatus to be operated in a or the first mode, wherein the first mode is dependent on
the supply of supplementary gases from the first inlet.

[00757] The second alarm indicates that the apparatus will be operated in a or the
first mode.

[00758] In the first mode a closed loop gas control function may not be activated.

[00759] In the first mode the apparatus delivers a supplementary gases flow from
either the first inlet, or both the first inlet and the second inlet.

[00760] The apparatus comprises a third mode wherein the apparatus delivers a
supplementary gases flow from both of the first inlet and the second inlet.

[00761] Subsequent to determining that a supplementary gases flow is being
provided through the first inlet the controller operates the apparatus in a first mode, the
first mode dependent on the supply of supplementary gases from the first inlet.

[00762] The apparatus further comprises a second mode wherein the controller
operates the valve to control a supplementary gases flow delivered by the apparatus.

[00763] In the second mode the controller operates the valve to control a
supplementary gases flow through the second inlet.
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[00764] The step of operating in the first mode comprises an operation from the
second mode to an operation in the first mode.

[00765] In the second mode a closed loop gas control function may be activated.
[00766] In the first mode a closed loop gas control function may not be activated.

[00767] In the first mode the apparatus delivers a supplementary gases flow from
either the first inlet, or both the first inlet and the second inlet.

[00768] The sensor in the second flow path comprises a sensor to sense the
connection of a supplementary gases source at the second inlet.

[00769] The sensor comprises one or more of:

a contact sensor to sense the physical connection of a supplementary gases
source at the second inlet,

a magnetic sensor to sense a magnetic proximity associated with the
connection of a supplementary gases source at the second inlet,

an electrical conductivity sensor to sense a change in electrical conductivity
associated with the connection of a supplementary gases source at the second inlet,

a pressure sensor to sense a pressure of a second inlet connected
supplementary gases source, and

a flow sensor to sense a flow of supplementary gases.
[00770] The sensor in the second flow path is located upstream of the valve.

[00771] The controller determines if a supplementary gases flow is being provided to
the second inlet if a sensed value from the sensor is above a threshold.

[00772] The sensor is a pressure sensor, and the threshold is a threshold of pressure
greater than an ambient air pressure but less than an expected minimum pressure of a
supplementary gases source for connection to the second inlet.

[00773] The first inlet is for receiving a supplementary gases flow from a relatively
low pressure supplementary gases source and the second inlet is for receiving a
supplementary gases flow from a relatively high pressure supplementary gases source.

[00774] The supplementary gases supplied to the first inlet and the second inlet are
the same supplementary gas or gases.

[00775] The supplementary gases supplied to the first inlet and the second inlet are
different supplementary gases.

[00776] The blower mixes gases flow from either or both of the first inlet and second
inlet.
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[00777] The apparatus further comprises an ambient inlet for receiving an ambient
gas or gases or ambient air flow.

[00778] The apparatus further comprises an ambient flow path from the ambient
inlet to the blower.

[00779] The blower is configured to mix gases variously from one or more of the first
inlet, second inlet and ambient inlet.

[00780] The first flow path, second flow path, and a or the ambient flow path
terminate at the blower, such that the blower can receive and mix supplementary gases
from the first and second flow path and ambient gases from the ambient flow path.

[00781] One or more of the first flow path, second flow path, and a or the ambient
flow path are flow paths at least partially in common in at least a region towards the
blower.

[00782] The apparatus comprises a mixed gases flow path located downstream of
the blower for receiving mixed gases from the blower.

[00783] The gases composition sensor is provided within the mixed gases flow path.
[00784] The gases composition sensor is an ultrasonic transducer sensor.

[00785] According to another aspect, the present disclosure provides a method of
operating a respiratory therapy apparatus in response to the disconnection of or
cessation of flow from a supplementary gases source associated with a second inlet of
the apparatus, the apparatus comprising a first inlet and the second inlet each for
receiving respective supplementary gases flows, a blower to receive gases from one or
both of the first inlet and second inlet and generate a gases flow for delivery to the user,
a first flow path and second flow path for guiding a gases flow from the first inlet and
second inlet respectively to the blower, and a valve and a sensor each located within the
second flow path, the method comprising

detecting by a hardware processor the disconnection of a gases source from
the second inlet or the cessation of provision of a supplementary gases flow through the
second inlet, and

responding by operating the valve and/or triggering a first alarm.

[00786] The hardware processor detects the disconnection of a gases source from
the second inlet or the cessation of provision of a supplementary gases flow through the
second inlet based on a signal received from the sensor located within the second flow
path.

[00787] The apparatus further comprises a gases composition sensor to measure a
concentration of one or more supplementary gases within the gases flow for delivery to
the user, the gases composition sensor is located downstream of the blower, and wherein
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subsequent to responding by operating the valve to a closed condition and/or triggering
the first alarm the hardware processor performs the step of comparing a supplementary
gas concentration sensed by the gases composition sensor to a threshold of
supplementary gas concentration.

[00788] If the sensed supplementary gas concentration exceeds the threshold the
hardware processor determines that a supplementary gases flow is being provided
through the first inlet and one or more of:

a) triggers an alarm to notify the user that a supplementary gases flow is
being provided through the first inlet,

b) triggers an alarm to notify a user that an operational mode dependent on
a supply of supplementary gases flow through the first inlet may be activated,

¢) triggers an alarm to notify a user that an operational mode dependent on
a supply of supplementary gases flow through the first inlet will or has been activated,
and

d) activates an operational mode dependent on a supplementary gases flow
being provided through the first inlet.

[00789] According to another aspect, the present disclosure provides a respiratory
therapy apparatus for delivery of a gases flow to a user, the apparatus comprising:

a first inlet for receiving a supplementary gases flow,
a second inlet for receiving a supplementary gases flow,

a blower for receiving a gases flow from one or both of the first inlet and
second inlet and generate a gases flow for delivery to the user,

a first flow path and second flow path for guiding a gases flow from the first
inlet and second inlet respectively to the blower,

a valve and a sensor each located within the second flow path,

a gases composition sensor to measure a concentration of one or more
supplementary gases within the gases flow for delivery to the user, and

a controller to operate the apparatus in a first mode wherein the apparatus
delivers a supplementary gases flow from the first inlet by

determining that a supplementary gases flow is not being provided to the
second inlet based on a signal received from the sensor located within the second flow
path,

comparing a supplementary gas concentration sensed by the gases
composition sensor to a threshold of supplementary gas concentration, and
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operating in the first mode when the sensed supplementary gas
concentration exceeds the threshold.

[00790] The respiratory therapy apparatus further comprises a second mode wherein
the controller operates the valve to control a supplementary gases flow delivered by the
apparatus.

[00791] The step of operating in the first mode comprises an operation from the
second mode to the first mode.

[00792] In the first mode the apparatus delivers a supplementary gases flow from
either the first inlet or both the first inlet and the second inlet.

[00793] The respiratory therapy apparatus further comprises a third mode wherein
the apparatus delivers a supplementary gases flow from both of the first inlet and the
second inlet.

[00794] Subsequent to the step of determining that a supplementary gases flow is
not being provided to the second inlet, the controller triggers a first alarm.

[00795] The first alarm indicates that a supplementary gases flow is not being
provided to the second inlet.

[00796] Subsequent to the step of determining that a supplementary gas is not being
provided to the second inlet, the controller operates the valve to close the second flow
path.

[00797] Before the step of operating in the first mode, the controller triggers a
second alarm.

[00798] The second alarm indicates that a supplementary gases flow is being
provided through the first inlet.

[00799] The second alarm indicates that the apparatus may be operated in the first
mode.

[00800] The second alarm indicates that the apparatus will be operated in the first
mode.

[00801] The second alarm includes a prompt by which an operator may instruct or
approve the apparatus to be operated in the first mode.

[00802] The second alarm includes a prompt which must be approved by an operator
in order for the controller to operate the apparatus in the first mode.

[00803] The threshold comprises a decaying threshold.

[00804] There is a time delay between the a) step of detecting the disconnection of a
gases source from the second inlet or the cessation of provision of a supplementary
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gases flow through the second inlet and b) the step of comparing the sensed
concentration against the threshold.

[00805] The first mode is dependent on a supplementary gases flow through the first
inlet.

[00806] The respiratory therapy apparatus further comprises a second mode wherein
the controller operates the valve to control a supplementary gases flow delivered by the
apparatus.

[00807] In the second mode the controller operates the valve to control a
supplementary gases flow through the second inlet.

[00808] The step of operating in the first mode comprises an operation from the
second mode to the first mode.

[00809] In the second mode a closed loop gas control function may be activated.
[00810] In the first mode a closed loop gas control function may not be activated.

[00811] The sensor in the second flow path comprises a sensor to sense the
connection of a supplementary gases source at the second inlet.

[00812] The controller determines if a supplementary gases flow is being provided to
the second inlet if a sensed value from the sensor is above a threshold.

[00813] The sensor is a pressure sensor, and the threshold is a threshold of pressure
greater than an ambient air pressure but less than an expected minimum pressure of a
supplementary gases source for connection to the second inlet.

[00814] According to another aspect, the present disclosure provides a controller
comprising a memory configured to store a program and one or more processors
configured to execute the program and control a respiratory therapy apparatus to:

detect the disconnection of a supplementary gases source from a second
inlet of the respiratory therapy apparatus or the cessation of provision of supplementary
gases flow through the second inlet, and

respond to a detected disconnection by operating a valve of the second inlet
to close a flow path from the second inlet into the apparatus and/or by triggering a first
alarm.

[00815] To detect the disconnection or cessation of provision of flow the controller
receives a signal from a sensor provided in the flow path from the second inlet into the
apparatus, compares the signal against a predetermined threshold value, and returns a
positive determination of a disconnection or cessation of provision of flow if the signal or
a processed value from the signal is less than the predetermined threshold value.

[00816] The controller is further configured to determine that a supplementary gases
flow is being provided through a first inlet of the respiratory therapy apparatus based on
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a sensed supplementary gases concentration by a gases composition sensor exceeding a
predetermined threshold of supplementary gas concentration.

[00817] According to another aspect, the present disclosure provides a non-
transitory computer-readable medium that stores therein a program causing a
computer to execute a process comprising:

detecting the disconnection of a supplementary gases source from a second
inlet of a respiratory therapy apparatus or the cessation of provision of supplementary
gases flow through the second inlet, and

responding to a detected disconnection by operating a valve of the second
inlet to close a flow path from the second inlet into the apparatus and/or by triggering a
first alarm.

[00818] The step of detecting the disconnection or cessation of provision of flow
comprises receiving a signal from a sensor provided in the flow path from the second
inlet into the apparatus, comparing the signal against a predetermined threshold value
stored in memory, and returning a positive determination of a disconnection or cessation
of provision of flow if the signal or a processed value from the signal is less than the
predetermined threshold value.

[00819] The process further comprises determining that a supplementary gases flow
is being provided through a first inlet based on a sensed supplementary gases
concentration by a gases composition sensor exceeding a threshold of supplementary gas
concentration stored in memory.

[00820] It is intended that reference to a range of numbers disclosed herein (for
example, 1 to 10) also incorporates reference to all rational numbers within that range
(for example, 1, 1.1, 2, 3, 3.9, 4, 5, 6, 6.5, 7, 8, 9 and 10) and also any range of
rational numbers within that range (for example, 2 to 8, 1.5 to 5.5 and 3.1 to 4.7).

[00821] Embodiments described herein can also be said broadly to relate to the
parts, elements and features referred to or indicated in the specification of the
application, individually or collectively, and any or all combinations of any two or more of
said parts, elements or features, and where specific integers are mentioned herein which
have known equivalents in the art to which this invention relates, such known
equivalents are deemed to be incorporated herein as if individually set forth.

[00822] In this specification, where reference has been made to external sources of
information, including patent specifications and other documents, this is generally for the
purpose of providing a context for discussing the features of the present invention.
Unless stated otherwise, reference to such sources of information is not to be construed,
in any jurisdiction, as an admission that such sources of information are prior art or form
part of the common general knowledge in the art.



WO 2021/048744 PCT/1B2020/058351
55

[00823] The term “comprising” as used in this specification means “consisting at
least in part of”. When interpreting statements in this specification which include that
term, the features, prefaced by that term in each statement, all need to be present but
other features can also be present. Related terms such as “comprise” and “comprised”
are to be interpreted in the same manner.

BRIEF DESCRIPTION OF THE DRAWINGS

[00824] The invention will now be described by way of example only and with
reference to the drawings in which:

[00825] Figure 1A shows in diagrammatic form a respiratory therapy apparatus.

[00826] Figure 1B illustrates a sensing circuit board including a flow rate sensor that
may be used in a respiratory therapy apparatus.

[00827] Figures 1C-1D illustrate schematic diagrams of various ultrasonic transducer
configurations for the sensor system using cross-flow beams.

[00828] Figures 1E-1F illustrate schematic diagrams of various ultrasonic transducer
configurations for the sensor system using along-flow beams.

[00829] Figure 2 is a schematic diagram of a closed loop control system.

[00830] Figures 3A-D are schematic diagrams of various configurations of a portion
of a respiratory support device for providing a flow of gases to a patient.

[00831] Figure 4 is a flowchart for the control of a respiratory therapy device.
[00832] Figure 5 is a flowchart for the control of a respiratory therapy device.
[00833] Figure 6 is a flowchart for the control of a respiratory therapy device.
[00834] Figure 7 is a flowchart for the control of a respiratory therapy device.
[00835] Figure 8 is a flowchart for the control of a respiratory therapy device.

[00836] Figure 9 is a chart illustrating an example of a decaying threshold of a
supplementary gases concentration.

[00837] Figure 10 is a flowchart for the control of a respiratory therapy device.

[00838] Figure 11 is a flowchart for the control of a respiratory therapy device.

DETAILED DESCRIPTION

[00839] Reference is made in detail to an embodiment of the present invention,
examples of which is illustrated in the accompanying drawings.
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[00840] Patients suffering from various health conditions and diseases can benefit
from oxygen therapy. For example, patients suffering from chronic obstructive pulmonary
disease (COPD), pneumonia, asthma, bronchopulmonary dysplasia, heart failure, cystic
fibrosis, sleep apnea, lung disease, trauma to the respiratory system, acute respiratory
distress, receiving pre- and post- operative oxygen delivery, and other conditions or
diseases can benefit from oxygen therapy. A common way of treating such problems is
by supplying the patients with supplemental oxygen to prevent their blood oxygen
saturation (Sp02) from dropping too low (e.g., below about 90%). However, supplying
the patient with too much oxygen can over oxygenate their blood, and is also considered
dangerous. Generally, the patient’s SpO2 is kept in a range from about 80% to about
99%, and preferably about 92% to about 96%, although these ranges may differ due to
patient conditions. Due to various factors such as respiratory rate, lung tidal volume,
heart rate, activity levels, height, weight, age, gender, and other factors, there is no one
prescribed level of supplemental oxygen that can consistently achieve a SpO2 response
in the targeted range for each patient. Individual patients will regularly need their
fraction of oxygen delivered to the patient (FAO2) monitored and adjusted to ensure they
are receiving the correct FdO2 to achieve the targeted SpO2. Achieving a correct and
consistent SpO2 is an important factor in treating patients with various health conditions
or diseases. Additionally, patients suffering from these health problems may find benefit
from a system that automatically controls oxygen saturation. The present disclosure is
applicable to a wide range of patients that require fast and accurate oxygen saturation
control.

[00841] The fraction of oxygen delivered to a patient (FdO2) may be controlled
manually. A clinician can manually adjust an oxygen supply valve to change the flow rate
or fraction of oxygen being delivered to the patient. The clinician can determine SpO2
levels of the patient using a patient monitor, such as a pulse oximeter. The clinician can
continue to manually adjust the amount of oxygen being delivered to the patient until the
SpO2 level of the patient reaches a determined level.

[00842] One problem with current methods is that when the clinician is trying to
achieve a specific SpO2 level they would need to alter the FdO2, wait for the Sp0O2
reading to settle, and then apply further changes to the FdO2 until the SpO2 is at the
required level. The repetitive process of altering the FAO2 and waiting for the SpO2 to
settle can be a very time consuming process, particularly if multiple patients are
requiring the same treatment.

[00843] Another problem is the accuracy of the SpO2 that can be achieved. Accuracy
of the SpO2 control can be dependent on how fine the increments are for displayed SpO2
and selectable FdO2. The accuracy may be hampered by the increased amount of time
required to get increasingly accurate values, as a clinician may get close to the ideal
Sp02 and decide not to alter the FdO2 any further.
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[00844] Another problem is that other factors may cause the patient’s SpO2 levels to
change over time without any change in FdO2. Patients would need to be regularly
checked on and have their FAO2 adjusted in order to maintain their SpO2 at the correct
value. This process can be quite time consuming for the clinician. Additionally, if the time
between adjustments is too long, the patient can be at risk of their SpO2 drifting too far
from the targeted level.

[00845] While some systems exist that attempt something similar, many of them are
plagued by further problems stemming from difficulties in measuring patient oxygen
saturation. Pulse oximeters and similar devices generate a signal that lags far behind the
corresponding change in oxygen fraction delivered. Additionally, oxygen saturation
readings can become inaccurate due to various factors.

[00846] The present disclosure provides for closed loop control of a respiratory
therapy apparatus that allows a patient or clinician to set a target SpO2 instead of a
target FdO2. The respiratory therapy apparatus can automatically alter the FdO2 of the
respiratory therapy apparatus to achieve the targeted SpO2 based on values of target
Sp02, current Sp0O2, and current FAO2. Automatically controlling the FAO2 can help to
quickly and accurately adjust the FdO2 until a target SpO2 is achieved. In some
configurations, the system can generate a patient specific model for each patient at the
initiation of a therapy session. The respiratory therapy apparatus can have greater
precision in achieving the targeted SpO2 by adjusting the FdO2, as needed, to stay
within the targeted SpO2 range, without being constantly monitored by a clinician.

[00847] Reference to a concentration of a gas species or in particular the
concentration of a target gas species will be understood to refer at least primarily to a
fraction of inspired gas of that gas species. For example, where the target gas is oxygen,
the concentration of the target species may be understood to refer to a FiO2 value.

[00848] It will be understood that the terms respiratory device, respiratory therapy
device, respiratory support device, and similar may be used interchangeably with the
term respiratory therapy apparatus.

[00849] While generally described as a respiratory support device or respiratory
therapy apparatus, it will be appreciated that the described device or apparatus for use
herein may be for use with a fluid, or a one or more fluids in combination with one or
more gases.

[00850] While generally described as oxygen, a supplemental gas may be any one or
number of other gases. For example, the supplemental gas may be one or any
combination of nitrogen, carbon dioxide, argon, nitrous oxide, or any other gas known to
have any therapeutic application.
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[00851] The present disclosure provides for a respiratory therapy apparatus that can
implement one or more closed loop control systems. Features of the closed loop control
system may be combined with features of one or more configurations disclosed herein.

[00852] The respiratory support device may comprise one or more modes of
operation. These modes may include both one or more therapy modes, in which a
therapy is delivered for a patient, and one or more non-therapy modes, in which a
therapy is not delivered for a patient. The non-therapy modes may comprise one or more
standby modes. In a standby mode the device components, except for a user interface
14 may be inactive or off, and the device is awaiting an input. Such an input instruction
may for example be a user input to transition to a therapy mode. Other input instructions
may include program instructions or other automated internal or external controls
systems.

[00853] The one or more closed loop control systems are systems which can be
operational in one or more therapy modes.

[00854] The one or more therapy modes may comprise one or more high pressure
modes and one or more low pressure modes, or a combination thereof. A high pressure
mode may generally be a mode in which a high pressure supplemental gases flow is to
be used in order to provide the desired therapy. Conversely, a low pressure mode may
generally be a mode in which a low pressure supplemental gases flow is to be used. For
example, high pressure gases may be used to provide the desired therapy. In various
configurations, one or more low pressure modes or one or more high pressure modes
may additionally utilise the other of a high pressure source and low pressure source. For
example, low pressure gases may be used to provide the desired therapy.

[00855] Reference to terms such as high or low pressure gas or high or low pressure
flow will generally be understood to refer variously to a gas or flow of a high pressure
source or low pressure source as described above.

[00856] The respiratory therapy apparatus may operate in an automatic therapy
mode or a manual therapy mode. In an automatic therapy mode, the controller can
automatically control the FdO2 based on a target FAO2 determined based on the target
Sp0O2 and/or measured SpO2. A valve at the oxygen inlet may be connected to the
controller that can control the oxygen concentration in gases flow based on a target
FdO2. The controller can execute a control algorithm that can measure FdO2 output by
the respiratory therapy apparatus. The FdAO2 measurement may be taken periodically at
a defined frequency, such as a maximum sample rate of the gases concentration sensors
or at a lower frequency, or the measurement may be taken aperiodically. The controller
can continue to adjust the valve at the oxygen inlet until the measured FAdO2 arrives at
the target FAO2. The measured FAO2 may be determined by a gases composition sensor.
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[00857] In a manual therapy mode, the controller can receive a target FdO2 from a
clinician or patient, such as via a user interface. The controller can automatically control
the FAO2 based on the received target FdO2. The controller can control the oxygen
concentration in gases flow by controlling the oxygen inlet valve based on a target FdO2.
The controller can execute a control algorithm that can use a measured FdO2 output by
the respiratory therapy apparatus (for example, by a gases composition sensor of the
respiratory therapy apparatus) as an input to the controller. The FAO2 measurement may
be taken periodically at a defined frequency, such as a maximum sample rate of the
gases concentration sensors or at a lower frequency, or the measurement may be taken
aperiodically. The controller can continue to adjust the valve at the oxygen inlet to drive
the measured FdO2 towards the target FdO2. The measured FAO2 may be determined by
a gases composition sensor.

[00858] The respiratory therapy apparatus may be configured to change from an
automatic therapy mode to a manual therapy mode when the SpO2 of the patient is not
within an acceptable patient range. In some instances, the respiratory therapy apparatus
reverts to a manual therapy mode when the SpO2 of the patient is outside of the patient
limits (above or below) or if the patient’s SpO2 did not move within the limits within a
defined period of time after the start of the therapy session. The respiratory therapy
apparatus may revert to a manual therapy mode when the signal quality of the patient
sensor is below a threshold level for a defined period of time. In some configurations, the
respiratory therapy apparatus may trigger an alarm when it switches from an automatic
therapy mode to a manual therapy mode. In some configurations, the respiratory
therapy apparatus may trigger an alarm when the signal quality of the patient sensor is
below a threshold level for a defined period of time. The respiratory therapy apparatus
may continue to function in an automatic therapy mode after the alarm is triggered. The
respiratory therapy apparatus may provide the user, through a graphical user interface,
with an option to disable the alarm or to exit the automatic therapy mode.

[00859] In an automatic therapy mode, the controller may utilize two control loops.
The first control loop can determine a target FAO2 based on the target SpO2. The second
control loop can use the target FAO2 output by the first control loop and measured FdO2
to output an oxygen inlet valve control signal. In a manual therapy mode the controller
may only use the second the control loop, the second control loop can receive a target
FdO2 output from user input or a default value.

[00860] During a high flow respiratory therapy session, the oxygen concentration
measured in the device, fraction of delivered oxygen (FdO2), can be substantially the
same as the oxygen concentration the user is breathing, fraction of inspired oxygen
(Fi02), when the flow rate of gas delivered meets or exceeds the peak inspiratory
demand of the patient. This means that the volume of gas delivered by the device to the
patient during inspiration meets, or is in excess of, the volume of gas inspired by the
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patient during inspiration. High flow respiratory therapy helps to prevent entrainment of
ambient air when the patient breathes in, as well as flushing the patient’s airways of
expired gas. So long as the flow rate of delivered gas meets or exceeds peak inspiratory
demand of the patient, entrainment of ambient air is prevented and the gas delivered by
the device, FdO2, is substantially the same as the gas the patient breathes in, FiO2.

[00861] In such a therapy apparatus capable of one or more closed loop control
systems, the patient or clinician may automatically set a target SpO2, which the control
system operates to attempt to achieve. While such a configuration may provide for
improved therapy such as by reducing or eliminating the need to monitor and adjust
FdO2 by the patient or clinician, there are multiplicities of other factors which may
interfere with the desired operation of such a closed loop control system. For example,
these may relate to user set up of the therapy device including supplemental gases
source connections, the type, quantity, and quality of such supplemental gases being
delivered, and the correct operation of components of the therapy apparatus itself. These
factors may also interfere with the operation of a device which automatically adjusts a
valve of the gases source in order to achieve a desired closed loop control characteristic.

[00862] An example of such a user error may be the user setting up the device
without attaching a high pressure gases source to the high pressure inlet. If this
happened, the device may provide an alarm during therapy if the device is not able to
control the valve of the second inlet to achieve a target FiO2 value, regardless of how
much the valve is opened. However, such an alarm will necessarily only be triggered
once the device attempts to deliver the therapy, and more likely after some time of
attempting to deliver the therapy. If this occurs, the clinician may have already left and
be required to return and fix the fault in order for the patient to receive the therapy.
According to various aspects described herein, a device may be provided where the
device to be able to determine whether the supplementary gases source is connected
during the setup of the device, such that device can notify the user of the lack of a high
pressure gases source either before or at the beginning of the therapy session.

[00863] The foregoing issues may also apply to a user error in the connection of an
incorrect gases source, for example the connection of nitrous oxide to the device instead
of a desired source such as high pressure oxygen. This may present a health risk.
According to various aspects described herein, a device may be provided where the
device to be able to determine whether the desired supplementary gases source is
connected during the setup of the device, such that device can notify the user of the lack
of the desired high pressure gases source either before or at the beginning of the therapy
session.

[00864] In addition, the delivery of supplemental gases such supplemental oxygen
may carry with them safety considerations. The nature of oxygen gas as an oxidiser and
the strong reactivity of oxygen with numerous other substances are examples. Therefore
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in some configurations it may be desirable for a therapy apparatus providing a
supplemental gas, particularly supplemental oxygen, to be able to implement safety
controls or sensing around the delivery of the supplemental oxygen.

[00865] For example, safety concerns may arise when the device is operated from a
therapy mode, being a mode in which therapy by supplemental oxygen delivery provided,
to a non-therapy mode, being a mode in which supplemental oxygen is not delivered.
Cessation of the therapy mode may result in entrained supplemental oxygen within the
therapy apparatus. Such entrained gases may present a fire or other safety risk.

[00866] When a therapy apparatus capable of providing supplemental oxygen is in a
non-therapy mode and particularly a standby mode in which the device is not in use by a
user, supplemental oxygen is not to be supplied. However, undesired or inadvertent
delivery of supplemental oxygen could occur in various circumstances. For example, a
supplemental gases source may be incorrectly connected or undesirably left supplying a
gases flow to the apparatus although it is in a non-therapy mode. Also, a fault within the
apparatus could result in the leakage of the supplemental oxygen through the apparatus.
Any such faults could present the possibility of supplemental oxygen being entrained
within the apparatus, or being delivered by the apparatus outside of a therapy setting.
Dependent on the nature of the supplemental gas and particularly in the case of
supplemental oxygen as previously described, these situations may present fire or safety
risks.

[00867] In another example, additionally or alternatively, safety concerns may arise
when high concentrations of oxygen are provided to patient for example oxygen toxicity
(i.e. retinopathy of prematurity). Therefore it may be important to recognise the oxygen
concentration of the gases, and/or the source of supplemental gas.

[00868] A respiratory therapy apparatus 10 is shown in Figure 1A. The apparatus 10
can comprise a main housing 100 that contains a flow generator 11 in the form of a
motor/impeller arrangement (for example, a blower), an optional humidifier 12, a
controller 13, and a user interface 14 (comprising, for example, a display and input
device(s) such as button(s), a touch screen, or the like). The controller 13 can be
configured or programmed to control the operation of the apparatus. For example, the
controller can control components of the apparatus, including but not limited to:
operating the flow generator 11 to create a flow of gas (gases flow) for delivery to a
patient, operating the humidifier 12 (if present) to humidify and/or heat the generated
gases flow, control a flow of oxygen into the flow generator blower, receiving user input
from the user interface 14 for reconfiguration and/or user-defined operation of the
apparatus 10, and outputting information (for example on the display) to the user. The
user can be a patient, healthcare professional, or anyone else interested in using the
apparatus. As used herein, a “gases flow” can refer to any flow of gases that may be
used in the breathing assistance or respiratory device, such as a flow of ambient air, a
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flow comprising substantially 100% oxygen, fa flow comprising some combination of
ambient air and oxygen, and/or the like.

[00869] The controller 13 may be implemented as a purely hardware controller, as a

software regime running on controller hardware, or as software operational on other non-
dedicated controller hardware of the device. Alternatively, it may be implemented as any
number of combinations of the foregoing implementation examples.

[00870] In various forms the controller 13 may include a processor and a memory.

[00871] It will be understood that the various detection, operation, sensing,
comparison, enabling or disabling, triggering, pulsing, monitoring, receiving, determining
and such like steps by the controller 13 or as part of a method of operation of the device
may be carried out autonomously, automatically, or dynamically. For example, the steps
or various of the steps may be conducted by the controller, whether as a hardware,
hardware and software, or internal or external system implementation, independent of
any other input or control signal. As a further example, they may be conducted
automatically in response to one or more precursor steps or preconditions.

[00872] Where a method or control step or structural element is described to be
associated with another method or control step or structural element, this will generally
be understood to indicate a relationship between the two features. In particular, relation
to method or control steps, it may indicate a relationship of antecedence, dependence,
subsequency, or general connection to the method or controls steps. In relation to
structural elements, it may indicate a functional association between the structural
elements, such as a working relationship to provide a particular result or a connection or
synergy. Alternatively, in relation to structural elements it may indicate a direct physical
relationship between the two structural elements. Where appropriate, further meaning of
the term “associated” in relation to such elements or steps is to be understood from the
surrounding context.

[00873] A patient breathing conduit 16 is coupled at one end to a gases flow outlet
21 in the housing 100 of the respiratory therapy apparatus 10. The patient breathing
conduit 16 is coupled at another end to a patient interface 17 such as a non-sealed nasal
cannula with a manifold 19 and nasal prongs 18. Additionally, or alternatively, the
patient breathing conduit 16 can be coupled to a face mask, a nasal mask, a nasal
pillows mask, an endotracheal tube, a tracheostomy interface, and/or the like. The gases
flow that is generated by the respiratory therapy apparatus 10 may be humidified, and
delivered to the patient via the patient conduit 16 through the cannula 17. The patient
conduit 16 can have a heater wire 16a to heat gases flow passing through to the patient.
The heater wire 16a can be under the control of the controller 13. The patient conduit 16
and/or patient interface 17 can be considered part of the respiratory therapy apparatus
10, or alternatively peripheral to it. The respiratory therapy apparatus 10, breathing
conduit 16, and patient interface 17 together can form a respiratory therapy system.
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[00874] The controller 13 can control the flow generator 11 to generate a gases flow
of the desired flow rate. The controller 13 can also control a supplemental oxygen inlet
to allow for delivery of supplemental oxygen, the humidifier 12 (if present) can humidify
the gases flow and/or heat the gases flow to an appropriate level, and/or the like. The
gases flow is directed out through the patient conduit 16 and cannula 17 to the patient.
The controller 13 can also control a heating element in the humidifier 12 and/or the
heating element 16a in the patient conduit 16 to heat the gas to a desired temperature
for a desired level of therapy and/or level of comfort for the patient. The controller 13
can be programmed with or can determine a suitable target temperature of the gases
flow.

[00875] The second inlet 220, in some embodiments an oxygen inlet, can include a
valve through which a pressurized gas may enter the flow generator or blower. The
valve can control a flow of oxygen into the flow generator blower. The valve can be any
type of valve, including a proportional valve or a binary valve. The source of oxygen can
be an oxygen tank or a hospital oxygen supply. Medical grade oxygen is typically
between 95% and 100% purity. Oxygen sources of lower purity can also be used.
Examples of valve modules and filters are disclosed in U.S. Provisional Application No.
62/409,543, titled “Valve Modules and Filter”, filed on October 18, 2016, and U.S.
Provisional Application No. 62/488,841, titled “Valve Modules and Filter”, filed on April
23, 2017, which are hereby incorporated by reference in their entireties.

[00876] The respiratory therapy apparatus 10 can measure and control the oxygen
content of the gas being delivered to the patient, and therefore the oxygen content of the
gas inspired by the patient. During high flow therapy, the high flow rate of gas delivered
meets or exceeds the peak inspiratory demand of the patient. This means that the
volume of gas delivered by the device to the patient during inspiration meets, or is in
excess of, the volume of gas inspired by the patient during inspiration. High flow therapy
therefore helps to prevent entrainment of ambient air when the patient breathes in, as
well as flushing the patient’s airways of expired gas. So long as the flow rate of delivered
gas meets or exceeds peak inspiratory demand of the patient, entrainment of ambient air
is prevented, and the gas delivered by the device is substantially the same as the gas the
patient breathes in. As such, the oxygen concentration measured in the device, fraction
of delivered oxygen, (FdO2) would be substantially the same as the oxygen

concentration the user is breathing, fraction of inspired oxygen (FiO2), and as such the
terms may can be seen as equivalent.

[00877] Operation sensors 3a, 3b, 3¢, such as flow, temperature, humidity, and/or
pressure sensors can be placed in various locations in the respiratory therapy apparatus
10. Additional sensors (for example, sensors 20, 25) may be placed in various locations
on the patient conduit 16 and/or cannula 17 (for example, there may be a temperature
sensor 29 at or near the end of the inspiratory tube). Output from the sensors can be
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received by the controller 13, to assist the controller in operating the respiratory therapy
apparatus 10 in a manner that provides suitable therapy. In some configurations,
providing suitable therapy includes meeting a patient’s peak inspiratory demand. The
apparatus 10 may have a transmitter and/or receiver 15 to enable the controller 13 to
receive signals 8 from the sensors and/or to control the various components of the
respiratory therapy apparatus 10, including but not limited to the flow generator 11,
humidifier 12, and heater wire 16a, or accessories or peripherals associated with the
respiratory therapy apparatus 10. Additionally, or alternatively, the transmitter and/or
receiver 15 may deliver data to a remote server or enable remote control of the
apparatus 10.

[00878] Oxygen may be measured by placing one or more gas composition sensors
(such as an ultrasonic transducer system, also referred to as an ultrasonic sensor
system) after the oxygen and ambient air have finished mixing. The measurement can be
taken within the device, the delivery conduit, the patient interface, or at any other
suitable location.

[00879] Oxygen concentration may also be measured by using flow rate sensors on
at least two of the ambient air inlet conduit, the oxygen inlet conduit, and the final
delivery conduit to determine the flow rate of at least two gases. By determining the flow
rate of both inlet gases or one inlet gas and one total flow rate, along with the assumed
or measured oxygen concentrations of the inlet gases (about 20.9% for ambient air,
about 100% for oxygen), the oxygen concentration of the final gas composition can be
calculated. Alternatively, flow rate sensors can be placed at all three of the ambient air
inlet conduit, the oxygen inlet conduit, and the final delivery conduit to allow for
redundancy and testing that each sensor is working correctly by checking for consistency
of readings. Other methods of measuring the oxygen concentration delivered by the
respiratory therapy apparatus 10 can also be used.

[00880] The respiratory therapy apparatus 10 can include a patient sensor 26, such
as a pulse oximeter or a patient monitoring system, to measure one or more
physiological parameters of the patient, such as a patient’s blood oxygen saturation
(Sp02), heart rate, respiratory rate, perfusion index, and provide a measure of signal
quality. The sensor 26 can communicate with the controller 13 through a wired
connection or by communication through a wireless transmitter on the sensor 26. The
sensor 26 may be a disposable adhesive sensor designed to be connected to a patient’s
finger. The sensor 26 may be a non-disposable sensor. Sensors are available that are
designed for different age groups and to be connected to different locations on the
patient, which can be used with the respiratory therapy apparatus. The pulse oximeter
would be attached to the user, typically at their finger, although other places such as an
earlobe are also an option. The pulse oximeter would be connected to a processor in the
device and would constantly provide signals indicative of the patient’s blood oxygen
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saturation. The patient sensor 26 can be a hot swappable device, which can be attached
or interchanged during operation of the respiratory therapy apparatus 10. For example,
the patient sensor 26 may connect to the respiratory therapy apparatus 10 using a USB
interface or using wireless communication protocols (such as, for example, near field
communication, WiFi or Bluetooth®). When the patient sensor 26 is disconnected during
operation, the respiratory therapy apparatus 10 may continue to operate in its previous
state of operation for a defined time period. After the defined time period, the respiratory
therapy apparatus 10 may trigger an alarm, transition from an automatic therapy mode
to a manual therapy mode, and/or exit control mode (e.g., automatic therapy mode or
manual therapy mode) entirely. The patient sensor 26 may be a bedside monitoring
system or other patient monitoring system that communicates with the respiratory
therapy apparatus 10 through a physical or wireless interface.

[00881] The respiratory therapy apparatus 10 may comprise a high flow respiratory
therapy apparatus (for example a high respiratory therapy apparatus). High flow therapy
as discussed herein is intended to be given its typical ordinary meaning as understood by
a person of skill in the art which generally refers to a respiratory assistance system
delivering a targeted flow of humidified respiratory gases via an intentionally unsealed
patient interface with flow rates generally intended to meet or exceed inspiratory flow of
a patient. Typical patient interfaces include, but are not limited to, a nasal or tracheal
patient interface. Typical flow rates for adults often range from, but are not limited to,
about fifteen liters per minute (LPM) to about seventy liters per minute or greater.
Typical flow rates for pediatric patients (such as neonates, infants and children) often
range from, but are not limited to, about one liter per minute per kilogram of patient
weight to about three liters per minute per kilogram of patient weight or greater. High
flow therapy can also optionally include gas mixture compositions including supplemental
oxygen and/or administration of therapeutic medicaments. High flow therapy is often
referred to as nasal high flow (NHF), humidified high flow nasal cannula (HHFNC), high
flow nasal oxygen (HFNO), high flow therapy (HFT), or tracheal high flow (THF), among
other common names.

[00882] The flow rates used to achieve “high flow” may be any of the flow rates
listed below. For example, in some configurations, for an adult patient *high flow
respiratory therapy’ may refer to the delivery of gases to a patient at a flow rate of
greater than or equal to about 10 litres per minute (10 LPM), such as between about 10
LPM and about 100 LPM, or between about 15 LPM and about 95 LPM, or between about
20 LPM and about 90 LPM, or between 25 LPM and 75 LPM, or between about 25 LPM and
about 85 LPM, or between about 30 LPM and about 80 LPM, or between about 35 LPM
and about 75 LPM, or between about 40 LPM and about 70 LPM, or between about 45
LPM and about 65 LPM, or between about 50 LPM and about 60 LPM. In some
configurations, for a neonatal, infant, or child patient *high flow respiratory therapy’ may
refer to the delivery of gases to a patient at a flow rate of greater than 1 LPM, such as
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between about 1 LPM and about 25 LPM, or between about 2 LPM and about 25 LPM, or
between about 2 LPM and about 5 LPM, or between about 5 LPM and about 25 LPM, or
between about 5 LPM and about 10 LPM, or between about 10 LPM and about 25 LPM, or
between about 10 LPM and about 20 LPM, or between about 10 LPM and 15 LPM, or
between about 20 LPM and 25 LPM. A high flow respiratory therapy apparatus with an
adult patient, a neonatal, infant, or child patient, may deliver gases to the patient at a
flow rate of between about 1 LPM and about 100 LPM, or at a flow rate in any of the sub-
ranges outlined above. The respiratory therapy apparatus 10 can deliver any
concentration of oxygen (e.g., FdO2), up to 100%, at any flowrate between about 1 LPM
and about 100 LPM. In some configurations, any of the flowrates can be in combination
with oxygen concentrations (FAO2s) of about 20%-30%, 21%-30%, 21%-40%, 30%-
40%, 40%-50%, 50%-60%, 60%-70%, 70%-80%, 80%-90%, and 90%-100%. In some
combinations, the flow rate can be between about 25 LPM and 75 LPM in combination
with an oxygen concentration (FdO2) of about 20%-30%, 21%-30%, 21%-40%, 30%-
40%, 40%-50%, 50%-60%, 60%-70%, 70%-80%, 80%-90%, and 90%-100%. In some
configurations, the respiratory therapy apparatus 10 may include safety thresholds when
operating in a manual therapy mode that prevent a user from delivering too much
oxygen to the patient.

[00883] High flow respiratory therapy may be administered to the nares of a user
and/or orally, or via a tracheostomy interface. High flow respiratory therapy may deliver
gases to a user at a flow rate at or exceeding the intended user’s peak inspiratory flow
requirements. The high flow respiratory therapy may generate a flushing effect in the
nasopharynx such that the anatomical dead space of the upper airways is flushed by the
high incoming gases flow. This can create a reservoir of fresh gas available for each and
every breath, while minimizing re-breathing of nitrogen and carbon dioxide. Meeting
inspiratory demand and flushing the airways is additionally important when trying to
control the patient’s FdO2. High flow respiratory therapy can be delivered with a non-
sealing patient interface such as, for example, a nasal cannula. The nasal cannula may
be configured to deliver breathing gases to the nares of a user at a flow rate exceeding
the intended user’s peak inspiratory flow requirements.

[00884] The term “non-sealing patient interface” as used herein can refer to an
interface providing a pneumatic link between an airway of a patient and a gases flow
source (such as from flow generator 11) that does not completely occlude the airway of
the patient. Non-sealed pneumatic link can comprise an occlusion of less than about
95% of the airway of the patient. The non-sealed pneumatic link can comprise an
occlusion of less than about 90% of the airway of the patient. The non-sealed pneumatic
link can comprise an occlusion of between about 40% and about 80% of the airway of
the patient. The airway can include one or more of a nare or mouth of the patient. For a
nasal cannula the airway is through the nares.
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[00885] The device has a first inlet 210, such as is seen in Figure 3A-D, for receiving
a gases flow from a first gases source. The first gases source may be able to be
connected at the first inlet 210. The first inlet may in various forms be an ambient air
inlet to entrain ambient room air into the blower. The device may comprise a first inlet
port 211.

[00886] The device may also include a second inlet 220 for receiving a gases flow
from a supplemental gases source. In various embodiments, the second inlet 220 is an
oxygen inlet for receiving a supply of oxygen from a pressurised oxygen source. The
second inlet 220 may include an oxygen inlet port 221 leading to a valve 240 through
which a pressurized gas may enter the flow generator or blower 11. The valve 240 can
control a flow of oxygen into the flow generator blower 11. The valve can be any type of
valve, including a proportional valve or a binary valve.

[00887] An example schematic configuration of a portion of a respiratory support
device having both an ambient air inlet 210 and a second inlet 220 for a supplementary
gas such as oxygen is seen in Figure 3A.

[00888] The device may also include a third inlet 230 for receiving a supplemental
gases flow from a supplemental gases source. Examples of a device 10 having such a
configuration are seen in any one of Figures 3B-D. This supplemental gases source may
be the same as the source for the second inlet 220, or may be a different source. For
example, as seen in the configuration of Figure 3B, the supplemental gases source of the
second inlet 220 may be a high pressure oxygen source while the third inlet 230 source
is a relatively lower pressure source. In general, high pressure refers to a gases source
that needs to be further regulated by a valve of the device, while a low pressure gases
source refers to a gases source where the pressure or flow has already been titrated
externally of the device to a target amount, such as by a valve on the gases source itself.

[00889] In such a configuration where the device has a second inlet 220 and third
inlet 230, and only the second inlet 220 is for receiving a flow from a high pressure gases
source, only the second inlet 220 may comprise a second inlet port 221 leading to a
valve 240 for control of the introduction of the pressurised gas into the device. Such a
configuration is shown in Figure 3B, for example. Alternatively, the gases sources may be
sources of a different gas and either or both of the second inlet 220 and third inlet 230
may comprise a valve 240. Independently of comprising a valve 240, the third inlet 230
may also comprise a third inlet port 231 of similar configuration to the second inlet port
221.

[00890] A gases composition sensor 250 is preferably located downstream of the
second inlet port 221 and valve 240, such that a flow of supplementary gases to the
gases composition sensor is controllable by the valve 240.
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[00891] The gases composition sensor 250 may further be downstream of both the
first inlet 210 and second inlet port 221 and valve 240. Such a configuration may be
desirable to allow for a mixing of first inlet and second inlet gases prior to the point at
which they reach the gases composition sensor 250.

[00892] In one configuration the third inlet 230 is for receiving a relatively low
pressure gases supply as compared to that of the second inlet 220. In such a
configuration, the third inlet 230 gases source may be pressure regulated upstream of
the device, such as by a manual valve operable by a user.

[00893] Where the second inlet 220 and third inlet 230 are for receiving between
them a high pressure gases flow and a low pressure gases flow, at least some therapy
modes may be defined by the gases source upon which they at least in part rely, or upon
which their control regime is based. For example, the therapy modes may comprise a
high pressure mode wherein the high pressure gases source is to be utilised, and a low
pressure mode where in the low pressure gases source is to be utilised.

[00894] The inlet ports may be for the attachment of their respective supplementary
gases sources. To this end, the inlet ports may comprise respective connector portions to
interface with connector portions of their supplemental gases sources. In various
configurations, the second inlet port 221 and third inlet port 231 are of different
configurations, such as to discourage or prevent the connection of the third inlet
supplementary gases source to the second inlet 220, or the second inlet supplementary
gases source to the third inlet 230. To this end, the second inlet port 221 and third inlet
port 231 may be sized or externally configured differently to each other. Where the
supplementary gases sources are different, for example a high pressure source and a low
pressure source, this configuration may help prevent the inadvertent connection of the
correct gases source to an incorrect inlet, or an incorrect gases source to the correct
inlet. This may as a result remove failure modes of the therapy delivery.

[00895] The device may in various configurations comprise a pressure sensor 260
associated with the second inlet 220 and more particularly with the second inlet port 221
which leads to the valve 240. The pressure sensor 260 may for example be partially or
entirely contained within the second inlet port 221. The pressure sensor 260 may be
located adjacent the second inlet port 221, or may penetrate through a body of the
second inlet port 221 so as to position the pressure sensor within the port. The controller
13 is configured to receive sensor information from the pressure sensor 260. By being
located upstream of the valve 240, such as seen in Figure 3C, the pressure sensor may
sense a pressure associated with a connected supplemental gases source independent of
an open or closed state of the valve 240. Where the pressure sensor 260 is located
upstream of the valve 240 in the inlet port there may be requirements for sealing of the
pressure sensor in the inlet port. This may be the case where the supplemental gas may
present some safety risks, such as in the case of oxygen. Any need for sealing may



WO 2021/048744 PCT/1B2020/058351
09
additionally be heightened in cases where the device receives an input of a pressurised
supplemental gas. For example, the sensor itself may penetrate a body of the inlet port,
or may have one or more control or power wires which may pass through a body of the
inlet.

[00896] In alternate configurations, the pressure sensor 260 may be located at or
downstream of the valve 240. An example of such a configuration is seen in Figure 3D. In
such a configuration, the location downstream of the inlet port may lessen or eliminate
the requirements for sealing of the sensor within the inlet port.

[00897] The blower can operate at a motor speed of greater than about 1,000 RPM
and less than about 30,000 RPM, greater than about 2,000 RPM and less than about
21,000 RPM, or between any of the foregoing values. For example, the blower can
operate at a motor speed of greater than about 4,000 RPM and less than about 19,000
RPM, or greater than about 6,000 RPM and less than about 17,000 RPM. Operation of the
blower can mix the gases entering the blower through the inlet ports. Using the blower
as the mixer can decrease the pressure drop that would otherwise occur in a system with
a separate mixer, such as a static mixer comprising baffles, because mixing requires
energy.

[00898] With additional reference to Figure 1B, a sensing circuit board 2200 is shown
that can be implemented in the respiratory therapy apparatus 10. The sensing circuit
board 2200 can be positioned in a sensor chamber such that the sensing circuit board
2200 is at least partially immersed in the flow of gases. The flow of gases may exit the
blower 11 through a conduit and enter a flow path in the sensor chamber. At least some
of the sensors on the sensing circuit board 2200 can be positioned within the flow of
gases to measure gas properties within the flow. After passing through the flow path in
the sensor chamber, the gases can exit to the humidifier 12 described above.

[00899] The sensing circuit board 2200 can be a printed sensing circuit board (PCB).
Alternatively, the circuit on the board 2200 can be built with electrical wires connecting
the electronic components instead of being printed on a circuit board. At least a portion
of the sensing circuit board 2200 can be mounted outside of a flow of gases. The flow of
gases can be generated by the flow generator 11 described above. The sensing circuit
board 2200 can comprise ultrasonic transducers 2204. The sensing circuit board 2200
can comprise one or more of thermistors 2205. The thermistors 2205 can be configured
to measure a temperature of the gases flow. The sensing circuit board 2200 can
comprise a thermistor flow rate sensor 2206. The sensing circuit board 2200 can
comprise other types of sensors, such as humidity sensors including humidity only
sensors to be used with a separate temperature sensor and combined humidity and
temperature sensors, sensors for measuring barometric pressure, sensors for measuring
differential pressure, and/or sensors for measuring gauge pressure. The thermistor flow
rate sensor 2206 can comprise hot wire anemometer, such as a platinum wire, and/or a
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thermistor, such as a negative temperature coefficient (NTC) or positive temperature
coefficient (PTC) thermistor. Other non-limiting examples of the heated temperature
sensing element include glass or epoxy-encapsulated or non-encapsulated thermistors.
The thermistor flow rate sensor 2206 can be configured to measure flow rate of the
gases by being supplied with a constant power, or be maintained at a constant sensor
temperature or a constant temperature difference between the sensor and the flow of
gases.

[00900] The sensing circuit board 2200 can comprise a first portion 2201 and a
second portion 2202. The first portion 2201 can be positioned to be within the flow path
of the gases, whereas the second portion 2202 can be positioned to be outside the flow
path of the gases. The direction of the flow of gases is indicated in Figure 1B by the
arrow 2203. The direction of the flow of gases can be a straight line, or curved in shown
in FigurelB.

[00901] Positioning the one or more of thermistors 2205 and/or the thermistor flow
rate sensor 2206 downstream of the combined blower and mixer can take into account
heat supplied to the gases flow from the blower. Also, immersing the temperature-based
flow rate sensors in the flow path can increase the accuracy of measurements because
the sensors being immersed in the flow can more likely to be subject to the same
conditions, such as temperature, as the gases flow and therefore provide a better
representation of the gases characteristics.

[00902] The sensing circuit board 2200 can comprise ultrasonic transducers,
transceivers, or sensors of the sensing circuit board to measure gases properties of the
gases flow, such as gas composition or concentration of one or more gases within the
gases stream. Any suitable transducer, transceiver, or sensor may be mounted to the
sensing circuit board 2200 as will be appreciated. In this configuration, the sensing
circuit board includes an ultrasonic transducer system (also referred to as an ultrasonic
sensor system) that employs ultrasonic or acoustic waves for determining gas
concentrations. Various sensor configurations are described below with respect to Figures
1C-1F.

[00903] The ultrasonic transducer system may determine the relative gas
concentrations of two or more gases in the gases flow. The ultrasonic transducer system
may be configured to measure the oxygen fraction in the bulk gases stream flow, which
consists of atmospheric air augmented with supplemental oxygen, which is essentially a
binary gas mixture of nitrogen (N2) and oxygen (02). It will also be appreciated that the
ultrasonic transducer system may be configured to measure the gas concentrations of
other augmentation gases that have blended with atmospheric air in the gases stream,
including nitrogen (N2) and carbon dioxide (CO2). The ultrasonic transducers can
determine the gas concentration of gases in the gases flow at a relatively high frequency.
For example, the ultrasonic transducers can output a measured FdO2 value at a
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maximum sample rate of the sensors or at a lower frequency than the maximum sample
rate, such as between about 1 Hz and 200 Hz, about 1 Hz and 100 Hz, about 1 Hz and 50
Hz, and about 1 Hz and 25 Hz.

[00904] In some configurations, sensing circuit board 2200 includes a pair of
ultrasonic transducers that are provided on opposite sides of the sensing circuit board.
Various alternative configurations of the ultrasonic transducers can be used for sensing
the characteristics of the gases stream by the transmission and reception of ultrasonic
beams or pulses.

[00905] The distance between the ultrasonic transducers 2204 on opposite ends of
the sensing circuit board 2200 can affect measurement resolution. An increased distance
between each of the ultrasonic transducers 2204 can reduce the proportional or fractional
error, since in general a measured length will have a certain amount of error, and if the
length is increased, the proportion of error generated during measurement is less than
for a shorter length. Thus, the overall uncertainty of the measurement decreases. An
increased distance can also increase measurement resolution and accuracy, since it
allows for a longer time period for acoustic signals between the ultrasonic transducers
2204. However, an increased distance can lead to a weaker signal.

[00906] The ultrasonic transducers 2204 can be positioned such that the space
between the ultrasonic transducers 2204 at least partially coincides with the flow path.

In some configurations, the ultrasonic transducers are positioned on opposing ends of the
sensing circuit board. Because the whole face of the flow path is exposed to the acoustic
path, the sound waves propagate through all of the gases in the flow path. Averaging of
the waves can occur across the entire flow path rather than a section of the flow path.
Averaging over a longer distance reduces error and reduces the dependence of air-
oxygen mixing. The ultrasonic transducers can be configured to measure the gases
characteristics from any angle relative to the flow path.

[00907] Positioning sensors in the flow path or module, instead of outside the flow
path or module, allows the transducers 2204 to both operate within a smaller
temperature range relative to one another, or both substantially at one temperature
(namely, the temperature of the gas flow). Having them at a substantially homogenous
temperature increases accuracy as the transducers are sensitive to temperature.
Further, positioning sensors along the flow path allows for measurements and
calculations that account for the influence of the gas velocity so that the effect of gas
velocity can be removed from the sensor measurement.

[00908] The ultrasonic transducer system is configured as an ultrasound binary gas
sensing system. Binary gas analysis using ultrasound is based on sensing the speed of
an acoustic pulse through the gas sample, which in this case is the bulk or primary flow
of the gases stream flowing through sensing passage of the sensor housing. The speed
of sound is a function of gas mean molecular weight and temperature. The system can
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receive a sensor signal indicative of the temperature of the gases flowing between the
beam path between ultrasonic transducers. With knowledge of sensed speed of sound
and sensed temperature, the gas composition in the gases stream may be determined or
calculated. In particular, measurements of the speed of sound across the sensing
passage may be used to infer the ratios of two known gases by reference to empirical
relationships, standard algorithms, or data stored in the form of look-up tables, as is
known in the art of binary gas analysis with ultrasound. It will be appreciated that
alternatively an estimate of the temperature of the gases stream in the beam path of the
ultrasound transducers may be used in the binary gas analysis calculations if a
temperature sensor is not employed. In such alternative embodiments, the temperature
of the gases stream may be conditioned or controlled to within a narrow temperature
band to enable an estimate of temperature of the gases stream in the beam path to be
used.

[00909] In some configurations, the respiratory therapy apparatus may also be
provided with a humidity sensor that is located in the flow path and which is configured
to generate a humidity signal indicative of the humidity of the gases stream flowing
through the sensor assembly. In such embodiments, the gas composition may be
determined by the sensed speed of sound, and the sensed temperature and/or sensed
humidity. The humidity sensor may be a relative humidity sensor or an absolute humidity
sensor. In some embodiments, the gas composition may be determined based on the
sensed speed of sound and the sensed humidity, without the need for a temperature
sensor.

[00910] The ultrasonic transducer system may be used to measure respective ratios
of any two known gases in a gas composition. The ultrasonic transducer system can
determine the relative gas concentration in a mixture of air blended with supplementary
oxygen, which is substantially equivalent to a nitrogen/oxygen mixture. In such a binary
gas mixture, by monitoring the speed of sound and taking the temperature into account,
the mean molecular weight of the gas can be determined, and thus, the relative
concentrations of the two gases may be determined. From this ratio, the oxygen fraction
or nitrogen fraction of the gases stream may be extracted.

[00911] Referring to Figures 1C-1F, various configurations of the ultrasonic
transducers will be described for the gas composition sensing system for sensing the
speed of sound through the gases stream by the transmission and reception of ultrasonic
beams or pulses. Like reference numerals, represent like components.

[00912] Referring to Figure 1C, the transducer configuration 2300 provides an
arrangement in which there is a pair of transducers 2302, 2304 opposing each other and
positioned on opposite sides of the sensing passage 2306, with the gases flow path
direction indicated generally by 2308. In this configuration, each of the transducers
2302, 2304 is driven as either a dedicated transmitter or receiver, such that ultrasonic
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pulses 2310 are transmitted uni-directionally across the gases flow path from the
transmitter to the receiver transducer. As shown, the transducer pair is aligned (i.e. not-
displaced upstream or downstream from each other) relative to the air flow path
direction 2308 and is configured to transmit cross-flow pulses that are substantially
perpendicular to the gases flow path direction.

[00913] Referring to Figure 1D, an alternative transducer configuration 2320 is
illustrated in which a pair of transducers 2322, 2324 is provided opposing each other on
opposite sides of the sensing passage, but wherein each transducer may operate as both
a transmitter and receiver (i.e., the transducer is an ultrasonic transmitter-receiver or
transceiver). In this configuration, bi-directional ultrasonic pulses 2326 may be sent
between the transducer pair 2322, 2324. For example, pulses may be sent back and
forth alternately between the transducers or in any other sequence or pattern. Again,
the transducer pair is aligned relative to the gases flow path direction and are configured
to transmit cross-flow pulses that are substantially perpendicular to the gases flow path
direction.

[00914] Referring to Figure 1E, an alternative transducer configuration 2360 is
illustrated in which there is a pair of transducers 2362, 2364 opposing each other from
opposite ends of the sensing passage 2306, with the gases flow path direction or axis
indicated generally by 2308. In this configuration 2360, each of the transducers 2362,
2364 is driven as either a dedicated transmitter or receiver, such that along-flow
ultrasonic pulses 2366 are transmitted uni-directionally in a beam path between the
transmitter and receiver that is substantially aligned or parallel with the gases flow path
axis 2308 in the sensing passage 2306. In the embodiment shown, the transmitter is
upstream of the receiver, but it will be appreciated that the opposite arrangement could
be employed. With this configuration, a flow rate sensor is provided in the sensing
passage to provide a flow rate signal indicative of the flow rate of the gases stream in the
sensing passage. It will be appreciated that the speed of sound in the sensing passage
can be derived or determined in a similar manner to that previously described, and that
the flow rate signal is utilized in the signal processing to remove or compensate for the
gases flow rate in the calculated speed of sound signal.

[00915] Referring to Figure 1F, an alternative transducer configuration 2370 is
illustrated in which a pair of transducers 2372, 2374 is provided opposing each other
from opposite ends of the sensing passage like in Figure 1E, but wherein each transducer
may operate as both a transmitter and receiver, i.e. is an ultrasonic transmitter-receiver
or transceiver. In this configuration, bi-directional along-flow ultrasonic pulses 2376 may
be sent between the transducer pair 2372, 2374. For example, pulses may be sent back
and forth alternately between the transducers or in any other sequence or pattern.
Again, the transducer pair are aligned with the gases flow path axis 2308 and are
configured to transmit along-flow pulses in a beam path or paths that are substantially



WO 2021/048744 PCT/1B2020/058351
74
aligned or parallel to the gases flow path axis 2308 in the sensing passage 2306. With
this configuration, a separate flow rate sensor need not necessarily be provided, as the
flow rate component of the speed of sound signal can be directly derived or determined
from processing of the transmitted and received acoustic pulses.

[00916] Some examples of respiratory therapy apparatuses are disclosed in
International Application No. PCT/NZ2016/050193, titled “Flow Path Sensing for Flow
Therapy Apparatus”, filed on December 2, 2016, and International Application No.
PCT/IB2016/053761, titled “"Breathing Assistance Apparatus”, filed on June 24, 2016,
which are hereby incorporated by reference in their entireties.

[00917] With reference again to Figure 1A, the controller 13 can be programmed
with or configured to execute a closed loop control system for controlling the operation of
the respiratory therapy apparatus. The closed loop control system can be configured to
ensure the patient’'s SpO2 reaches a target level and consistently remains at or near this
level.

[00918] The controller 13 can receive input(s) from a user that can be used by the
controller 13 to execute the closed loop control system. Other input instructions may
include program instructions or other automated internal or external controls systems.
The target SpO2 value can be a single value or a range of values. The value(s) could be
pre-set, chosen by a clinician, or determined based on the type of patient, where type of
patient could refer to current affliction, and/or information about the patient such as age,
weight, height, gender, and other patient characteristics. Similarly, the target SpO2 could
be two values, each selected in any way described above. The two values would
represent a range of acceptable values for the patient’s SpO2. The controller can target a
value within said range. The targeted value could be the middle value of the range, or
any other value within the range, which could be pre-set or selected by a user.
Alternatively, the range could be automatically set based on the targeted value of SpO2.
The controller can be configured to have one or more set responses when the patient’s
Sp02 value moves outside of the range. The responses may include alarming, changing
to manual control of FdAO2, changing the FdO2 to a specific value, and/or other
responses. The controller can have one or more ranges, where one or more different
responses occur as it moves outside of each range.

[00919] The graphical user interface of the respiratory therapy apparatus may be
configured to prompt the user to input a patient type, and the SpO2 limits would be
determined based on what the user selects. Additionally, the user interface may include a
custom option, where the user can define the limits.

[00920] Generally, SpO2 would be controlled between about 80% and about 100%,
or about 80% and about 90%, or about 88% and about 92%, or about 90% and about
99%, or about 92% and about 96%. The SpO2 could be controlled between any two
suitable values from any two of the aforementioned ranges. The target SpO2 could be
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between about 80% and about 100%, or between about 80% and about 90%, or
between about 88% and about 92%, or between about 90% and about 99%, or between
about 92% and about 96%, or about 94%, or 94% or about 90%, or 90%, or about
85%, or 85%. The SpO2 target could be any value between any two suitable values from
any two of the aforementioned ranges. The SpO2 target can correspond to the middle of
the SpO2 for a defined range.

[00921] The FdO2 can be configured to be controlled within a range. As discussed
previously, the oxygen concentration measured in the apparatus (FdO2) would be
substantially the same as the oxygen concentration the patient is breathing (Fi02) so
long as the flow rate meets or exceeds the peak inspiratory demand of the patient, and
as such the terms may can be seen as equivalent. Each of the limits of the range could
be pre-set, selected by a user, or determined based on the type of patient, where the
type of patient could refer to current affliction, and/or information about the patient such
as age, weight, height, gender, and/or other patient characteristic. Alternatively, a single
value for FdO2 could be selected, and the range could be determined at least partially
based on this value. For example, the range could be a set amount above and below the
selected FAO2. The selected FdO2 could be used as the starting point for the controller.
The system could have one or more responses if the controller tries to move the FdO2
outside of the range. These responses could include alarming, preventing the FdO2
moving outside of the range, switching to manual control of FAO2, and/or switching to a
specific FdO2. The device could have one or more ranges where one or more different
responses occur as it reaches the limit of each range.

[00922] FdO2 can be controlled between about 21% and about 100%, or about 21%
and about 90%, or about 21% and about 80%, or about 21% and about 70%, or about
21% and about 60%, or about 21% and about 50%, or about 25% and about 45%. The
FdO2 could be controlled between any two suitable values from any two ranges
described. The FAdO2 target could be between any two suitable values from any two
ranges described. If the range is based on the single value, the upper and lower limits
could be decided by adding/subtracting a fixed amount from the selected value. The
amount added or subtracted could be about 1%, or about 5%, or 10 %, or about 15%,
or about 20%, or about 30%, or about 50%, or about 100%. The amount
added/subtracted could change relative to the selected value. For example, the upper
limit could be 20% higher than the selected value, so a selected value of 50% FdO2
would have an upper limit of 60% for the range of control. The percentage used for the
range could be about 1%, or about 5%, or 10 %, or about 15%, or about 20%, or about
30%, or about 50%, or about 100%. The method for calculating the lower limit and the
upper would not necessarily need to be the same. If a single value is used, the value
could be between about 21% and about 100%, or about 25% and about 90%, or about
25% and about 80%, or about 25% and about 70%, or about 25% and about 60%, or
about 25% and about 50%, or about 25% and about 45%.
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[00923] The graphical user interface 14 (GUI) can be configured to display the range
of values between which FdO2 and/or SpO2 are being controlled. The range could be
displayed by having the two limits set apart from each other on the GUI, with an
indicator appearing within the range to graphically represent the position of the current
value with respect to the limits of the range.

[00924] The GUI can display graphs of recent FdO2 and/or SpO2 data. The GUI can
display the level of each parameter on the same or different graphs over a defined period
of time, such as one or more hours. The length of time over which data is displayed could
match the length of the time for which data is currently available.

[00925] FdO2 data displayed can be at least one of the target FdO2 or the measured
FdO2. The SpO2 data can include a line indicating target SpO2. Additionally, or
alternatively, SpO2 and/or FdO2 data can include one or more lines or shaded areas
indicating their respective control limits.

[00926] The graphs can be displayed on the default display. Alternatively, the graphs
can be hidden with only current data values being shown. The graph can become
available through interaction with the GUI, such as by selecting to view a graph for a
defined parameter.

[00927] Where the device is operable in different therapy modes, or is operable
between a standby mode and a therapy mode, the instruction to toggle between any
such modes may be provided at the user interface.

[00928] The configuration of the controller 13 may be such that it receives manual
input from a user by a user interface 14 in or supplemental to the execution of a closed
loop control system. In particular, the controller 13 may receive input from a user by an
input device such as one or more buttons, a touch screen, or the like. The controller may
also be pre-programmed to provide the input, or may receive an input from another
internal or external system.

[00929] With reference to Figure 2 a schematic diagram of the closed loop control
system 1000 is illustrated. The closed loop control system may utilize two control loops.
The first control loop may be implemented by the SpO2 controller. The SpO2 controller
can determine a target FdO2 based in part on the target SpO2 and/or the measured
Sp02. As discussed above, the target SpO2 value can be a single value or a range of
acceptable values. The value(s) could be pre-set, chosen by a clinician, or determined
automatically based on client characteristics. Generally, target SpO2 values are received
or determined before or at the beginning of a therapy session, though target SpO2
values may be received at any time during the therapy session. During a therapy
session, the SpO2 controller can also receive as inputs: measured FdO2 reading(s) from
a gases composition sensor, and measured SpO2 reading(s) and a signal quality
reading(s) from the patient sensor. In some configurations, the SpO2 controller can
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receive target FdO2 as an input, in such a case, the output of the SpO2 controller may be
provided directly back to the SpO2 controller as the input. Based at least in part on the
inputs, the Sp0O2 controller can output a target FAO2 to the second control loop.

[00930] The second control loop may be implemented by the FAO2 controller. The
FdO2 controller can receive inputs of measured FdO2 and target FdO2. The FdO2
controller can then output an oxygen inlet valve control signal to control the operation of
the oxygen valve based on a difference between these measured FdO2 and target FdO2
values. The FdO2 controller may receive the target FAO2 value that is output from the
first control loop when the respiratory therapy apparatus is operating in an automatic
therapy mode. The FdO2 controller may also receive additional parameters such as flow
rate values, gas properties, and/or measured FdO2. The gas properties may include the
temperature of the gas at the O2 inlet and/or the oxygen content of the supply source.
The gases supply source connected to the oxygen inlet valve may be an enriched oxygen
gas flow where the oxygen content of the supply source may be less than pure oxygen
(i.e., 100%). For example, the oxygen supply source may be an oxygen enriched gas
flow having an oxygen content of less than 100% and greater than 21%.

[00931] From at least some of the inputs, the FdO2 controller can determine an
oxygen flow rate that would be required to achieve the target FdO2. The FdO2 controller
can use the flow rate input in order to alter the valve control signal. If the flow rate
changes, the FAO2 controller can automatically calculate a new required oxygen flow rate
required to maintain the target FAdO2 at the new flow rate without having to wait for
feedback from the gas concentration sensor, such as the measured FdO2 value. The
FdO2 controller can then output the altered valve control signal to control the valve
based on the new flow rate. In some configurations, the control signal of the FdO2
controller may set the current of the oxygen valve in order to control operation of the
oxygen valve. Additionally, or alternatively, the FdO2 controller could detect changes to
the measured FdO2 and alter the position of the valve accordingly. During a manual
therapy mode, the second control loop can operate independently without receiving the
target FAO2 from the first control loop. Rather, the target FAO2 can be received from
user input or a default value.

[00932] During the therapy session, the SpO2 and FAdO2 controllers can continue to
automatically control the operation of the respiratory therapy apparatus until the therapy
session ends or an event triggers a change from an automatic therapy mode to a manual
therapy mode.

[00933] As previously described, in some closed loop control systems the device may
measure and adjust the fraction of delivered oxygen FdO2 in order to meet the
requirements of the closed loop control, such as meeting a target FiO2 or FdO2 level, or
a target blood oxygen saturation SpO2.
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[00934] It will be appreciated that the FiO2 value may be equal to the FAdO2 value in
circumstances where the flow rate provided by the device meets or exceeds the
inspiratory demand from the patient.

[00935] Some examples of respiratory therapy apparatuses and closed loop control
systems are disclosed in International Application No. PCT/NZ2018/050137, titled
“Closed loop oxygen control”, filed on 5 October 2018. The content of this application is
herein incorporated by reference in its entirety.

[00936] In various operational conditions it may be desirable to detect the
connection of a supplemental gases source at an inlet, such as the second inlet 220. For
example, it may be desirable to determine the connection status at the second inlet 220
upon the powering on of the device, or the operation of the device in to a therapy mode
such as a therapy mode where the use of the supplemental gases from the second inlet
220 is necessary or desired. An example of such a therapy mode may be the operation of
the device in a closed loop control system, being an automatic therapy mode, or the
operation of the device with a target oxygen concentration in excess of ambient levels,
being a manual therapy mode. In either mode pressurised oxygen may be needed to be
supplied and controlled by the device in order to provide desired therapy outcomes.

[00937] Figures 4 and 5 illustrate flowcharts for the control of a respiratory therapy
device, and in particular the control of such a device in the detection of the connection of
a supplemental gases source at the second inlet 220 at the operation of the device into a
high pressure therapy mode.

[00938] As seen in Figure 4, the device can be operated in either a high pressure
mode in block 301 or a low pressure mode, and a user may toggle between these two
modes, such as by an input at a user interface 14. If the device is in or is toggled into the
high pressure mode of block 301, a user may optionally instruct the device to either
enter into a closed loop oxygen control system or instruct the setting of a target oxygen
concentration of an amount greater than an ambient level, for example an oxygen
concentration of greater than 21%. This is shown in block 303. Alternatively, the
controller may receive such an instruction by programmed instructions of the device or
other automated internal or external controls systems.

[00939] Alternatively, in some configurations the selection of a target oxygen
concentration in greater than ambient or the selection of closed loop oxygen control may
cause the device to be operated into the high pressure mode.

[00940] Directly subsequent to block 303, in block 304, the controller may check if a
sensed oxygen concentration of gases flow is in excess of a threshold. The threshold is
preferably a value in excess of 21%, such as a threshold between about 22% and about
35%. This sensed oxygen concentration may be indicative of the presence of
supplemental oxygen, such as from a third inlet 230. Such a supplemental oxygen source
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may be a low pressure oxygen source, and the flow from the source may not be able to
be controlled by the device. If such a threshold is exceeded, the device may generate a
notification that a low pressure oxygen source has been detected at block 305, and
operate the device into a low pressure mode as seen at block 302. The generation of the
notification and operation of the device into the low pressure mode may be further
dependent on the valve 240 of the second inlet 220 being in a closed condition, or having
been in a closed condition for a certain period of time preceding the determination of
block 304.

[00941] This functionality may be desirable where the provision of the therapy is to
utilise only a supplemental gases flow from a high pressure source, such as is in some
configurations to be connected at the second inlet 220. In such a situation, the delivery
of supplemental gases from a low pressure source may hinder the provision of the
desired therapy, for example because the device is not operable to control the pressure
and or flow of the gases from a low pressure gases source. Alternatively, however, in
various high pressure therapy modes it may be allowable or even desirable for a low
pressure gases flow to be provided, and the functionality of block 304 and 305 may not
be utilised.

[00942] Provided that the threshold is not exceeded, the device as shown at block
306 may check the time since a valve pulse test was last conducted, and if a pulse check
was conducted sufficiently recently, allow the operation of the device into the closed loop
oxygen control system or the setting of the target oxygen concentration in excess of
ambient. This is shown at block 307. If a valve pulse test was not conducted within the
predetermined threshold time, then the controller instructs a further valve pulse test. The
steps associated with such a valve pulse test are shown in blocks 310-314. At block 310
the controller 13 operates the valve 240 through a pulse from a closed condition, to an
open condition, and back to a closed condition. The open condition may be a fully open
condition, or an only partially open condition. The open condition may reflect the setting
of a valve operation current to a maximum allowable or maximum achievable value. The
open condition may not be a fully open condition, but rather a threshold determined
based on a total maximum flow through the valve and the predetermined threshold of
oxygen concentration required for the determination. The purpose of the valve pulse is to
allow a pulse of supplemental gases from the second inlet port 221 - if they are present
- to pass from the inlet port 221, through the valve 240, and into the device. Once part
of the flow of gases through the device, the supplemental gases from the pulse may be
sensed by a gases composition sensor 250. From a sensed increase in a level of the
supplemental gases as at block 312, the controller may determine that a supplemental
gases source is present at the second inlet 220. The sensed level in order to make a
determination that a supplemental gases source is present and the valve pulse time may
each be set dependent on the other respective value. For an example oxygen
concentration threshold of 35% to make a positive determination, the valve pulse may
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involve a total time, or a total time of the valve at its open condition, of about 100 ms to
about 1 s, or about 300 ms.

[00943] Making such a determination based on the sensed oxygen concentration
may be delayed for a predetermined time period, as at block 311 and 314. Such a time
period may be a time so as to allow for passage of the gases flow containing any
supplemental gases inlet at the valve 240 to reach the gases composition sensor 250
and/or to allow time for an adequate mixing of the first inlet and second inlet gases. This
predetermined time may be set based at least in part on a flow condition of the device.

[00944] As at block 313, if the sensed oxygen concentration is not in excess of a
predetermined threshold then the process proceeds to block 315 and the controller can
trigger an alarm indicating that a high pressure oxygen source has not been detected.
This alarm may further specify that the high pressure oxygen source has not been
detected at the second inlet 220. The controller 13 may continue to operate the valve
pulse test following a negative determination. This continued operation of the pulse test
may continue until the controller determines that a supplemental gases source is
connected, or a user intervenes. Such a user intervention may for example be the
manual connection of a supplemental gases source at the second inlet 220, the operation
of the device to a low pressure mode responsive to the notification of block 315, the
cancellation of the instruction to enter a closed loop oxygen control regime, the setting of
a target oxygen concentration at ambient level, or an instruction for the device to enter a
standby mode. In other configurations, the intervention may be an automated
intervention, such as by a preprogramed system of the device or an external control
system.

[00945] In some configurations, the controller may allow a user to override the
notification of block 315 by inputting an acknowledgement the notification or operating a
function to mute or ignore the notification. Overriding the notification would have the
result of bypassing the control steps of blocks 310-313, and instead allowing the entry
into closed loop oxygen control or the setting of the target oxygen concentration in
excess of 21% (not shown in Figure 4).

[00946] If the predetermined threshold of oxygen concentration at block 313 is met
or exceeded, the process may continue to block 316 wherein the controller clears any
alarm indicating that a high pressure oxygen source was not detected. Subsequent to
this clearing, the controller may as at block 317 delay for a predetermined time such as
to allow supplemental gases introduced into the device by the valve pulse to be flushed
from the device. This predetermined time may be set based at least in part on a flow
condition of the device. Following any such delay, the controller will operate the blower to
a target flow rate at block 318, then finally allow the change to the selected closed loop
oxygen control system or target oxygen concentration in excess of ambient at block 307.
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[00947] As a precursor to the valve pulse test, as seen at blocks 308 and 309 the
controller may operate the blower to a flow condition above a minimum level. For
example, it may operate the blower to a flow condition in excess of 2 litres per minute.

[00948] As a further precursor to the valve pulse test, it is desirable that the
operation of the device into a closed loop oxygen control system or setting of a target
oxygen concentration in excess of 21% causes the controller to operate the valve to a
closed condition. It may further be preferable that the controller operates the valve to a
closed condition by default, unless the opening of the valve is instructed as part of a high
pressure therapy mode control regime.

[00949] The alarm at block 315 may be triggered in a number of circumstances. For
example it may occur where a supplemental gases source is not connected at the second
inlet 220. It may occur when a supplemental gases source is connected but no gases are
being delivered by the supplemental gases source. It may also occur when there is a
fault with the valve, such that the valve did not open to allow supplemental gases past it
and to the gases composition sensor.

[00950] Where the device comprises a pressure sensor 260, the controller may be
configured to receive sensor information from the pressure sensor 260, and make a
determination of the connection of a supplemental gases source at the second inlet based
on the sensor information and independent of a pulsing of the valve 240. In such a
configuration, the controller 13 may determine that a supplemental gases source is or is
not connected at the second inlet based solely on the pressure sensor information.
Alternatively, a combination of pressure sensor and pulsing of the valve may be utilised,
for example the controller may utilise the pressure sensor information as a confirmation
of a determination made by a valve pulse test. Further alternatively, pressure sensor
information may be used as a prompt for the device to execute a valve pulse test.

[00951] The controller 13 may operate such a pressure test by reading the pressure
information of the pressure sensor continuously or substantially continuously. This
pressure test may further be operated continuously or substantially continuously
independent of any operational mode of the device.

[00952] The device may also comprise a flow sensor 270, to sense a flow of gases
through the device. The controller may be configured to detect the connection of a
supplemental gases source at the second inlet by the reading of an increased gases flow
by the flow sensor 270 within a predetermined time of the pulsing of the valve. This
determination may be independent of the reading of a signal from the gases composition
sensor and/or the reading of any pressure sensor information.

[00953] Subsequent to a detected connection of a high pressure supplemental gases
source at the second inlet 220, the controller will enter the associated high therapy
mode.
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[00954] As seen in Figure 5, a similar control process to what has been described in
relation to the entry into a high pressure mode or switching from a low pressure mode to
a high pressure mode may also be conducted upon start-up of the device.

[00955] Prior to block 319, the user provides power to the device and/or an input to
the device to cause it to be operational. At block 319 the controller 13 checks if this is
the first time that the device has been started up. If it is the first time the device has
been started up, the device may be set to a low therapy mode and put into standby,
waiting for a user instruction to activate a therapy. This is shown at block 302.
Alternatively, if it is not the first start-up of the device, the controller 13 may check a
previous therapy mode state of the device at block 320, and consequently operate the
device in standby but configured for a low therapy mode at block 302, or a high therapy
mode at block 301. As described in relation to the process of Figure 4, the device may be
able to be toggled by a user between the selection of a high pressure therapy mode or a
low pressure therapy mode.

[00956] Subsequent operation of the device by the controller may be substantially as
described in relation to Figure 4 for blocks 303 and 304. If an excess of the threshold of
oxygen is not detected, the device may proceed to the pulse test status check of 306,
wherein the controller checks if a pulse check was performed sufficiently recently. For
example, the controller 13 may check if a pulse check was performed within the last two
minutes. If the test has been performed sufficiently recently, the controller 13 may
directly allow the selection of the high pressure therapy mode at block 307. At this state,
the device may begin operation of the selected high pressure therapy mode, or may
remain in a standby mode awaiting a user instruction for the therapy to commence. As
previously, this instruction may also be automated, and may be provided by the device
itself or by some external control system.

[00957] If the pulse test was not performed sufficiently recently, the controller
proceeds to execute a valve pulse test at blocks 310-316 as previously described in
relation to Figure 4. As a precursor to the beginning of the valve pulse test the controller
13 may additionally operate the blower to a desired flow condition, such as to provide a
desired flow of gases from the inlets of the device to the gases flow sensor. For example,
this may be a flow rate of about 2 litres per minute. Such an operation may be necessary
in the control situation of Figure 5 as the device has begun from an off condition, and the
blower may not be activated.

[00958] As the device at the beginning of the valve pulse test may still be in a
standby mode, where a therapy is not being delivered, it may additionally be desirable to
disable any alarm for the detection of supplemental oxygen while in a standby mode.
Accordingly, as a precursor to the valve pulse test of blocks 310-316 which may result in
the introduction of supplemental oxygen to the system while in standby mode, the
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controller 13 may disable the triggering of an alarm for the detection of oxygen in a
standby mode.

[00959] As the device in the process of Figure 5 has been operated from an off state,
there may be a reduced amount of supplemental oxygen entrained within the device
subsequent to a successful detection of a supplemental gases source at block 315 and
316. Accordingly, the controller 13 may require a relatively reduced delay period to allow
for the flushing of the supplemental gases from the device. For example as shown in
Figure 5, the controller 13 may delay for about 30 seconds.

[00960] If an alarm for the detection of oxygen in a standby mode was disabled at
block 321, the controller 13 may re-enable it at block 322.

[00961] A detected lack of connection of a supplemental gases source at the second
inlet may be due to a variety of possible reasons. For example, these may include:

. The high pressure gases source is not connected to the device.

° A low pressure gases source has been connected to the low pressure gases
inlet instead of a high pressure gases source being connected to the high pressure
inlet.

. The high pressure gases source was incorrectly connected to the low

pressure inlet.

. A low pressure gases source was incorrectly connected to the high pressure
inlet.

° The high pressure gases source was incorrectly connected to the device.

° A valve on the high pressure gases source was not opened.

. A blockage has occurred either in the high pressure gases source, or in the
device itself.

. The valve at the high pressure inlet is damaged and/or malfunctioning.

. The high pressure gases source has run out (most applicable when an

oxygen bottle is being used).

. The wrong high pressure gases source is being used (for example, a high
pressure nitrogen source is being used instead of a high pressure oxygen source).

[00962] The operation of the respiratory therapy device to detect such fault
conditions or issues may provide improved functionality to a respiratory therapy device,
such as by improving the likelihood of correct identification of therapy-interfering faults
so that they can be remedied and the desired therapy continued.

[00963] The source detection test may also be utilised in the operation of the device
to assist a user in selecting the correct therapy mode. For example, the use of the source
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detection test may not allow a user to select a high pressure therapy mode where the
supplemental gases source is not available to provide the associated therapy in the high
pressure mode.

[00964] As previously discussed, the use of various supplemental gases such as
supplemental oxygen by the device may present safety risks. For example, if one or
more supplemental gases source are connected to the device but the device is not in a
therapy mode, for example it is in a standby mode, it may be possible that supplemental
oxygen is still passed from the supplemental gas source. This could occur for example by
the incorrect or not full closing of a valve 240 in association with a high pressure oxygen
source, or the operation external of the device of a low pressure oxygen source to begin
to flow. This could occur by a user accidentally or inadvertently opening a valve
associated with the low pressure source, the failure of that valve, or the fact that the
valve was not shut off when a therapy mode was terminated.

[00965] To this end it may be desirable when the device is operated in a standby
mode for the controller to operate a test to detect the presence of supplemental oxygen
above a predetermined allowable threshold. Figure 6 illustrates a flowchart for the control
of a respiratory device for the detection of supplemental oxygen in a standby mode.

[00966] At block 330 the device is in a standby mode. The controller 13 is then
operated to measure an oxygen concentration sensed at the gases composition sensor
250. If the measured oxygen concentration exceeds a predetermined allowable threshold
of oxygen concentration at block 331, the controller proceeds to block 332 and triggers
an alarm indicating the detection of supplemental oxygen. Responsive to this alarm, the
device may also operate the blower to a predetermined flow rate to assist in purging the
supplemental oxygen from the device, as an attempt to reduce or manage any safety risk
posed by the supplemental oxygen. The controller 13 may then proceed at block 334 and
335 to continue to measure an oxygen concentration reading from the gases composition
sensor 250 until a reading below the predetermined allowable threshold is sensed. Only
once the sensed value is below the predetermined threshold may the controller 13 clear
the alarm for the detection of oxygen in the standby mode.

[00967] Similarly, if a supplemental oxygen level in excess of the predetermined
allowable threshold of oxygen is not detected at block 331, the controller 13 may
continue to operate the step of blocks 330 and 331 continuously or substantially
continuously while the device remains in a standby mode.

[00968] The predetermined allowable threshold of oxygen may be any threshold in
excess of ambient levels, in normal conditions a level in excess of 21%. In some
situations, the threshold may be the sum of the ambient level and a calculated
measurement error of the gases composition sensor. For example, if the error was known
to be an absolute amount of 3% concentration, the threshold may be set at 24%.
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[00969] The alarm triggered at block 332 may additionally indicate that supplemental
oxygen has been detected from the first supplemental gases source. Such an indication
may be dependent on the operation of a valve pulse test as previously described, where
the valve pulse test does not result in an increased level of sensed oxygen concentration
by the gases composition sensor. Alternatively or in addition, such an indication may be
dependent on the controller determining that the valve 240 is in a closed condition.

[00970] Another situation in which entrained supplemental gases within the device
may be undesirable is following a user direction to cease a therapy mode and enter a
standby mode. In the therapy mode, supplemental gases may have been being delivered
by the device. As such, when the therapy mode is terminated there may be residual
supplemental gases entrained within the device.

[00971] Figure 7 illustrates an example flowchart of a process for the operation of
the device from a therapy mode into a standby mode in order to mitigate any potential
risks posed by entrained supplemental gases.

[00972] Preceding block 340, the device was delivering a therapy in a therapy mode.
At block 340 the user toggles the device to a standby mode. This toggling may represent
a request from the user to enter the standby mode, but this request may not be acted on
and the device may not enter the standby mode until the transition process is completed.

[00973] At block 344 the controller 13 sets the blower to a predetermined flow
condition such as to assist in the flushing of the supplemental gases from the device. The
controller sets a timer at block 345, and may continue to operate the blower at the
predetermined flow condition until the expiry of the timer at block 348. The controller 13
may then allow the operation of the device into the standby mode.

[00974] In addition to this process, the controller 13 may additionally at blocks 346
and 347 sense a supplemental gases concentration from the gases composition sensor to
check if it is less than a predetermined allowable threshold. The predetermined allowable
threshold of oxygen may be any threshold in excess of ambient levels, in normal
conditions a level in excess of 21%. In some situations, the threshold may be the sum of
the ambient level and a calculated measurement error of the gases composition sensor.
For example, if the error was known to be an absolute amount of 3% concentration, the
threshold may be set at 24%. If the sensed oxygen concentration is below the
predetermined allowable level, the controller may bypass the time limit and allow the
operation of the device into the standby mode.

[00975] As a precondition to the running of the timer and/or the checking of a gases
composition reading below the predetermined allowable threshold, the controller 13 may
as demonstrated at block 344 set the blower to a flow rate such as to assist in the
flushing of the supplemental gases from the device or such as to provide a desired gases
flow past the gases composition sensor.
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[00976] Where the device is to be operated to flush gases from the device, this will
be understood to involve a purging from the device of a desired amount of the gases
contained within the device or a particular target gases contained within the device. For
example, this may comprise a reduction of the level of a target gases, such as oxygen,
within the device to below a safe threshold. Such entrained gases may present a fire or
other safety risk.

[00977] The flushing of gases may also act to remove residual humidity from the
device, and in particular from about the gases composition sensor 250.

[00978] The controller 13 may further optionally at block 341 check the therapy
mode state of the device at the time of the user toggling into the standby mode. If the
device is operated in a high pressure mode, the controller may then proceed to block 342
and operates the valve 240 of the second inlet 220 to a fully closed condition. If instead
the device is not operated in a high pressure therapy mode, for example it was operated
in a low pressure therapy mode, the controller at block 343 may generate an instruction
to the user to turn off the low pressure supplemental gas supply. This may be the gases
source which is associated with the third inlet 230.

[00979] If the triggering of an alarm for the detection of oxygen is not by default
enabled, or could be disabled and not re-enabled in the prior therapy mode, the
controller at block 349 may additionally enable this alarm.

[00980] As described, various high pressure and/or low pressure therapy modes may
require the use of supplemental gases as delivered from a supplemental gases source. If
the supplemental gases are not delivered, or are not delivered in the necessary quantity
or quality, or are not delivered from the desired source or to the desired inlet, the
therapy may be compromised or may not be possible to be provided.

[00981] Examples of reasons that the device is unable to achieve the target oxygen
concentration even through the oxygen concentration is in excess of ambient levels may
include:

. The high pressure oxygen source isn’t producing a sufficient amount of
oxygen (e.g. the oxygen bottle is almost empty).

) The high pressure oxygen source is not connected correctly.

. The high pressure oxygen source has just been disconnected (i.e.
supplemental oxygen is no longer being supplied, but the FiO2 is still greater than
21% due to the final oxygen still being flushed from the device).

. The device is actually being supplied with oxygen from a low pressure
oxygen source via the low pressure gases inlet.

[00982] Examples of reasons why the sensed oxygen concentration may remain 21%
when the target oxygen concentration is in excess of 21% may include:
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) The high pressure oxygen source is not supplying any oxygen (e.g. the
oxygen bottle has completely run out).

° The high pressure oxygen source has been disconnected.

[00983] Figure 8 demonstrates an example flowchart for the process of detection of
various oxygen source issues during the operation of the device in a manual high
pressure therapy mode, being a mode in which the target oxygen concentration is in
excess of 21%.

[00984] At block 350 the controller adjusts the valve according to the manual
therapy mode control regime. Preferably continuously or periodically throughout this
control regime, the controller 13 operates the check of block 351 as to whether the
target oxygen concentration is in excess of the sensed oxygen concentration by the
gases composition sensor 250. If the sensed oxygen concentration is not in excess of the
target, and the valve is fully open as at block 352, the controller 13 may trigger an alarm
shown at block 354. This alarm may be indicative that insufficient levels of oxygen are
being delivered.

[00985] The controller 13 may be operable to additionally trigger an alarm indicative
of the receipt of no supplemental gases by the device. This alarm may be generated as
seen at block 359 provided that several conditions are met. The controller may first
measure a sensed oxygen concentration at block 355, and at block 356 check if the
target oxygen concentration exceeds the sensed value. If it does, the controller proceeds
to block 358, the first condition for the triggering of the second alarm which is indicative
of the receipt of no supplemental gases by the device. This first condition may be, as
shown at block 358, that the sensed oxygen concentration is approximately at or below a
threshold concentration. This threshold concentration may be the sum of the
concentration of oxygen in the first gases source gases and a known measurement error
value of the gases composition sensor. For example, where the first gases source is an
ambient air source and the oxygen concentration is being sensed, the threshold
concentration may be 21% plus the known error of the gases composition sensor. The
second condition may be, as seen at block 356, that the sensed oxygen concentration is
less than the target oxygen concentration set by the user in the manual therapy mode.
By the combination of these two conditions the controller 13 may determine that
supplemental oxygen is not being received by the device. Accordingly, the controller may
trigger the alarm indicating that supplemental gases are not being received as shown at
block 359.

[00986] Further to this process, if the target oxygen concentration at block 351 has
not been met, the controller at block 352 may check that the valve 240 is fully open, and
if not return to the manual control regime of block 350. In this situation this would
include an opening of the vale further in order to attempt to reach the target oxygen
concentration. While described as fully open, such a fully open condition of the valve may
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not represent a physical maximum open condition, but rather a maximum desired degree
of opening. This desired degree of opening may be determined based at least in part on
the flow rate of gases through the device and/or the target oxygen concentration.

[00987] If the valve is sensed to be fully open at block 352, the controller may
continue to block 353. At block 353, the measured oxygen concentration may be
compared against the ambient oxygen concentration. This may be a sensed ambient
concentration, such as from the ambient air inlet 210, or it may be a preprogramed
ambient oxygen concentration value, such as 21%. If the sensed oxygen concentration is
in excess of the ambient oxygen concentration, the controller may proceed to block 354
as will be described. Otherwise, if the sensed oxygen concentration is in excess of the
ambient oxygen concentration, the controller may proceed to block 359.

[00988] If the target gases composition is sensed to have been met or exceeded at
block 356, then the controller 13 may clear any alarm indicating insufficient oxygen is
being delivered at block 357 before returning the device to the manual therapy mode
control regime of block 350.

[00989] The triggering of the second alarm at block 359 may additionally result in
the controller 13 suspending the manual therapy mode control regime of block 350, as
seen at block 360. Following block 360, the controller 13 may proceed to operating a
valve pulse test as shown at blocks 361-364. As previously described, the valve pulse
test may be desirable for determining the connection of a supplementary gases source at
the second inlet 220. The controller 13 may continue to operate the valve pulse test
substantially continuously or periodically until a positive test result is received. Following
the receipt of a positive test result, the controller may proceed to block 365 and clear the
second alarm.

[00990] The controller may then delay for a predetermined time period as at block
366 in order to flush the supplemental gases entered into the device by the valve pulse
test from the device. Subsequent to the deactivation of the second alarm and any delay
expiring, the controller 13 preferably re-enables the manual therapy mode control regime
at block 367 and allows the therapy to continue.

[00991] The first alarm, as at block 354, may indicate to a user that the target
oxygen composition cannot be achieved. It may additionally or alternatively direct a user
to check the connection of the supplemental gases source at the second inlet 220.

[00992] The second alarm, as at block 359, may indicate to the user that no
supplemental oxygen is being received. This alarm may direct a user to connect a
supplementary gases source at the second inlet, and/or to check the connection of any
connected supplementary gases source at the second inlet.

[00993] Where the device comprises a pressure sensor 260 located in the second
inlet 220 and upstream of the valve 240 of the second inlet, the controller may
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additionally or alternatively detect the connection of a supplemental gases source at the
second inlet by monitoring a pressure signal from the pressure sensor 260. Such a
pressure signal may be monitored by the controller 13 and used to indicate the
connection status of a gases source at the second inlet 220 independent of any therapy
mode state of the device, including any operational state of the valve 240.

[00994] The use of the pressure sensor 260 to indicate the connection status of a
supplementary gases source at the second inlet 220 may be used in addition to or
alternatively of the valve pulse test as described herein.

[00995] In addition or alternatively to the pressure sensor 260, the device may
comprise a gases flow sensor 270. The gases flow sensor may be utilised to detect the
connection of a supplemental gases source at the second inlet due to a controller sensed
increase in the sensed flow above a threshold within a predetermined time after the
pulsing of the valve in a valve pulse test. This sensing may be operated independently of
any gases composition reading from a gases composition sensor 250.

[00996] In various forms the device may comprise primarily a pressure sensor 250
associated with the second inlet 220 and upstream of the valve 240, where the controller
is configured to detect the connection of a supplemental gases source at the second inlet
220 based at least in the first instance on a reading from the pressure sensor. In such a
configuration, the controller 13 may monitor the pressure reading from the pressure
sensor 240 and if the pressure exceeds a threshold pressure, determine that a
supplemental gases source has been connected at the second inlet 220.

[00997] For example, if the inlet 220 is initially at ambient pressure, the connection
of a pressurised supplemental gases source will result in an increase in pressure sensed
at the pressure sensor 260. Provided that the predetermined threshold is less than the
pressure of the supplemental gases source, the controller will be able to make a
determination that the source is connected at the second inlet. Such a configuration may
be able to be sensed independent of a closed or open state of the valve 240, provided
that the valve 240 in a fully open condition or any other downstream component of the
device provides some degree of impedance to the flow from the pressurised gases
source.

[00998] The device comprising the pressure sensor 250 may additionally comprise a
gases composition sensor and may monitor for an alarm upon the occurrence of an
insufficient supplemental gas delivery or absence of supplemental gas as previously
described in relation to Figure 7.

[00999] In various operational conditions it may be desirable to detect the
disconnection of a supplementary gases source from an inlet, or otherwise the cessation
of flow of supplementary gases from the inlet, of a respiratory therapy device or
apparatus.
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[001000] The disconnection of or cessation of flow from a supplementary gases source
(hereinafter simply referred to as a gases source disconnection, but understood to refer
to any situation in which a flow from a gases source to the device ceases) may affect the
ability of the respiratory therapy device to provide a predetermined treatment. For at
least this reason, it may be desirable to notify a user or operator of the disconnection of
the source.

[001001] Such a notification may be in the form of an alarm or other alert, either on
the respiratory therapy device itself or to some external device, for example a wireless
mobile device with which the respiratory therapy device is directly or indirectly in
communication. The alarm or alert may provide an audible, visual, or kinaesthetic
notification to a user or operator, and may be presented on the respiratory therapy
device itself or on any external connected device.

[001002] For example, an alarm or alert may be presented on a GUI of the respiratory
therapy device itself, or a GUI of a connected device such as a user or operator’'s mobile
device such as a smartphone, or a screen of a nurses monitoring station. Any such GUI
or screen may be a black and white screen or a colour screen. In some implementations
it may further be a touch screen.

[001003] As a result of or in addition to changing a type or nature of respiratory
support (i.e. respiratory therapy) that the device may provide, it may be desirable to
operate various components of the device in response to the disconnection of a gases
source. For example, particularly where a previous therapy mode is no longer able to be
provided without the supplementary gases flow from the source, it may be desirable that
the device is operated in a different therapy mode. In such or other examples, it may be
desirable to notify a user or operator that the current therapy mode may no longer be
provided, or may be provided with differing characteristics.

[001004] Where the device may be operated in a different therapy mode subsequent
to the disconnection it may be desirable or even necessary to notify or obtain the
approval of a user or operator of this proposed, impending, or already operated change
to the therapy mode.

[001005] Where a source is disconnected it may be desirable to operate various
components of the device accordingly. For example, where a valve is associated with an
inlet from which a supplementary gases source is determined to be disconnected, it may
be desirable to operate the valve to a closed condition. This may for example be for
safety, either to prevent leakage of gases from the inlet to the surroundings, or to
prevent the provision of supplementary gases from a reconnected source at that inlet
without first an opening of the valve.

[001006] Such a valve may be a proportional valve. In other configurations it may be
a one-way mechanical valve.
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[001007] Various additional features and aspects may be compounded with or flow
from the detection of the disconnection of a gases source. For example, various
operational situations may involve the disconnection of one gases source and the
reconnection or initiation of flow from another gases source, or the same gases source at
the same or a different inlet of the device.

[001008] In an example situation, a respiratory therapy device may first be connected
to a high-pressure supplementary gases source. For a variety of reasons, it may be
desired to instead operate the device with a low-pressure supplementary gases source.
To effect this, a user or operator may disconnect or shut off the gases flow from the
high-pressure source. Either prior to, concurrent with, or subsequent to disconnecting or
turning off the gases flow from the high-pressure gases source, the user or operator may
connect or begin flow from an already connected low-pressure gases source.

[001009] It may be desirable that the device can operate to detect such a source
connection. As with the disconnection of a source, the connection of a source may one or
both of affect the provision of an existing therapy where one is concurrently being
provided, or change the types of therapy or characteristics of the therapy which may be
provided by the respiratory therapy device.

[001010] Where the connection of a gases source is detected, it may be desirable to
alert a user to this detection and/or operate the device in various ways. For example, if
the connection of a supplementary gases source is detected the device may alert the
user of this detection.

[001011] Where the connection of the gases source may alter any respiratory therapy
that is being provided, or may enable the operation of the device in other respiratory
therapy modes, it may additionally be desirable to alert a user or operator of this.

[001012] The device may be operated in a different therapy mode as a result of the
connection of the gases source. It may be desirable or even necessary to notify a user or
operator of a proposed, impending, or already operated change to the therapy mode. In
addition, it some configurations it may also be desirable or necessary to or obtain the
approval of the user or operator of a change to the therapy mode.

[001013] As previously described, a respiratory therapy apparatus may include one or
more but preferably a plurality of inlets. These may include one or more inlets for
connection of a supplementary gases source or supplementary gases sources. For
example, they may include a first inlet 210 and a second inlet 220 such as are seen in
Figure 1A, each for receiving either a same or different supplementary gases flow or
flows.

[001014] Such inlets may also include one or more ambient air inlets, for receiving
ambient air into the apparatus.
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[001015] Gases received from the inlets, whether for supplementary gases or ambient
air, passes to a flow generator, such as a flow generator 11 seen in Figure 1A. In various
forms the flow generator may be in the form of a blower, which receives the inlet gases
and generates a gases flow for delivery to a user of the apparatus.

[001016] In some configurations the blower may additionally mix the received inlet
gases flow or flows.

[001017] Between each inlet and the blower is an associated flow path. For example,
where there is a first inlet 210 and a second inlet 220, there may be a respective first
flow path and second flow path for guiding the gases flows from the respective inlets 210
and 220 to the blower 11. Where there are further inlets there may be further associated
flow paths.

[001018] The flow paths between the inlets and the blower may be substantially or
entirely separate from each other. In other configurations they may be at least partially
shared. For example the flow paths may define separate flow paths in at least a portion
towards two or more of the inlets, and a shared flow path or paths in at least a portion
towards the blower.

[001019] In at least one configuration the first flow path and second flow path may
terminate at the blower, and be pneumatically isolated from each from their respective
inlets to their termination at the blower. Such a configuration may reduce a potential for
gases of the respective flow paths being mixed upstream of the blower. Where for
example one flow path contains oxygen gas and the other an ambient air, this isolated
configuration may prevent the ambient air becoming more highly oxygenated upstream
of the blower.

[001020] However the flow path or paths between the one or more inlets and the
blower are configured the flow path or paths may pass through a filter to filter out
particulate materials and potentially other components from the gases flow or flows. For
example, such a filter may be to filter microbes or aerosols. In one example a HEPA filter
may be used.

[001021] Where the disconnection of a gases sources is to be detected from a
particular inlet, for example the second inlet 220, the respiratory therapy apparatus may
include a sensor such as the sensor 260 or 270 seen in Figure 3C and Figure 3D,
provided within the flow path from the second inlet to the flow generator.

[001022] The purpose of such a sensor is to provide sensor information to a controller
of the respiratory therapy apparatus. The sensor information that is provided when a
gases source is supplying a gases flow to the second inlet will be different from the
sensor information that is provided when no gases flow is being supplied to the second
inlet.
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[001023] For example, the sensor may be a pressure sensor which may sense a first
pressure when a gases source is not connected at the second inlet and a second pressure
when the gases source is connected at the second inlet.

[001024] In other forms the sensor may, by way of example only, comprise one or
more of the following. The sensor may be a contact sensor to sense the physical
connection of a supplementary gases source at the second inlet. The sensor may be a
magnetic sensor to sense a magnetic proximity associated with the connection of a
supplementary gases source at the second inlet. The sensor may be an electrical
conductivity sensor to sense a change in electrical conductivity associated with the
connection of a supplementary gases source at the second inlet. The sensor may be a
flow sensor to sense a flow of supplementary gases. As a final example, the sensor may
be a gases composition sensor such as been elsewhere described herein.

[001025] While described particularly in relation to the second inlet 220, which may in
various forms be for the connection of a high-pressure supplementary gases source, one
or more of such sensors may be implemented at any one or more of the inlets of the
apparatus.

[001026] In at least some configurations where the apparatus includes two inlets for
supplementary gases, being a first inlet and a second inlet, one may include one or more
of such sensors while the other does not.

[001027] In addition to a sensor such as described above, the respiratory therapy
apparatus may also include a valve operable on an inlet, for example the second inlet
where it is also provided with the sensor. An example of such a valve is seen in the valve
240 of Figure 3C and 3D.

[001028] While in various forms the sensor may be provided downstream of the valve
within the flow path of the second inlet 220, such as is seen in the example of Figure 3D,
it may be preferable in at least some embodiments that the sensor be provided upstream
of the valve, such as is illustrated in Figure 3C. This may be because the sensor may
provide sensor information to indicate the connection or disconnection of a gases source
even when the valve is in a closed condition. Furthermore, it may be desirable because if
the sensor is upstream of the valve the sensor may provide sensor information to
indicate the connection or reconnection of a gases source at the second inlet 220.

[001029] However, it will be appreciated that, if the valve is not closed, either an
upstream or downstream location of the sensor relative to the valve may be utilised to
detect the disconnection of a gases source.

[001030] The valve may be operable by a controller of the respiratory therapy
apparatus, as has previously been described.

[001031] When a source disconnection is detected the valve may be operated to or at
least toward a closed condition. This may act as a safety measure, to prevent either or
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both of backflow of gases from the inlet to the surroundings or entrainment of any gases
from the surroundings. The closing of the valve may also prevent the uncontrolled or
unintended provision of supplementary gases to the apparatus if a gases source is
subsequently reconnected at the inlet.

[001032] An example of a source disconnection detection will now be given in relation
to a configuration where the sensor is a pressure sensor. However, it will be appreciated

that corresponding detection routines may be operated utilising the sensor information of
one or more alternative types of sensors, such as have been previously described.

[001033] Where the supplementary gases source is a pressurised gases source the
disconnection of the gases source from the second inlet 220 may be detected by a
controller which receives information from the sensor determining that there has been a
change in sensed pressure such as would be associated with a disconnection of the gases
source. For example, without a connected gases source the inlet may be exposed to an
ambient air pressure. The controller may therefore determine that a disconnection has
occurred when a drop in pressure to, or to some predetermined threshold above,
ambient pressure, is sensed.

[001034] In other configurations a disconnection may be determined when the
pressure sensed drops by a particular threshold amount.

[001035] The values of either an amount of decrease or a decreased pressure
threshold may be predetermined, or they may be variable. For example, in some
embodiments these values may be modified by a user, or they may be modified by the
controller based on sensed information regarding a type or characteristic of a connected
gases source. For example, the controller may implement a relatively higher threshold
and/or larger amount of decrease in pressure value where a relatively higher pressure
gases source is connected. To this end information from a sensor, such as the sensor
located in the flow path of the second inlet, may be utilised to indicate such
characteristics of a connected gases source.

[001036] As previously described, in addition to or alternatively to the provision of one
or more alarms or alerts, the respiratory therapy apparatus may be operated in a
different therapy mode, or its operation may otherwise be modified, subsequent to the
determination of a disconnection. For example, when a high-pressure gases source is
disconnected and the apparatus was in an operational mode dependent on the supply of
such high-pressure gases the apparatus may transition to a mode in which it provides a
therapy not dependent on the high-pressure gases.

[001037] The apparatus may transition to a different operational mode following the
determination of a gases source disconnection. This mode transition may be solely
responsive to the disconnection. For example the apparatus may operate in a different
mode because of the disconnection and in the absence of any other gases source
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connection state, either automatically or subsequent to an approval by a user or
operator.

[001038] Alternatively, any such change to the operational mode may be further
dependent on other conditions, such as a determined connection state of one or more
other gases sources.

[001039] For example, where the apparatus was in a therapy mode dependent on a
high-pressure gases source which was disconnected, the apparatus may only operate in a
therapy mode dependent on low-pressure gases when a determination is made that a
low-pressure gases source is connected. This connection of a source may be at the
second inlet 220, the first inlet 210, or any other inlet of the apparatus.

[001040] While previously described in relation to the detection of a disconnection of a
gases source a similar detection regime may be utilised to determine the presence or
connection of a gases source. For example, where the sensor in the flow path of an inlet
is a pressure sensor, a controller may determine that a gases source is connected at the
inlet when the sensed pressure exceeds a threshold, or increases by a threshold amount,
above an ambient pressure or a previously sensed pressure.

[001041] In other configurations, such as where an inlet may not have a sensor and a
valve, the presence of a gases flow from a source may be determined by sensing the
composition of the gases within the apparatus.

[001042] For example, the apparatus may comprise a gases composition sensor 250
such as has been elsewhere herein described. Such a gases composition sensor may be
provided at any location within the apparatus, from an inlet to an outlet of the apparatus
downstream of the flow generator. In some configurations it may be desirable to locate
the gases composition sensor downstream of the flow generator, to sense a composition
of gases from the various inlets after they have been combined and optionally mixed by
the flow generator.

[001043] A controller of the respiratory apparatus may receive a signal from the gases
composition sensor which is indicative of a composition of gases in proximity to the gases
composition sensor. The controller may according to various circumstances determine
that a gases source or a particular type of gases source, or a particular amount or nature
of flow therefrom, is connected to the apparatus when a predetermined threshold of
gases composition is sensed.

[001044] For example, where the apparatus is to operate in a low-pressure therapy
mode which is dependent on a supplementary gases flow from a low-pressure
supplementary gases source, the controller may determine that this source is connected
or at least that the apparatus may be operated in the low-pressure mode when an
associated gases composition threshold is sensed.
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[001045] Where another gases source, such as a high-pressure gases source, is not
connected or has been disconnected, the threshold may be some threshold in excess of a
level of the supplementary gases in ambient air. For example, where the source
necessary to operate a low-pressure mode is a low-pressure oxygen source, the
threshold may be a threshold of some amount above an ambient oxygen concentration,
conventionally approximately 21%.

[001046] The threshold may be a static threshold. In other configurations it may be a
decaying threshold, for example a linearly or exponentially decaying threshold. Such a
decaying threshold may compensate for an amount of entrained supplementary gases
within the apparatus after a source is disconnected by beginning at a first level which is
higher than a previous concentration of the supplementary gases when the disconnected
source was connected, and decaying away to some other lower level. By this
configuration false positives due to entrained supplementary gases may be reduced or
avoided.

[001047] Where the threshold is a decaying threshold the lower level to which the
threshold decays may be some level below a desired concentration for the particular
therapy mode. By this configuration if supplementary gases are still being supplied the
threshold will drop below the level sensed by the gases composition, and the controller
may determine that a source is connected and/or that a particular therapy may be
operated. Or, where a supplementary gases source is later connected once the threshold
has decayed, the sensed gases composition will increase above the threshold and the
controller may make the associated determination.

[001048] Where the threshold is a decaying threshold the decay profile may
preferably be selected to decay at the same or a similar profile as with which the
concentration of supplementary gases entrained within the apparatus decline following
the disconnection of their source.

[001049] Figure 9 illustrates an example characteristic of a decaying threshold shown
by the dashed line 470. A supplementary gases concentration, such as may be sensed by
a gases composition sensor, is shown by the line 471. At the region indicated by the
arrow 472 supplementary gases are being provided through for example the second inlet,
and potentially in the form of a high-pressure oxygen supply.

[001050] At the point indicated by the arrow 473 the source is disconnected from the
second inlet. The detection of the disconnection may occur at that time, or at some point
subsequent thereto. For example, there may be a delay associated with determining a
disconnection has occurred.

[001051] Provided that the detection has occurred, the controller may activate the
check for a supplementary gases concentration which would indicate that supplementary
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gases are being supplied through the first inlet. This activation is seen at the point of
arrow 474.

[001052] While the activation may occur immediately upon the detection of the source
disconnection, in other preferred embodiments there may be at least some delay before
the threshold decay is begun, for example the delay between the time of arrow 473 and
arrow 474,

[001053] Once the source has been disconnected from the second inlet the
supplementary gases concentration sensed will begin to fall, for example as between the
point of arrow 472 and arrow 475. Once the supplementary gases have all been purged
the sensed level may reach a new steady state, for example for oxygen at an ambient air
concentration of approximately 21%.

[001054] Where a supplementary gases source is subsequently connected at the first
inlet the sensed supplementary gases concentration may rise again, for example as seen
at approximately the 30-second mark in Figure 9. As the supplementary gases
concentration rises it passes the decayed level of the threshold 470 at the point 476, and
may go on to reach some new constant state at the point 477. The point 476 is indicative
of when a supplementary gases source, and in particular a low-pressure supplementary
gases source, is connected.

[001055] As seen in Figure 9 a low-pressure gases source is connected at the first
inlet some time period after the high-pressure source is disconnected from the second
inlet. In other use situations the low-pressure source may be connected prior to the high-
pressure source disconnection, or concurrently with it. In such configurations instead of
falling beneath the threshold 470 the supplementary gases concentration 471 may fall
but then cross the threshold 470 while it is still decaying.

[001056] Where the disconnection of a gases source has been detected, a delay may
be exercised between the time the disconnection is determined and the when the
controller may make a determination that another gases source is connected, or another
gases flow is being provided. This may be, for example, to allow for a flushing of previous
supplementary gases from the apparatus.

[001057] If a gases source is not connected, the supplementary gases concentration
471 will remain below the threshold 470. If the supplementary gases concentration 471
remains below the threshold 470 for a particular period of time the controller may trigger
an alert to the user that no supplementary gases source has been connected.

[001058] Figure 10 shows a flowchart of an example process for controlling a
respiratory therapy apparatus in relation to the disconnection of a first supplementary
gases source and operation of the apparatus in a mode dependent on the supply of
supplementary gases from a second supplementary gases source. This process will now
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be described as an example of an implementation of source disconnection detection
and/or source connection or supply determinations.

[001059] At the starting point 400 of Figure 10 the apparatus is being operated in a
therapy mode which is dependent on supplementary gases received from the second
inlet. Where the second inlet is for the connection of a high-pressure gases source this
therapy mode may be characterised as a high-pressure mode.

[001060] At block 401 the controller 13 checks whether the sensor at the second inlet
is providing a reading which would indicate that the source has been disconnected. In the
particular example of Figure 10 the sensor is a pressure sensor, and the controller checks
to see if the sensed pressure at the inlet has dropped below a predetermined threshold.
As previously described, this predetermined threshold. If it has, the controller moves to
block 402. If it has not, the controller loops back to the start of the control regime,
whereupon it will repeat the step of block 401 albeit potentially with some interim delay
period.

[001061] At block 402 the controller may optionally activate an alarm. Such an alarm
may provide an audible, visual, or kinaesthetic notification to a user or operator. The
alarm may include information related to the disconnection, such as the fact that a
disconnection has been detected. The alarm triggered may also be an electronic alarm,
which may be passed to some external connected device to provide the audible, visual or
kinaesthetic alert. As previously described, such an alarm may simply notify the user, or
in some forms it may require an input from the user before the remainder of the control
process may continue, for example a confirmation by the user or operator that a source
has been disconnected from the particular inlet.

[001062] After any alarm, the controller may at block 403 operate the valve of the
second inlet to a closed condition. The controller provides a control signal to close the
valve.

[001063] The controller may operate the valve within an overarching protocol, such
example a limit on the frequency with which the valve may be closed. For example, it
may be that the valve is not to be closed more frequently than every 45 seconds, and if
45 seconds has not elapsed since the last valve closure the controller may delay
operating the valve to a closed condition, or before re-checking the connection status.
Such a configuration may ensure that the patient is not repeatedly cut off from
supplementary gases where the supplementary gases pressure is fluctuating so as to
incorrectly indicate that the source has been disconnected.

[001064] In some configurations it may be desirable to operate various operational
changes on the apparatus subsequent to the determination of a disconnection. The
remaining portions of the control process of Figure 10 illustrate one such set of processes
to operate to a different therapy mode dependent on first inlet supplementary gases.
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[001065] In this configuration the respiratory therapy apparatus may include a gases
composition sensor. The gases composition sensor may be in any form elsewhere herein
described, such as but not limited to an ultrasonic transducer sensor.

[001066] At block 404 the controller operates to check if the level of target gases
sensed by the gases composition sensor is in excess of a predetermined threshold. Such
a threshold may be a set threshold or a decaying threshold, and may be implemented
with or without a delay, as described previously.

[001067] Any such decaying threshold may decay according to a predetermined
function. The function may be stored in the memory of the controller. Alternatively the
decaying function may be defined in a look up table or other format.

[001068] The function may be pre-programmed static, or may alternatively be
modified by the controller, for example to react to different flushing rates of gases from
the apparatus because of different blower operational speeds.

[001069] If the threshold is met or exceeded, the controller may continue to block
405. If the threshold is not met or exceeded, the controller may revert back to before
block 404, and operate the check of block 404 again. The controller may trigger an alarm
based on a negative result, or a particular number of repeated negative results, or the
expiry of a predetermined time delay. The controller may operate one or more delays
between concurrent checks of the sensed gases composition against the threshold.

[001070] Any increase in concentration may be an absolute increase of the
concentration of the one or more supplementary gases, or it may be a rate of increase of
concentration. Where a rate of increase of concentration is utilised, the threshold may be
considered to be met if the rate of increase of sensed concentration is greater than the
concurrent decay rate of the decaying threshold.

[001071] If the threshold is met or exceeded the controller may optionally trigger an
alarm at block 405. As described in relation to the alarm 402, the alarm of block 405
may be to notify a user, and/or it may require some authorisation to proceed. The alarm
may notify the user or operator that a low-pressure supplementary gases source has
been detected, and/or may require their authorisation to operate in a therapy mode
which is dependent on first inlet supplementary gases.

[001072] An example of such a therapy mode may be a high-flow mode with either a
set or manually controlled supplementary gases concentration. In another example such
a therapy mode may be pressure supported, for example a CPAP or Bilevel therapy with
supplementary gases, or even in the absence of any supplementary gases.

[001073] Subsequent to any notification and/or approval at block 405, at block 406
the controller may operate the apparatus in a therapy mode which is dependent on
supplementary gases from the first inlet.
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[001074] While illustrated in Figure 10 as proceeding after a determination is made at
block 401 that the source has been disconnected to an optional alarm at block 402 and
subsequent checks to determine if another source is connected, the controller may
alternatively or additionally directly operate (optionally dependent on a user or operator
authorisation) in a different therapy mode. For example, if the apparatus is in a therapy
mode which requires a high-pressure oxygen flow, such as an oxygen control mode
which would include operating to FiO2 threshold or in a closed loop SpO2 regime, the
controller may switch to a high flow mode when the disconnection of the high-pressure
oxygen source is detected.

[001075] Figure 11 shows a flowchart of another example process of controlling a
respiratory therapy apparatus in relation to the disconnection of a supplementary gases
source from the second inlet.

[001076] As in Figure 10, in Figure 11 the control process start with the apparatus in a
therapy mode which is dependent on supplementary gases received from the second
inlet. These may for example be high-pressure supplementary gases.

[001077] At blocks 408, 409, and 410 the controller operates the same steps as
described in relation to blocks 401, 402, and 403 of Figure 10. These steps at least
include a check as to whether the sensor in the second inlet indicates that the associated
supplementary gases source has been disconnected, for example by a decrease in the
sensed pressure where the sensor is a pressure sensor.

[001078] If the controller determines that there has been a disconnection from the
second inlet, subsequent to any alarm at block 409 and any valve operation at block 410,
the controller moves to block 411.

[001079] As at block 404 of Figure 10, at block 411 the controller may operate to
check if a level of the supplementary gas or particular target supplementary gas exceeds
the predetermined composition threshold.

[001080] If the threshold is exceeded, the controller may move to block 412 to
optionally trigger an alarm, as with block 405 of Figure 10, and subsequently to operate
the apparatus in a therapy mode which is dependent on the first inlet supplementary
gases at block 413.

[001081] If instead the threshold is not exceeded, the control process of Figure 11
provides for an alternative configuration to that of Figure 10. As seen at block 412, the
controller may trigger an alarm relating to the fact that the threshold has not been met.
The alarm may in various preferred forms be an audible alarm and/or a visual alert,
which may communicate that the threshold has not been met. As previously described,
the alarm may be communicated to the user or operator by the apparatus itself, such as
by a GUI of the apparatus, may be communicated to a connected device such as a
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smartphone of the user or operator, or may be communicated to a device at a medical
monitoring station such as a nurses station.

[001082] Subsequent to any alarm, the controller proceeds to block 415 at which it
checks the sensor information received from the sensor at the second inlet.

[001083] If the sensor information has changed from its reading at block 408 which
indicated a disconnection, this may indicate that a source has been reconnected at the
second inlet. For example, where the sensor is a pressure sensor the controller may
check for an increase of a certain amount above the value sensed at block 408, and/or
an increase to or above a particular threshold. If the threshold is exceeded the controller
determines that a source has been reconnected at the second inlet, while if it is not
exceeded the controller determines that a source has not been reconnected at the second
inlet.

[001084] If a negative determination is made the controller proceeds to block 416 at
which it may optionally trigger an alarm, such as an alarm to notify the user that a
reconnected source at the second inlet has not been detected. The controller will then
operate back to before block 411, to continue checking if the gases composition sensor
indicates that a source is connected at the first inlet.

[001085] If a positive determination is made the controller operates to block 417 at
which it may optionally generate an alarm. This alarm may notify a user or operator that
the apparatus has detected a supplementary gases source at the second inlet again. It
may also optionally require user or operator approval to move to the next stage, at block
418.

[001086] At block 418 the controller operates the valve to an open condition, such
that the gases from the reconnected source at the second inlet may be received into the
apparatus to be provided in the therapy, in a second inlet dependent therapy mode at
block 419.

[001087] In some embodiments, the advantages of detecting which source is
connected, or whether a source is connected to one or more of the first inlet or the
second inlet may include: the provision of information regarding the source detection to
the clinician or user (for example a source disconnection) via for example an alarm or via
a display as described in more detail above.

[001088] In some embodiments, the advantages of detecting the disconnection of a
source may include: the provision of information regarding the source detection to the
clinician or user (for example a source disconnection) via for example an alarm or via a
display as described in more detail above.

[001089] The detection of the disconnection of a source, and the provision of this
information to a clinician or user may reduce the risk of a patient not receiving adequate
therapy. For example if a supplemental oxygen source is disconnected the patient may
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not receive supplemental oxygen, and therefore be provided with breathing gases which
do not include the desired level of supplemental oxygen, and the patient may desaturate.
If a clinician or user is provided with information as to the detection of the disconnection
of a source, they can investigate the cause of the disconnection and attempt to remedy
it. This may be of additional importance in a home care environment where there is less
supervision as to the functioning of the apparatus, and the status of a supplemental gas
source and its connection to the apparatus.

[001090] In some embodiments, the advantages of detecting which source is
connected may include allowing the device to automatically operate in the correct mode
depending on which source is connected (for example a high pressure mode or a low
pressure mode) as described in more detail above.

[001091] Although embodiments have been described with reference to a number of
illustrative embodiments thereof, it will be understood by those skilled in the art that
various changes in form and details may be made therein without departing from the
spirit and scope of the invention as defined by the appended claims. Therefore, the
preferred embodiments should be considered in a descriptive sense only and not for
purposes of limitation, and also the technical scope of the invention is not limited to the
embodiments. Furthermore, the present invention is defined not by the detailed
description of the invention but by the appended claims, and all differences within the
scope will be construed as being comprised in the present disclosure.

[001092] Many modifications will be apparent to those skilled in the art without
departing from the scope of the present invention as herein described with reference to
the accompanying drawings.
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CLAIMS

1. An apparatus for delivery of a gases flow to a user, the apparatus
comprising:

a first inlet for receiving a supplementary gases flow,

a second inlet configured to receive a supplementary gases flow,

a blower to receive a gases flow from one or both of the first inlet and second
inlet and generate a gases flow for delivery to the user,

a first flow path and second flow path for guiding a gases flow from the first inlet
and second inlet respectively to the blower,

a valve and a sensor each located within the second flow path, and

a controller configured to

detect the disconnection of a gases source from the second inlet or the cessation
of provision of a supplementary gases flow through the second inlet, and

respond by operating the valve to close second flow path and/or triggering a first

alarm.

2. The apparatus of claim 1, wherein the controller detects the disconnection
of a gases source from the second inlet or the cessation of provision of a supplementary
gases flow through the second inlet based on a signal received from the sensor located
within the second flow path.

3. The apparatus of claim 1 or 2, wherein subsequent to detecting the
disconnection of a gases source from the second inlet or the cessation of provision of a
supplementary gases flow through the second inlet the controller triggers the first alarm.

4. The apparatus of claims 1 or 2, wherein subsequent to detecting the
disconnection of a gases source from the second inlet or the cessation of provision of a
supplementary gases flow through the second inlet the controller triggers the first alarm
and operates the valve to a closed position to shut the second flow path.

5. The apparatus of claim 3 or 4, wherein the first alarm indicates that a gases
source has been disconnected from the second inlet and/or that a supplementary gases
flow has ceased to be provided through the second inlet.
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6. The apparatus of any one of claims 1 to 5, wherein the apparatus further
comprises a gases composition sensor to measure a concentration of one or more
supplementary gases within the gases flow for delivery to the user.

7. The apparatus of claim 6, wherein the gases composition sensor is located
downstream of the blower.

8. The apparatus of claim 6 or 7, wherein subsequent to responding by
operating the valve to a closed condition and/or triggering the first alarm the controller
performs the step of comparing a supplementary gas concentration sensed by the gases
composition sensor to a threshold of supplementary gas concentration.

9. The apparatus of claim 8, wherein there is a time delay between a) the step
of detecting the disconnection of a gases source from the second inlet or the cessation of
provision of a supplementary gases flow through the second inlet and b) the step of
comparing the sensed concentration against the threshold of supplementary gas

concentration.

10. The apparatus of claim 8, wherein the controller operates the valve to close
the second flow path and wherein there is a time delay between the step of operating the
valve and the step of comparing the sensed concentration against the threshold of
supplementary gas concentration.

11. The apparatus of any one of claims 8 to 10, wherein the threshold of
supplementary gas concentration comprises a decaying threshold from an initial
threshold of supplementary gas concentration which is above a second inlet
supplementary gases concentration when supplementary gases are being supplied
through the second inlet, and to a final threshold of supplementary gas concentration
which is below a minimum supplementary gases concentration when supplementary
gases are supplied through the first inlet and above an ambient air concentration of the
supplementary gas.

12. The apparatus of claim 11, wherein the threshold of supplementary gas
concentration decays at a rate slower than an expected rate of flushing of second inlet
supplementary gases from the apparatus.

13. The apparatus of any one of claims 8 to 12, wherein if the sensed
supplementary gas concentration exceeds the threshold of supplementary gas
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concentration the controller determines that a supplementary gases flow is being
provided through the first inlet.

14, The apparatus of claim 13, wherein subsequent to determining that a
supplementary gases flow is being provided through the first inlet the controller operates
the apparatus in a first mode, and the first mode is dependent on the supply of
supplementary gases from the first inlet.

15. The apparatus of claim 13, wherein if the controller determines that a
supplementary gases flow is being provided through the first inlet the controller triggers
a second alarm, and the second alarm optionally indicates that a supplementary gases
flow is being provided through the first inlet.

16. The apparatus of claim 15, wherein the second alarm indicates that the
apparatus may be operated in a first mode, wherein the first mode is dependent on the
supply of supplementary gases from the first inlet.

17. The apparatus of claim 16, wherein the second alarm either includes a
prompt by which an operator may instruct the apparatus to be operated in the first mode
and/or indicates that the apparatus will be operated in the first mode.

18. The apparatus of any one of claims 14 to 17, wherein in the first mode a
closed loop gas control function may not be activated.

19. The apparatus of any one of claims 8 to 18, wherein if the sensed
supplementary gas concentration does not exceed the threshold of supplementary gas
concentration the controller determines that a supplementary gases flow is not being
provided through the first inlet the controller operates the apparatus in a second mode
wherein the controller operates the valve to control a supplementary gases flow delivered
through the second inlet.

20. The apparatus of claim 19, wherein the operation of the apparatus in the
second mode is dependent on the controller determining that a supplementary gases flow
is being provided to the second inlet, and the controller determines that a supplementary
gases flow is being provided to the second inlet if a sensed value from the sensor within
the second flow path is above a sensor threshold.

21. The apparatus of claim 20, wherein the sensor is a pressure sensor, and the
sensor threshold is a threshold of pressure greater than an ambient air pressure but less
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than an expected minimum pressure of a supplementary gases source for connection to
the second inlet.

22. The apparatus of any one of claims 19 to 21, wherein in the second mode a
closed loop gas control function may be activated.

23. The apparatus of any one of claims 1 to 22, wherein the sensor comprises
one or more of:

a contact sensor to sense the physical connection of a supplementary gases
source at the second inlet,

a magnetic sensor to sense a magnetic proximity associated with the connection
of a supplementary gases source at the second inlet,

an electrical conductivity sensor to sense a change in electrical conductivity
associated with the connection of a supplementary gases source at the second inlet,

a pressure sensor to sense a pressure of a second inlet connected
supplementary gases source, and

a flow sensor to sense a flow of supplementary gases.

24. The apparatus of any one of claims 1 to 23, wherein the first inlet is for
receiving a supplementary gases flow from a relatively low-pressure supplementary
gases source and the second inlet is for receiving a supplementary gases flow from a
relatively high-pressure supplementary gases source.

25. The apparatus of any one of claims 1 to 24, wherein the apparatus further
comprises an ambient inlet for receiving an ambient gas or gases or ambient air flow and
an ambient flow path from the ambient inlet to the blower.

26. The apparatus of any one of claims 1 to 25, wherein the first flow path and
second flow path, and a or the ambient flow path terminate at the blower, such that the
blower can receive and mix supplementary gases from the first and second flow path and
ambient gases from the ambient flow path.

27. The apparatus of any one of claims 1 to 26, wherein one or more of the first
flow path, second flow path, and a or the ambient flow path are flow paths at least
partially in common in at least a region towards the blower.

28. An apparatus for delivery of a gases flow to a user, the apparatus
comprising:

a first inlet for receiving a supplementary gases flow,
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a second inlet for receiving a supplementary gases flow,

a blower for receiving a gases flow from one or both of the first inlet and second
inlet and generate a gases flow for delivery to the user,

a first flow path and second flow path for guiding a gases flow from the first inlet
and second inlet respectively to the blower,

a valve and a sensor each located within the second flow path,

a gases composition sensor to measure a concentration of one or more
supplementary gases within the gases flow for delivery to the user, and

a controller to operate the apparatus in a first mode wherein the apparatus
delivers a supplementary gases flow from the first inlet by:

determining that a supplementary gases flow is not being provided to the second
inlet based on a signal received from the sensor located within the second flow path,

comparing a supplementary gas concentration sensed by the gases composition
sensor to a threshold of supplementary gas concentration, and

operating in the first mode when the sensed supplementary gas concentration
exceeds the threshold of supplementary gas concentration.

29. The apparatus of claim 29, wherein in the first mode the apparatus delivers
a supplementary gases flow from either the first inlet or both the first inlet and the
second inlet.

30. The apparatus of claim 28 or 29, wherein subsequent to the step of
determining that a supplementary gases flow is not being provided to the second inlet,
the controller triggers a first alarm, the first alarm indicating that a supplementary gases
flow is not being provided to the second inlet.

31. The apparatus of any one of claims 28 to 30, wherein subsequent to the
step of determining that a supplementary gas is not being provided to the second inlet,
the controller operates the valve to close the second flow path.

32. The apparatus of any one of claims 28 to 31, wherein before the step of
operating in the first mode, the controller triggers a second alarm, the second alarm

comprising one or more of:

a) an indication that a supplementary gases flow is being provided
through the first inlet,

b) an indication that the apparatus may be operated in the first mode,

Q) an indication that the apparatus will be operated in the first mode,
and
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d) a prompt by which an operator may instruct or approve the
apparatus to be operated in the first mode.

33. The apparatus of any one of claims 28 to 32, wherein there is a time delay
between the step of determining that a supplementary gases flow is not being provided
to the second inlet and the step of comparing the sensed concentration against the
threshold of supplementary gas concentration.

34. The apparatus of any one of claims 28 to 33, wherein the threshold of
supplementary gas concentration comprises a decaying threshold from an initial
threshold of supplementary gas concentration which is above a second inlet
supplementary gases concentration when supplementary gases are being supplied
through the second inlet, and to a final threshold of supplementary gas concentration
which is below a minimum supplementary gases concentration when supplementary
gases are supplied through the first inlet and above an ambient air concentration of the
supplementary gas.

35. The apparatus of any one of claims 28 to 34, further comprising a second
mode wherein the controller operates the valve to control a supplementary gases flow
delivered by the apparatus through the second inlet.

36. The apparatus of any one of claims 28 to 35, wherein the controller
determines if a supplementary gases flow is being provided to the second inlet if a
sensed value from the sensor is above a sensor threshold.

37. The apparatus of claim 36, wherein the sensor is a pressure sensor, and the
sensor threshold is a threshold of pressure greater than an ambient air pressure but less
than an expected minimum pressure of a supplementary gases source for connection to

the second inlet.



