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ALARM FOR RESPIRATORY THERAPY SYSTEM

Field of the invention

[0001] The present invention relates to methods and systems for controlling and/or operating a

respiratory assistance apparatus.

Background

[0002] Respiratory apparatuses are used in various environments such as hospital, medical
facility, residential care, or home environments to deliver a flow of gas to users or patients. A
respiratory apparatus, e.g. a flow therapy apparatus, may include an oxygen inlet to allow delivery of
supplemental oxygen with the flow of gas, and/or a humidification apparatus to deliver heated and
humidified gases. A flow therapy apparatus may allow adjustment and control over characteristics of
the gases flow, including flow rate, temperature, gas concentration, such as oxygen concentration,

humidity, pressure, etc.

Summary

[0003] Disclosed are one or more inventions concerning a respiratory assistance apparatus for

providing breathing gases to a patient.
[0004] In an aspect there is provided respiratory assistance apparatus comprising:

a flow generator configured to provide a breathing gases to a patient, the breathing gases

comprising supplemental oxygen provided from an oxygen source,
a controller configured to control an oxygen concentration of the breathing gases

at least one sensor, the at least one sensor configured to provide a measurement
indicative of the patient’s blood oxygen concentration to the controller,

wherein the controller is configured determine a target oxygen concentration of the

breathing gases,

wherein the controller is configured to calculate an estimated future value of the
patient’s blood oxygen concentration based on:

a difference between an initial oxygen concentration of the breathing gases

and the target oxygen concentration of the breathing gases, and

the measurement indicative of the patient’s blood oxygen concentration.
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[0005] In some embodiments, the controller is configured to control the oxygen concentration of

the breathing gases based on the target oxygen concentration.

[0008] In some embodiments, the estimated future value of the patient’s blood oxygen
concentration is further based on a time from when the controller controls the oxygen concentration of

the breathing gases to the target oxygen concentration.

[0007] In some embodiments, the controller is configured to receive an input, and based on the

input determine an target oxygen concentration of the breathing gases.

[0008] In some embodiments, the input comprises a target oxygen concentration range

comprising an upper target oxygen concentration, and a lower target oxygen concentration.

[0009] In some embodiments a humidifier, the controller, the flow generator and sensors of the

respiratory assistance are disposed in a single housing.

[0010] In some embodiments, the apparatus comprises at least one gases composition sensor,
the gases composition sensor configured to provide a measurement indicative of the oxygen
concentration of the breathing gases to the controller.

[0011] In some embodiments, the at least one gases composition sensor is an ultrasonic
sSensor.
[0012] In some embodiments, the controller is configured to compare said estimated future

value of the patient’s blood oxygen concentration with a blood oxygen concentration alarm threshold
and/or a blood oxygen concentration alarm range, and generate an alarm output if the estimated
future value of the patient’s blood oxygen concentration is not within said blood oxygen concentration

alarm range.

[0013] In some embodiments, the blood oxygen concentration alarm range comprises an upper

blood oxygen concentration alarm threshold, and a lower blood oxygen concentration alarm threshold.

[0014] In some embodiments, the blood oxygen concentration alarm threshold is determined
based on the time from when the controller controls the oxygen concentration of the breathing gases

to the target oxygen concentration.

[0015] In some embodiments, the alarm threshold may be determined based on an amount of

a change in target oxygen concentration.

[0016] In some embodiments, the alarm threshold may be determined or target oxygen

concentration
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[0017] In some embodiments, the alarm threshold may be determined current oxygen

concentration of gases.

[0018] In some embodiments, the alarm threshold is based on the target blood oxygen
concentration.
[0019] In some embodiments, the controller is configured to generate an alarm output based on

the estimated future value of the patient’s blood oxygen concentration and a comparison with to a

blood oxygen concentration alarm threshold.

[0020] In some embodiments, the controller is configured to generate said alarm output if the
estimated future value of the patient’s blood oxygen concentration is above or below the blood oxygen

concentration threshold.

[0021] In some embodiments, the alarm threshold is based on the time from when the

controller controls the oxygen concentration of the breathing gases to the target oxygen concentration.

[0022] In some embodiments, the input comprises a target blood oxygen concentration, and

the blood oxygen concentration alarm range is based on the target blood oxygen concentration.

[0023] In some embodiments, the blood oxygen concentration threshold and/or blood oxygen
concentration alarm range are based on the difference between the target oxygen concentration and

the upper target oxygen concentration.

[0024] In some embodiments, the respiratory assistance apparatus may comprise at least one
valve, wherein the controller is configured to control the valve to control the oxygen concentration of
the breathing gases by varying the amount of oxygen provided from an oxygen source to the breathing

gas.

[0025] In some embodiments, respiratory assistance apparatus may be connected to an
oxygen supply, wherein the controller is configured to control the flow of gases from the oxygen supply
to control the oxygen concentration of the breathing gases.

[0026] In some embodiments the controller is configured to control the oxygen concentration of
the breathing gases based on the target oxygen concentration and a measured oxygen concentration

of the breathing gases.

[0027] In some embodiments, the measurement indicative of the patient’s blood oxygen

concentration may be determined over a predetermined time.

[0028] In some embodiments, the controller is configured to generate an alarm output based on

the estimated future value of the patient’s blood oxygen concentration.



WO 2021/079202 PCT/1B2020/056237

[0029] In some embodiments, the respiratory assistance apparatus (or an associated device) is

configured to display the alarm output, or information associated with the alarm output.

[00390] In some embodiments, the respiratory assistance apparatus (or an associated device) is
configured to display the estimated future value of the patient’s blood oxygen concentration.

[0031] In some embodiments, the alarm output may be transmitted to one or more servers, or a
patient monitoring unit, and/or a nurse monitoring station, in communication with the respiratory

assistance apparatus.
[0032] In another aspect there is provided a respiratory assistance apparatus comprising:

a flow generator configured to provide a breathing gas to a patient, the breathing gas
comprising supplemental oxygen provided from an oxygen source,

at least one sensor, the at least one sensor configured to provide a measurement
indicative of the patient’s blood oxygen concentration to the controller,

a controller, the controller configured to receive an input, the input comprising a target
oxygen concentration range comprising an upper target oxygen concentration, and/or a lower

target oxygen concentration,

a controller, the controller configured to control an oxygen concentration of the
breathing gases to a target oxygen concentration, where the target oxygen concentration is
within said target oxygen concentration range comprising an upper target oxygen

concentration and a lower target oxygen concentration,
wherein the controller is configured to:

calculate an estimated maximum future value of a patient’s blood oxygen
concentration for the target oxygen concentration range based on the measurement
indicative of a patient blood oxygen concentration and a difference between the target
oxygen concentration and the upper target oxygen concentration or

calculate an estimated minimum future value of a patient’s blood oxygen
concentration for the target oxygen concentration range based on the measurement
indicative of a patient blood oxygen concentration, and a difference between the
target oxygen concentration and the lower target oxygen concentration.

[0033] In some embodiments, the controller is configured to control an oxygen concentration of

the breathing gases from an initial oxygen concentration to a target oxygen concentration.
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[0034] In some embodiments, the initial oxygen concentration is an oxygen concentration
before the controller controls the oxygen concentration of the breathing gases to the target oxygen

concentration.

[0035] In some embodiments, the respiratory assistance apparatus is configured to receive an

input indicative of the target oxygen concentration range.

[00386] In some embodiments, the target oxygen concentration range is input via a user
interface.
[0037] In some embodiments, the estimated maximum future value and/or the estimated

minimum future value is based on an estimated oxygen efficiency.

[0038] In some embodiments, the estimated maximum future value and/or the estimated

minimum future value is updated in real time.

[0039] In some embodiments, the maximum or minimum future value is after an effect of a

change of oxygen concentration has been realised on patient blood oxygen.

[0040] In some embodiments, the controller is configured to display the estimated minimum
future value of a patient’s blood oxygen and/or the estimated minimum future value of a patient’s blood

oxygen concentration.
[0041] In some embodiments, the controller is configured to generate an alarm output.

[0042] In some embodiments, the alarm output may be transmitted to one or more servers, or a
patient monitoring unit, and/or a nurse monitoring station, in communication with the respiratory

assistance apparatus.
[0043] In some embodiments, the alarm output comprises at least one alarm parameter.

[0044] In some embodiments, the controller is configured to generate the alarm output based
on the estimated future value of the patient’s blood oxygen concentration, and/or the estimated
maximum or minimum future value of a patient’s blood oxygen concentration

[0045] In some embodiments, the controller is configured to compare said estimated maximum
future value of a patient’s blood oxygen concentration with the upper target blood oxygen
concentration, and generate the alarm output if the estimated maximum future value of a patient’s

blood oxygen concentration is less than the upper target blood oxygen concentration.

[0046] In some embodiments, an alarm parameter of the or an alarm output is based on the
magnitude of the difference between the estimated maximum future value of a patient’s blood oxygen

concentration with the upper target blood oxygen concentration.
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[0047] In some embodiments, the controller is configured to compare said estimated minimum
future value of a patient’s blood oxygen concentration with the lower target blood oxygen
concentration, and generate an alarm output if the estimated minimum future value of a patient’s blood

oxygen concentration is less than the lower target blood oxygen concentration.

[0048] In some embodiments, the or an alarm parameter of the alarm output is based on the
magnitude of the difference between the estimated minimum future value of a patient’s blood oxygen

concentration with the lower target blood oxygen concentration.

[0049] In some embodiments, the alarm parameter is the alarm time, or the alarm intensity.
[0050] In some embodiments, the alarm output, and/or associated data is provided to a display.
[0051] In some embodiments, the alarm output is configured to present a message on a
display.

[0052] In some embodiments, the alarm output is configured to generate a sound, or provide

an indication.
[0053] In another aspect there is provided a respiratory assistance apparatus comprising

a flow generator configured to provide a breathing gas to a patient, the breathing gas

comprising supplemental oxygen provided from an oxygen source,

at least one sensor, the at least one sensor configured to provide a measurement
indicative of the patient’s blood oxygen concentration to the controller,

wherein during operation of the apparatus the controller is configured to store
breathing gases oxygen concentration data, wherein the stored breathing gases oxygen
concentration data comprises: a plurality of oxygen concentrations of the breathing gases

each oxygen concentration of the breathing gases having an associated timestamp ,

wherein the controller is configured to calculate an estimated future value of the
patient’s blood oxygen concentration based on:

the stored breathing gases oxygen concentration data, wherein oxygen
concentrations of the breathing gases are weighted based on the associated

timestamp, and
the measurement indicative of the patient’s blood oxygen concentration.

[0054] In some embodiments, the controller is configured to calculate an estimated future value
of the patient’s blood oxygen concentration based on:
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an estimated oxygen efficiency ratio for the patient,
a haemoglobin saturation function.

[0055] In some embodiments, the controller is configured to generate an alarm output based on
the estimated future value of the patient’s blood oxygen concentration.

[0056] In some embodiments, the respiratory assistance apparatus (or an associated device) is
configured to display the alarm output, or information associated with the alarm output.

[0057] In some embodiments, the respiratory assistance apparatus (or an associated device) is
configured to display the estimated future value of the patient’s blood oxygen concentration.

[0058] In some embodiments, the alarm output may be transmitted to one or more servers, or a
patient monitoring unit, and/or a nurse monitoring station, in communication with the respiratory

assistance apparatus.
[0059] In another aspect there is provided a respiratory assistance apparatus comprising

a flow generator configured to provide a breathing gas to a patient, the breathing gas

comprising supplemental oxygen provided from an oxygen source,

at least one sensor, the at least one sensor configured to provide a measurement indicative of

the patient’s blood oxygen concentration to the controller,

wherein during operation of the apparatus the controller is configured to store breathing gases
oxygen concentration data, wherein the stored breathing gases oxygen concentration data comprises
one or more oxygen concentrations of the breathing gases each oxygen concentrations of the
breathing gases having an associated timestamp,

wherein the controller is configured to calculate an estimated maximum future value of the

patient’s blood oxygen concentration based on:

the stored breathing gases oxygen concentration data, wherein oxygen
concentrations of the breathing gases are weighted based on the associated timestamp, and

the measurement indicative of the patient’s blood oxygen concentration

a difference between the current oxygen concentration of the breathing gases and a

upper target oxygen concentration.

[0060] In some embodiments, the controller is configured to calculate an estimated maximum

future value of the patient’s blood oxygen concentration based on:
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an estimated oxygen efficiency ratio for the patient,
a haemoglobin saturation function.
[0061] In another aspect there is provided respiratory assistance apparatus comprising

a flow generator configured to provide a breathing gas to a patient, the breathing gas
comprising supplemental oxygen provided from an oxygen source,

at least one sensor, the at least one sensor configured to provide a measurement indicative of

the patient’s blood oxygen concentration to the controller,

wherein during operation of the apparatus the controller is configured to store breathing gases
oxygen concentration data, wherein the stored breathing gases oxygen concentration data comprises
one or more oxygen concentrations of the breathing gases each oxygen concentrations of the

breathing gases having an associated timestamp,

wherein the controller is configured to calculate an estimated minimum future value of the

patient’s blood oxygen concentration based on:

the stored breathing gases oxygen concentration data, wherein oxygen concentrations of the

breathing gases are weighted based on the associated timestamp, and
the measurement indicative of the patient’s blood oxygen concentration

a difference between the oxygen concentration of the breathing gases at the current

estimation phase and a lower target oxygen concentration.

[0062] In some embodiments, the controller is configured to calculate an estimated minimum
future value of the patient’s blood oxygen concentration based on:

an estimated oxygen efficiency ratio for the patient,
a haemoglobin saturation function.

[0063] In some embodiments, the associated timestamp comprises a time when the associated
oxygen concentration of the breathing gases was recorded, and/or measured and/or stored.

[0064] In some embodiments, the associated timestamp comprises a time elapsed since the
associated oxygen concentration of the breathing gases was recorded, and/or measured and/or

stored.

[0065] In some embodiments, the controller is configured to determine a series of changes to

oxygen concentration of the breathing gases in the stored breathing gases oxygen concentration data.
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[00686] In some embodiments, the oxygen concentration of the breathing gases is controlled to

a target oxygen concentration of the breathing gases.

[0067] In some embodiments, the oxygen concentration of the breathing gases is a measured

oxygen concentration of the breathing gases.

[0068] In some embodiments, the apparatus comprises at least one gases composition sensor,
the gases composition sensor configured to provide a measurement indicative of the oxygen

concentration of the breathing gases to the controller.

[0069] In some embodiments, the controller is configured to updated the stored the oxygen
concentration of the breathing gases concentration data at regular time intervals, or irregular time
intervals.

[0070] In some embodiments, the controller is configured to update the stored oxygen
concentration of the breathing gases when a target oxygen concentration of the breathing gases is

updated by the controller.

[0071] In some embodiments, the weighting based on the associated timestamp is based on a

decay function.

[0072] In some embodiments, the stored oxygen concentration data is transmitted to one or
more servers, or a patient monitoring unit, and/or a nurse monitoring station, in communication with

the respiratory assistance apparatus.

[0073] In another aspect there is provided respiratory assistance apparatus comprising

a flow generator configured to provide a breathing gas to a patient, the breathing gas

comprising supplemental oxygen provided from an oxygen source,

at least one sensor, the at least one sensor configured to provide a measurement
indicative of the patient’s blood oxygen concentration to the controller,

wherein the controller is configured to maintain a sum of changes of the breathing

gases oxygen concentration,

wherein the controller is configured to execute an estimation update phase, the

estimation update phase comprising:

applying a decay function to the sum of changes of the oxygen concentration

of the breathing gases,
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calculating a difference between the oxygen concentration of the breathing
gases at the current estimation update phase, and the oxygen concentration of the breathing
gases at the previous estimation update phase,

adding the difference to the sum of changes to the oxygen concentration of
the breathing gases

wherein the controller is configured to calculate an estimated future value of the patient’s

blood oxygen concentration based on:
the sum of changes of the oxygen concentration of the breathing gases, and
the measurement indicative of the patient’s blood oxygen concentration.

[0074] The controller is configured to calculate an estimated future value of the patient’s blood

oxygen concentration based on:
an estimated oxygen efficiency ratio for the patient,
a haemoglobin saturation function.
[0075] In another aspect there is provided respiratory assistance apparatus comprising

a flow generator configured to provide a breathing gas to a patient, the breathing gas

comprising supplemental oxygen provided from an oxygen source,

at least one sensor, the at least one sensor configured to provide a measurement indicative of
the patient’s blood oxygen concentration to the controller,

wherein the controller is configured to maintain a sum of changes of the breathing gases
oxygen concentration,

wherein the controller is configured to execute an estimation update phase, the estimation
update phase comprising:

applying a decay function to the sum of changes of the oxygen concentration of the
breathing gases,

calculating a difference between the oxygen concentration of the breathing gases at
the current estimation update phase, and the oxygen concentration of the breathing gases at
the previous estimation update phase,

adding the difference to the sum of changes to the oxygen concentration of the
breathing gases

10
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wherein the controller is configured to calculate an estimated maximum future value of the

patient’s blood oxygen concentration based on:
the sum of changes of the oxygen concentration of the breathing gases , and
the measurement indicative of the patient’s blood oxygen concentration

a difference between the oxygen concentration of the breathing gases at the current
estimation phase and a upper target oxygen concentration.

[0076] In some embodiments, the controller is configured to calculate an estimated maximum
future value of the patient’s blood oxygen concentration based on:

an estimated oxygen efficiency ratio for the patient,
a haemoglobin saturation function.
[0077] In another aspect there is provided a respiratory assistance apparatus comprising

a flow generator configured to provide a breathing gas to a patient, the breathing gas
comprising supplemental oxygen provided from an oxygen source,

at least one sensor, the at least one sensor configured to provide a measurement

indicative of the patient’s blood oxygen concentration to the controller,

wherein the controller is configured to maintain a sum of changes of the breathing
gases oxygen concentration,

wherein the controller is configured to execute an estimation update phase, the
estimation update phase comprising:

applying a decay function to the sum of changes of the oxygen concentration
of the breathing gases,

calculating a difference between the oxygen concentration of the breathing
gases at the current estimation update phase, and the oxygen concentration of the
breathing gases at the previous estimation update phase,

adding the difference to the sum of changes to the oxygen concentration of

the breathing gases

wherein the controller is configured to calculate an estimated minimum future value of

the patient’s blood oxygen concentration based on:

11
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the sum of changes of the oxygen concentration of the breathing gases , and
the measurement indicative of the patient’s blood oxygen concentration

a difference between the oxygen concentration of the breathing gases at the

current estimation phase and a lower target oxygen concentration.

[00738] In some embodiments, the controller is configured to calculate an estimated minimum
future value of the patient’s blood oxygen concentration based on:

an estimated oxygen efficiency ratio for the patient,
a haemoglobin saturation function.

[0079] In some embodiments, the controller is configured to execute the estimation update

phase at regular time intervals, or irregular time intervals.

[0080] In some embodiments, the controller is configured to execute the estimation update in
real time.
[0081] In some embodiments, the controller is configured to execute the estimation update

phase periodically.

[0082] In some embodiments, the controller is configured to execute the estimation update

phase when a target oxygen concentration of the breathing gases is updated by the controller.

[0083] In some embodiments, the controller is configured to control the oxygen concentration of

the breathing gases to a target oxygen concentration,

[0084] In some embodiments, the oxygen concentration of the breathing gases is controlled to

a target oxygen concentration of the breathing gases.

[0085] In some embodiments, the oxygen concentration of the breathing gases is a measured

oxygen concentration of the breathing gases.

[0086] In some embodiments, the apparatus comprises at least one gases composition sensor,
the gases composition sensor configured to provide a measurement indicative of the oxygen

concentration of the breathing gases to the controller.

[0087] In some embodiments, the controller is configured to update a target oxygen
concentration of the breathing gases, and control an oxygen concentration of the breathing gases from

an initial oxygen concentration to the target oxygen concentration.

12
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[0088] In some embodiments, the target oxygen concentration is provided by an oxygen

concentration controller.

[0089] In some embodiments, the or a input further comprises the target blood oxygen
concentration.

[0090] In some embodiments, the or a target blood oxygen concentration is a range.

[0091] In some embodiments, the target blood oxygen concentration comprises an upper target

blood oxygen concentration and/or a lower target blood oxygen concentration.

[0092] In some embodiments, the controller is configured to determine the target oxygen

concentration based on a mid point of target blood oxygen concentration range.

[0093] In some embodiments, the controller is configured to control the target blood oxygen
concentration to be within the upper target blood oxygen concentration and the lower target blood

oxygen concentration.

[0094] In some embodiments, the controller is configured to vary the target oxygen
concentration to control the patient blood oxygen concentration to the target blood oxygen

concentration.

[0095] In some embodiments, the controller is configured to vary the amount of supplemental
oxygen provided from an oxygen source to the breathing gas to control the oxygen concentration of

the breathing gases.

[0096] In some embodiments, the apparatus comprises at least one valving arrangement.
[0097] In some embodiments, the valving arrangement is in fluid communication with the
blower

[0098] In some embodiments, the valving arrangement may be controllable to adjust the

amount of oxygen introduced into the gases flow.
[0099] In some embodiments, the controller is configured to generate an alarm output.

[00100] In some embodiments, the alarm output may be transmitted to one or more servers, or a
patient monitoring unit, and/or a nurse monitoring station, in communication with the respiratory

assistance apparatus.

[00101] In some embodiments, the alarm output comprises at least one alarm parameter.

13
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[00162] In some embodiments, the controller is configured to generate the alarm output based
on the estimated future value of the patient’s blood oxygen concentration, and/or the estimated
maximum or minimum future value of a patient’s blood oxygen concentration

[00163] In some embodiments, the controller is configured to compare said estimated maximum
future value of a patient’s blood oxygen concentration with the upper target blood oxygen
concentration, and generate the alarm output if the estimated maximum future value of a patient’s

blood oxygen concentration is less than the upper target blood oxygen concentration.

[00104] In some embodiments, an alarm parameter of the or an alarm output is based on the
magnitude of the difference between the estimated maximum future value of a patient’s blood oxygen

concentration with the upper target blood oxygen concentration.

[00105] In some embodiments, the controller is configured to compare said estimated minimum
future value of a patient’s blood oxygen concentration with the lower target blood oxygen
concentration, and generate an alarm output if the estimated minimum future value of a patient’s blood

oxygen concentration is less than the lower target blood oxygen concentration.

[00106] In some embodiments, the or an alarm parameter of the alarm output is based on the
magnitude of the difference between the estimated minimum future value of a patient’s blood oxygen

concentration with the lower target blood oxygen concentration.

[00107] In some embodiments, the alarm parameter is the alarm time, or the alarm intensity.
[00108] In some embodiments, the alarm output, and/or associated data is provided to a display.
[00169] In some embodiments, the alarm output is configured to present a message on a
display.

[00110] In some embodiments, the alarm output is configured to generate a sound, or provide

an indication.

[00111] In some embodiments, the or an at least one sensor is in electronic communication with

the controller.

[00112] In some embodiments, the least one sensor is a pulse oximeter, or an arterial oxygen
sensor.
[00113] In some embodiments, the respiratory assistance apparatus further comprises a gas

composition sensor.

[00114] In some embodiments, the gas composition sensor is in electronic communication with

the controller.

14
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[00115] In some embodiments, the gas composition sensor is an oxygen concentration sensor

configured to measure the oxygen concentration of the breathing gas.

[00116] In some embodiments, the at least one gases composition sensor provides a signal

indicative of the initial oxygen concentration of the breathing gases.

[00117] In some embodiments, the controller is configured to receive an oxygen concentration
signal indicative of the oxygen concentration of the breathing gas from the oxygen concentration

sSensor.

[00118] In some embodiments, the controller is configured to control the oxygen concentration of

the breathing gases based on the oxygen concentration signal from the oxygen concentration sensor.

[00119] In some embodiments, the controller comprises one or more processors, wherein the

processors are configured with computer readable instructions.

[00120] In some embodiments, the controller comprises at least one memory element, wherein

the memory element is configured to store said computer readable instructions.
[00121] In some embodiments, the memory element is non-transitory.

[00122] In some embodiments, the flow generator is or comprises a blower module, wherein the

blower module comprises at least one blower configured to generate said flow of gases.

[00123] In some embodiments, the respiratory assistance apparatus comprises at least one

display, configured to display to the or an alarm output.
[00124] In some embodiments, the display comprises at least one screen.

[00125] In some embodiments, the respiratory assistance apparatus comprises at least one

sound generating device configured to output an audible sound.

[00126] In another system comprising the respiratory assistance apparatus of any one of the

above aspects, a conduit and a user interface.

[00127] In another aspect there is provided a method of estimating a future value of a patients

blood oxygen concentration, the method comprising:
providing the patient with a breathing gases having an initial target oxygen concentration,
measuring a patient’s blood oxygen concentration,

providing the patient with a breathing gases having an target oxygen concentration,

15
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calculating a future value of the patient’s blood oxygen concentration, based on the patient’s
blood oxygen concentration and a difference between an initial target oxygen concentration, and the

target oxygen concentration.

[00128] In another aspect there is provided a method of estimating a maximum future value of a

patient’s blood oxygen concentration for a target oxygen concentration range, the method comprising:
measuring a patient’s blood oxygen concentration,
providing the patient with a breathing gases having an oxygen concentration,

calculating a maximum future value of a patient’s blood oxygen concentration based on the
patient’s blood oxygen concentration, and a difference between an upper target oxygen concentration

of the target oxygen concentration range and the oxygen concentration of the breathing gases.

[00129] In another aspect there is provided a method of estimating a minimum future value of a

patient’s blood oxygen concentration for a target oxygen concentration range, the method comprising
measuring a patient’s blood oxygen concentration,
providing the patient with a breathing gases having an oxygen concentration,

calculating a minimum future value of a patient’s blood oxygen concentration based on the
patient’s blood oxygen concentration, and a difference between an lower target oxygen concentration

of the target oxygen concentration range and the oxygen concentration of the breathing gases.

[00130] In another aspect there is provided a method of estimating a future value of a patients’

blood oxygen concentration, the method comprising:
providing the patient with a breathing gases,

during operation of the apparatus storing breathing gases oxygen concentration data, wherein
the stored breathing gases oxygen concentration data comprises one or more oxygen
concentrations of the breathing gases each oxygen concentrations of the breathing gases

having an associated timestamp,
measuring a patient’s blood oxygen concentration,
calculating an estimated future value of the patient’s blood oxygen concentration based on:

the stored breathing gases oxygen concentration data, wherein the oxygen
concentrations of the breathing gases are is weighted based on the associated timestamp,

and

16
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the measurement indicative of the patient’s blood oxygen concentration.

[00131] In another aspect there is provided a method of estimating an estimated maximum

future value of the patient’s blood oxygen concentration, the method comprising:
providing the patient with a breathing gases,

during operation of the apparatus storing breathing gases oxygen concentration data, wherein
the stored breathing gases oxygen concentration data comprises one or more oxygen
concentrations of the breathing gases each oxygen concentrations of the breathing gases

having an associated timestamp,
measuring a patient’s blood oxygen concentration,

calculating an estimated maximum future value of the patient’s blood oxygen concentration

based on:

the stored breathing gases oxygen concentration data, wherein the oxygen

concentrations of the breathing gases are weighted based on the associated timestamp, and
the measurement indicative of the patient’s blood oxygen concentration

a difference between the current oxygen concentration of the breathing gases and a

upper target oxygen concentration.

[00132] In another aspect there is provided a method of estimating an estimated minimum future

value of the patient’s blood oxygen concentration, the method comprising:
providing the patient with a breathing gases,

during operation of the apparatus storing breathing gases oxygen concentration data, wherein
the stored breathing gases oxygen concentration data comprises one or more oxygen
concentrations of the breathing gases each oxygen concentrations of the breathing gases

having an associated timestamp,
measuring a patient’s blood oxygen concentration,

calculating an estimated minimum future value of the patient’s blood oxygen concentration

based on:

the stored breathing gases oxygen concentration data, wherein the oxygen
concentrations of the breathing gases are weighted based on the associated timestamp, and

the measurement indicative of the patient’s blood oxygen concentration

17
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a difference between the oxygen concentration of the breathing gases at the current

estimation phase and a lower target oxygen concentration.

[00133] In another aspect there is provided a method of estimating a future value of a patients’

blood oxygen concentration, the method comprising:
providing the patient with a breathing gases,
maintaining a sum of changes of the breathing gases oxygen concentration,
executing an estimation update phase, the estimation update phase comprising:

applying a decay function to the sum of changes of the oxygen concentration of the

breathing gases,

calculating a difference between the oxygen concentration of the breathing gases at
the current estimation update phase, and the oxygen concentration of the breathing gases at

the previous estimation update phase,

adding the difference to the sum of changes to the oxygen concentration of the

breathing gases.

[00134] In some embodiments, the controller is configured to calculate an estimated future value

of the patient’s blood oxygen concentration based on:
the sum of changes of the oxygen concentration of the breathing gases, and
the measurement indicative of the patient’s blood oxygen concentration.

[00135] In some embodiments, controller is configured to calculate an estimated maximum
future value of the patient’s blood oxygen concentration based on:

the sum of changes of the oxygen concentration of the breathing gases , and
the measurement indicative of the patient’s blood oxygen concentration

a difference between the oxygen concentration of the breathing gases at the current

estimation phase and a upper target oxygen concentration.

[001386] In some embodiments, the controller is configured to calculate an estimated minimum

future value of the patient’s blood oxygen concentration based on:
the sum of changes of the oxygen concentration of the breathing gases , and

the measurement indicative of the patient’s blood oxygen concentration
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a difference between the oxygen concentration of the breathing gases at the current

estimation phase and a lower target oxygen concentration.

[00137] In another aspect there is provided a system comprising a respiratory assistance
apparatus, and an auxiliary device, wherein the estimated maximum future value, and/or the estimated

minimum future value, and/or the estimated future value is calculated on the auxiliary device.

[00138] In another aspect there is provided a system comprising a respiratory assistance
apparatus, and an auxiliary device, wherein the controller is located at least in part on the auxiliary

device.

[00139] In some embodiments, the respiratory apparatus provides sensor outputs and/or stored

data to the auxiliary device.

[00140] In some embodiments, the or an alarm output may be provided on the respiratory

assistance apparatus.
[00141] In some embodiments, the or an alarm output may be provided on the auxiliary device.

[00142] In a another aspect there is provided a respiratory assistance apparatus used for

providing the method of any of the above aspects.

[00143] In a another aspect there is provided use of a respiratory assistance apparatus

comprising for providing the method of any of the above aspects.

[00144] In a another aspect there is provided a respiratory assistance apparatus or use of a flow
therapy apparatus of any of the above aspects, wherein the respiratory assistance apparatus is the
apparatus of any one of claims of any of the above aspects.

[00145] 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,
4,5,6,6.5,7,8,9and 10) and also any range of rational numbers within that range (for example, 2 to
8,1.5t05.5and 3.1 to 4.7).

[00146] 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.

[00147] 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
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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.

[00148] 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.

[00149] These and other features and aspects are described in detail below with reference to

the accompanying drawings.

Brief description of the drawings

[00150] The invention will now be described by way of example only and with reference to the
drawings in which:

[00151] Figure 1A shows in diagrammatic form a flow therapy apparatus.

[00152] Figure 1B illustrates a sensing circuit board, including a flow rate sensor that may be
used in a flow therapy apparatus.

[00153] Figures 1C-1D illustrate schematic diagrams of various ultrasonic transducer
configurations for the sensor assembly using cross-flow beams.

[00154] Figures 1E-1F illustrate schematic diagrams of various ultrasonic transducer
configurations for the sensor assembly using along-flow beams.

[00155] Figures 2A 2B, and Figure 3 illustrate graphs showing operation of a respiratory device.
[00156] Figure 4A to 4D illustrate a process for estimating a future value of a patient’s blood
oxygen.

[00157] Figures 5A and 5B illustrate alarm conditions for a respiratory device.

[00158] Figure 6 illustrates a process for estimating a maximum or minimum future value of a

patient’s blood oxygen.

[00159] Figure 7 illustrates a graph showing operation of a respiratory device.
[00160] Figures 8A and 8B illustrate graphs showing operation of a respiratory device.
[001861] Figures 9A and 9B illustrate a process for estimating a maximum or minimum future

value of a patient’s blood oxygen.

[00162] Figure 10 illustrates a graph showing operation of a respiratory device.
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[00163] Figure 10A illustrates a process for estimating oxygen efficiency of a patient.

[00164] Figure 11 is a first underside perspective view of the main housing of the flow therapy

apparatus showing a recess inside the housing for the motor and/or sensor module sub-assembly.

[00165] Figure 12 is a second underside perspective view of the main housing of the flow
therapy apparatus showing the recess for the motor and/or sensor module sub-assembly.

[00166] Figure 13 is a perspective view of the motor and/or sensor subassembly, underside of

the main housing, and fixed elbow of the flow therapy apparatus.

[00167] Figure 14 is an exploded perspective view of components of the motor and/or sensor

sub-assembly schematically showing by way of an arrow the gas flow path through the sub-assembly.

[00168] Figure 15 is an underside view of a cover and sensing PCB of the motor and/or sensor

sub-assembly showing the position of sensors.

[001869] Figure 16 is a rear perspective view of the flow therapy apparatus sectioned adjacent to
the rear edge of the flow therapy apparatus, showing the arrangement of a portion of the main housing
that provides the recess for receipt of the motor and/or sensor sub-assembly.

[00170] Figure 17A is a left front perspective view of the flow therapy apparatus.
[00171] Figure 17B is a left front perspective view of the flow therapy apparatus.
[00172] Figure 18 is a left front perspective partial cutaway view showing the valve module and

the filter module.

[00173] Figure 19 is a schematic gas flow path diagram for the filter module and the valve
module, with the solid line arrows representing the flow of oxygen (or another gas), and the dashed

line arrows representing the flow of ambient air.

[00174] Figure 20 is a sectional view showing the gas flow path through the filter module and the

valve module.
[00175] Figure 21 is a rear side overhead perspective view of a first configuration valve module.

[00176] Figure 22 is a rear side overhead perspective view showing the gas flow paths through
the first configuration valve module, with the solid line arrows representing the flow of oxygen (or

another gas), and the dashed line arrow representing the flow of ambient air.

[00177] Figure 23 is a sectional view through the first configuration valve module.
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[00178] Figure 24 is a sectional view showing the coupling of, and gas flow path through, the

valve and valve manifold of the first configuration valve module.

[00179] Figure 25 is a diagram of a respiratory assistance apparatus and an auxiliary device.

Detailed description

[00180] Patients suffering from various health conditions and diseases can benefit from
respiratory therapy. In at least one form, the respiratory therapy may be oxygen therapy. For example,
a patient 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 and/or other conditions or diseases can benefit from
respiratory therapy. Similarly, patients receiving pre- and post- operative oxygen delivery can also
benefit from respiratory therapy. A common way of treating such problems is by supplying the patient
with breathing gas that contains supplemental oxygen. In at least one configuration, the breathing gas
can be supplied with supplemental oxygen of a controlled concentration. This supplemental oxygen
helps to prevent the patient’s blood oxygen concentration (for example, blood oxygen saturation

(Sp02)) from dropping too low (e.g., below about 90%).

[00181] However, when providing respiratory therapy to a patient such as by providing
supplemental oxygen, changes to the blood oxygen concentration of the patient may lag changes to
the provided oxygen concentration. That is, any change in blood oxygen concentration may take a
significant time to occur from when a change in the provided oxygen concentration is made. In other
words, when providing respiratory therapy such as supplemental oxygen therapy to a patient, there
may be a significant delay between a change in the provided oxygen concentration and the resulting
change in patient blood oxygen concentration. Therefore, it can be difficult for a user to determine
whether a change in provided oxygen concentration will meet the desired therapy target in terms of
patient blood oxygen concentration until significant time has passed. During this time, the patient may
not be provided with sufficient respiratory therapy.

[00182] A respiratory therapy apparatus 10 may therefore be provided that estimates the effect
of a change in oxygen concentration of the breathing gases on a patient blood oxygen concentration.

[00183] One benefit is that a user can quickly see the effect of the change in oxygen
concentration of the breathing gases on patient blood oxygen concentration and determine whether

this meets their therapy target (for example a desired blood oxygen concentration).

[00184] Another benefit is that the respiratory therapy apparatus 10 may alarm based on the
estimated future value of the patient’s blood oxygen concentration. For example, the respiratory
therapy apparatus 10 may alarm when the change in the provided oxygen concentration of the
breathing gases is estimated to be unlikely to provide the desired change in patient blood oxygen

concentration.

22



WO 2021/079202 PCT/1B2020/056237

[00185] When a user typically a therapist, nurse, doctor, or other health practitioner, sets a
target blood oxygen concentration, they may also set a target oxygen concentration range of the
breathing gases. The respiratory therapy apparatus 10 will then attempt to control the patient blood
oxygen concentration by varying the provided oxygen concentration of the breathing gases while
ensuring the oxygen concentration of the breathing gases is within the target oxygen concentration

range.

[00186] However, in some cases, the respiratory therapy apparatus 10 will be unable to reach
the target blood oxygen concentration when providing breathing gases with a composition within the
target oxygen concentration range. Again, in this case, the patient may not be receiving sufficient
therapy.

[00187] Additionally, as described above, changes to the blood oxygen concentration of the
patient may lag changes to the provided oxygen concentration. Therefore, it may be some time before

the user realises that the patient is not receiving sufficient therapy.

[00188] A respiratory therapy apparatus 10 may therefore be provided that estimates the
maximum or minimum future blood oxygen concentration of a patient corresponding with the target

oxygen range.

[00189] It will be appreciated the terms respiratory assistance apparatus, respiratory therapy

apparatus and flow therapy apparatus may be used interchangeably.

[00190] The apparatus may then generate an alarm output to notify the user that the apparatus
will be unable to reach the target blood oxygen concentration when providing breathing gases with a
composition within the target oxygen concentration range. The user can then review the patient and,

optionally, modify the target oxygen concentration range.

[00191] In some embodiments, the apparatus may determine an updated target oxygen
concentration range if the apparatus detects it will be unable to reach the target blood oxygen

concentration with the target oxygen concentration range.

[00192] The estimation of the maximum or minimum future blood oxygen concentration may

provide an early indication to the user the patient is not receiving sufficient therapy.

[00193] Blood oxygen concentration may be a peripharal capillary oxygen saturation (8p02), or

a partial pressure of oxygen (PaO2}.

[00194] Oxygen concentration of breathing gases may be a fraction of inspired oxygen (Fi02),
for example the oxygen percentage of the breathing gas inhaled by the patient, or a fraction of
delivered oxygen (FA02), for exampls the oxygen percentage of the breathing gas delivered to the
patient.
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[00195] Physiologically, oxygen provided to a patient (for example as a fraction of inspired
oxygen (FiO2})}, will be via the lungs transferred to the blood of a patient (for example as a partial

pressure of oxygen (Pa0O2})

[00196] The oxygen in a patient’s blood (for example as a partial pressure of oxygen (PaO2}}
may be converted o a peripheral capillary oxygen saturation (Sp02) using a haemoglobin saturation

function.

[00197] A respiratory therapy apparatus 10 is shown in Figure 1A. The respiratory therapy
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
respiratory therapy apparatus 10. For example, the controller 13 can control components of the
respiratory therapy apparatus 10, 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
respiratory therapy apparatus 10, and outputting information (for example on the display) to the user.

[00198] For these purposes, the controller 13 includes one or more computer processors 13a
and associated non-transitory memory or storage medium storing processor executable instructions or
code. The instructions, when executed by the one or more processors cause the respiratory therapy
apparatus to effect the steps and processes described herein.

[00129] The user can be a patient, healthcare professional (for example a clinician), 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
flow comprising substantially 100% oxygen, a flow comprising some combination of ambient air and

oxygen, and/or the like.

[00200] 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 flow therapy apparatus 10 may be humidified, and
delivered to the patient via the patient breathing conduit 16 through the patient interface 17. The
patient breathing conduit 16 can have a heating element 16a to heat gases flow passing through to
the patient. The heating element 16a can be under the control of the controller 13. In at least one
configuration, the heating element 16a is a heater wire 16a. The patient breathing conduit 16 and/or
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patient interface 17 can be considered part of the respiratory therapy apparatus 10, or alternatively
peripheral to it. The respiratory therapy system 1 may comprise the respiratory therapy apparatus 10,

patient breathing conduit 16, and patient interface 17 together can form a respiratory therapy system.

[00261] 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 controller 13 can be configured to control the
humidifier 12. The gases flow is directed out through the patient breathing conduit 16 and patient
interface 17 to the patient. The controller 13 can also control a humidifier heating element 16b 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.

[00262] The oxygen inlet port 28 can include a valve through which a pressurized gas may enter
the respiratory therapy apparatus 10. The valve can control a flow of oxygen into the respiratory
therapy apparatus 10. 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. Valve modules and filters are discussed in further detail below with
relation to Figures 7-15.

[00203] The flow 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. In at
least one implementation of 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 can therefore help 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, may be equivalent to a
fraction of delivered oxygen (FdO2), and may be substantially the same as the oxygen concentration
the patient is breathing, fraction of inspired oxygen (FiO2), and as such the terms may can be seen as
equivalent.

[00204] Operation sensors 3a, 3b, 3¢, such as flow, temperature, humidity, and/or pressure
sensors can be placed in various locations in the flow therapy apparatus 10. Additional sensors (for
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example, sensors 20, 25) may be placed in various locations on the patient conduit 16 and/or patient
interface 17 (for example, there may be a temperature sensor 29 at or near the end of the inspiratory
tube). The sensors can be monitored by the controller 13. This can assist the controller 13 in
operating the flow 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
respiratory therapy apparatus 10 may have a transmitter, receiver and/or transceiver 15 to enable the
controller 13 to receive signals 8 from the sensors and/or to control the various components of the flow
therapy apparatus 10, including but not limited to the flow generator 11, humidifier 12, and heating
element 16a, humidifier heating element 16b or accessories or peripherals associated with the flow
therapy apparatus 10. Additionally, or alternatively, the transmitter, receiver and/or transceiver 15
may deliver data to a remote server or enable remote control of the respiratory therapy apparatus 10

or respiratory therapy system 1.

[00265] Oxygen may be measured by placing one or more gas composition sensors (such as an
ultrasonic transducer system) after the oxygen and ambient air have been mixed. The measurement
can be taken within the respiratory therapy apparatus 10, the patient breathing conduit 16, the patient

interface 17, or at any other suitable location.

[00266] 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 patient breathing 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 flow therapy apparatus 10 can

also be used.

[00287] The flow 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 concentration (for example blood oxygen saturation (SpO2)),
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 flow therapy system 1. The pulse oximeter can be attached to the
patient, typically at their finger, although other places such as an earlobe are also an option. The pulse
oximeter can be connected to a processor in the respiratory therapy apparatus 10 and would
constantly provide signals indicative of the patient’s blood oxygen saturation. The patient sensor 26
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can be a hot swappable device, which can be attached or interchanged during operation of the flow
therapy apparatus 10. For example, the patient sensor 26 may connect to the flow therapy apparatus
10 using a USB interface or using wireless communication protocols (such as Bluetooth®). When the
patient sensor 26 is disconnected during operation, the flow therapy apparatus 10 may continue to
operate in its previous state of operation for a defined time period. After the defined time period, the
flow therapy apparatus 10 may trigger an alarm, transition from automatic mode to manual mode,
and/or exit control mode (e.g., automatic mode or manual mode) entirely. The patient sensor 26 may
be a bedside monitoring system or other patient monitoring system that communicates with the flow

therapy apparatus 10 through a physical or wireless interface.

[00208] The flow therapy apparatus 10 may comprise or be in the form of a high flow therapy
apparatus. As used herein, “high flow” therapy refers to administration of gas to the airways of a
patient at a relatively high flow rate that meets or exceeds the peak inspiratory demand of the patient.
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 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 25LPM 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 therapy’ may refer to the delivery of gases to a patient at a flow rate of greater than 1 LPM, such
as 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 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 flow 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 (FdO2s) 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 flow therapy apparatus 10 may include safety thresholds when operating in manual mode that
prevent a patient from delivering to much oxygen to the patient.

[00269] High flow therapy may be administered to the nares of a patient and/or orally, or via a
tracheostomy interface. High flow therapy may deliver gases to a patient at a flow rate at or
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exceeding the intended patient’s peak inspiratory flow requirements. The high flow 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 therapy can be delivered with a non-sealing patient interface such as, for
example, a nasal cannula. The patient interface 17 may be configured to deliver breathing gases to
the nares of a patient at a flow rate exceeding the intended patient’s peak inspiratory flow

requirements.

[00210] 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. A 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 hare or mouth of the patient. For a
nasal cannula the airway is through the nares.

[00211] The flow generator 11 can be or comprises a blower module. The blower module may

comprise at least one blower 11 configured to generate said flow of gases.

[00212] The flow generator 11 can include an ambient air inlet port 27 to entrain ambient room
air into the blower. The flow therapy apparatus 10 may also include an oxygen inlet port 28 leading to
a valve through which a pressurized gas may enter the flow generator 11. The valve can control a
flow of oxygen into the flow generator 11. The valve can be any type of valve, including a proportional

valve or a binary valve.

[00213] The blower 11 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. Operation of the blower 11 can mix the gases entering the blower 11

through the inlet ports (for example ambient air inlet port 27 and/or an oxygen inlet port 28). Using the
blower 11 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.

[00214] The respiratory assistance apparatus may further comprises a gas composition sensor.
The gas composition sensor may be the sensor described below (for example the ultrasonic

transducer configuration).

[00215] The gas composition sensor may be connected to the controller.

28



WO 2021/079202 PCT/1B2020/056237

[00216] The gas composition sensor may be located at any point in the flow path.

[00217] The gas composition sensor may be an oxygen concentration sensor configured to

measure the oxygen concentration of the breathing gas.

[00218] The controller may be configured to receive an oxygen concentration signal indicative of

the oxygen concentration of the breathing gas from the oxygen concentration sensor.

[00219] The gas composition sensor may be configured to provide a gas composition sensor
output to the controller. Optionally, the gas composition sensor output may be a signal indicative of the

gas composition (for example oxygen concentration) of the breathing gas.

[00220] The gas composition sensor may be in electronic communication with the controller.
[00221] The controller may be configured to control the oxygen concentration of the breathing

gases based on the oxygen concentration signal from the oxygen concentration sensor.

[00222] The respiratory assistance apparatus may further comprises blood oxygen

concentration sensor.

[00223] The blood oxygen concentration sensor may provide a signal to the controller.

[00224] The blood oxygen concentration sensor may be a pulse oximeter, or an arterial oxygen
sensor.

[00225] The blood oxygen concentration sensor may be in electronic communication with the
controller.

[00226] The controller 13 may comprise one or more processors. The processors may be

configured with computer readable instructions.

[00227] The controller 13 may comprise at least one memory element. The memory element

may be configured to store said computer readable instructions.

[00228] The memory element may be non-transitory.

[00229] The respiratory assistance apparatus may comprise at least one display module,

configured to display an alarm output.

[00230] In some embodiments information relating to the estimated future value may be
displayed. For example, the estimated minimum future value of a patient’s blood oxygen and/or the
estimated minimum future value of a patient’s blood oxygen concentration, and/or the estimated future

value.)
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[00231]

[00232] The respiratory assistance apparatus may comprise at least one audible module

configured to emit an audible alarm.

[00233] The display module may comprise at least one display (for example a liquid crystal
display (LCD), or an light emitting diode (LED) display, although it will be appreciated any display
technology may be used)

[00234] The display module may be configured to receive inputs to the system (for example as a
touch screen)

[00235] With additional reference to Figure 1B, a sensing circuit board 2200 is shown that can
be implemented in the flow 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.

[0023€] 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 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.

[00237] 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
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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 Figure1B.

[00238] 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.

[00239] 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 gas composition sensor is an ultrasonic transducer that employs ultrasonic or
acoustic waves for determining gas concentrations. Various sensor configurations are described

below with respect to Figures 1C-1F.

[00240] The ultrasonic transducer may determine the relative gas concentrations of two or more
gases in the gases flow. The ultrasonic transducer 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 (O2). It will also be
appreciated that the ultrasonic transducer 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 sensors can determine the gas concentration
of gases in the gases flow at a relatively high frequency. For example, the ultrasonic sensors can
output a measured FAdO2 value at a 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.

[00241] 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.

[00242] 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
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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.

[00243] 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.

[00244] 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.

[00245] 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.

[00246] Referring to Figure 1C, the transducer configuration 2300 provides an arrangement in
which there is a pair of transducers 2302, 2304 opposing each from opposite sides of the sensing
passage 2306, with the air 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 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.

[00247] 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. 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
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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.

[00248] 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 with the previous embodiments, 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.

[00249] 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 cross-flow pulses in a beam path or paths that are substantially 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.

[00250] Some examples of flow 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.
Examples of configurations of flow therapy apparatuses that can be used with aspects of the present

disclosure are discussed in further detail below with relation to Figures 14-19.

[00251] 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 flow therapy
apparatus 10. The closed loop control system can be configured to ensure the patient’s blood oxygen

concentration (for example SpO2) reaches a target level and consistently remains at or near this level.
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[00252] An oxygen control system is described in International Application No.
PCT/NZ2018/050137, titled “Closed Loop Oxygen Control”, filed on October 5, 2018, which are hereby
incorporated by reference in their entireties.

[00253] The controller 13 may be configured to control the blood oxygen concentration of a
patient to a target blood oxygen concentration (or a target blood oxygen concentration range.) The
controller 13 may be configured to receive a signal indicative of the blood oxygen concentration of the
patient, and calculate a target oxygen concentration of the breathing gases to control the blood
oxygen concentration of a patient to a target blood oxygen concentration (or a target blood oxygen

concentration range).

[00254] The target oxygen concentration of the breathing gases may be controlled to be within a

target oxygen concentration range of the breathing gases (described in more detail below).

[00255] The controller 13 may be configured to control the oxygen concentration of the breathing
gases to a target oxygen concentration of the breathing gases. The controller 13 may be configured to
receive a signal indicative of the oxygen concentration of the breathing gases, and control the oxygen

concentration of the breathing gases to the target oxygen concentration of the breathing gases.

[00256] Oxygen concentration of the breathing gases may be for example the measured oxygen
concentration of the breathing gases, and/or the delivered oxygen concentration of the breathing

gases, and/or the provided oxygen concentration of the breathing gases.

[00257] 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. The input(s) may comprise a target blood oxygen
concentration of a patient. The target blood oxygen concentration may be a target SpO2 value. The
target blood oxygen concentration may be a single value or a range of values. The value(s) could be
pre-set, chosen by a user, or determined based on the type of patient. The 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 patient’s target
blood oxygen concentration (described in more detail below). The controller can target a value within
said range. The target blood oxygen concentration 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 target blood oxygen concentration. The controller can be
configured to have one or more set responses when the patient’s blood oxygen concentration moves
outside of the range. The responses may include alarming, changing to manual control of FdO2,
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.
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[00258] The graphical user interface of the flow therapy apparatus 10 may be configured to
prompt the user to input a patient type, and the target blood oxygen concentration (or for example the
target blood oxygen concentration range) 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 of

the target oxygen concentration range of the breathing gases.

[00259] Generally, the patient’s blood oxygen concentration (for example 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 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 target SpO2
could be any value between any two suitable values from any two of the aforementioned ranges. The
target SpO2 can correspond to the middle of a defined SpO2 range.

[00260] The input(s) received by the controller 13 may additionally or alternatively comprise a
target oxygen concentration range. The target oxygen concentration range may be a target FdO2, or
FiO2.

[00261] The target oxygen concentration range may be provided via a user interface 14.

[00262] As discussed above, the oxygen concentration of the breathing gases (for example
FdO2) can be controlled within a target oxygen concentration range of the breathing gases. The target
oxygen range may be an allowable range where the FdO2 is controlled within. As discussed
previously, the measured in the apparatus (for example FdO2) would be substantially the same as the
oxygen concentration the patient is breathing (FiO2) 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 target oxygen concentration range could be pre-set, selected by a user, or
determined based on the type of patient. 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 FAO2 could be selected. The target oxygen concentration range can
be determined at least partially based on this value. For example, the target oxygen concentration
range could be a set amount above and below the selected FdO2. The selected FdO2 could be used
as the starting point for the controller 13. The respiratory therapy apparatus 10 could have one or
more responses if the controller 13 tries to move the FAO2 outside of the target oxygen concentration
range. These responses could include alarming, preventing the FAO2 moving outside of the range,
switching to manual control of FdO2, and/or switching to a specific FdO2. The respiratory therapy
apparatus 10 could have one or more target oxygen concentration ranges where one or more different
responses occur as it reaches the limit of each target oxygen concentration range.
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[00263] The target oxygen concentration range of the breathing gases may comprise an upper

target oxygen concentration.

[00264] The target oxygen concentration range of the breathing gases may comprise a lower

target oxygen concentration.

[00265] It will be appreciated in certain circumstances no upper target oxygen concentration or
lower target oxygen concentration may be provided.

[00266] Oxygen concentration of the breathing gases (for example FAdO2) 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 FAO2 could be controlled between any two suitable values from any two ranges
described. The FAO2 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% FAO2 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%.

[00267] 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 (for example the patient target
blood oxygen range, or the target oxygen concentration range of the breathing gases) could be
displayed by having the two limits set apart from each other on the GUI, with an indicator appearing
within the respective range to graphically represent the position of the current value with respect to the
limits of the range.

[00268] The GUI can display graphs of recent FAO2 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.

[00269] FdO2 data displayed can be at least one of the target FAO2 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.
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[00270] 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.

[00271] The closed loop control system may utilize two control loops. The first control loop may
be implemented by the blood oxygen concentration (for example SpO2) controller. The blood oxygen
concentration controller can determine a target oxygen concentration (for example FdO2) based in
part on the target blood oxygen concentration and/or the measured blood oxygen concentration. As
discussed above, the target blood oxygen concentration value can be a single value or a range of
acceptable values. The value(s) could be pre-set, chosen by a user, or determined automatically
based on client characteristics.

[00272] The target blood oxygen concentration may be controlled within a target blood oxygen

concentration range.

[00273] The target blood oxygen concentration range may comprise an upper target blood

oxygen concentration and/or a lower target blood oxygen concentration.

[00274] The controller 13 may be configured to control the target blood oxygen concentration to
be within the upper target blood oxygen concentration of the target blood oxygen concentration range

and the lower target blood oxygen concentration of the target blood oxygen concentration range.

[00275] Generally, target blood oxygen concentration values are received or determined before
or at the beginning of a therapy session, though target blood oxygen concentration values may be
received at any time during the therapy session.

[00276] During a therapy session, the blood oxygen concentration controller can also receive as
inputs: measured oxygen concentration reading(s) from a gases composition sensor, and measured
blood oxygen concentration reading(s) and a signal quality reading(s) from the patient sensor. In some
configurations, the blood oxygen concentration controller can receive target oxygen concentration as
an input. In such a case, the output of the blood oxygen concentration controller may be provided
directly back to the blood oxygen concentration controller as the input. Based at least in part on the
inputs, the blood oxygen concentration controller can output a target oxygen concentration to the
second control loop.

[00277] The second control loop may be implemented by a breathing gases oxygen
concentration controller. The oxygen concentration controller may be configured to control the oxygen

concentration from an initial oxygen concentration to a target oxygen concentration.

[00278] The blood oxygen concentration controller may be a separate controller to controller 13,

or may be included as part of controller 13.
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[00279] The oxygen concentration controller may be a separate controller to controller 13, or

may be included as part of controller 13.

[00280] The initial oxygen concentration may be a measured oxygen concentration. In some
embodiments the initial oxygen concentration will be the result of previous control of the oxygen
concentration. In some embodiments for example at start-up of the system or when no supplemental
oxygen source is connected, in this case the initial oxygen concentration may be substantially the

same as that of ambient air.

[00281] The target oxygen concentration may be the target oxygen concentration (for example

FdO2) provided by the blood oxygen concentration controller.

[00282] The oxygen concentration controller can receive inputs of measured oxygen
concentration of the breathing gases and target oxygen concentration of the breathing gases. The
breathing gases oxygen concentration controller can then output an oxygen inlet valve control signal
to control the operation of the oxygen valve based on a difference between the measured oxygen
concentration and target oxygen concentration values. The oxygen concentration controller may
receive the target oxygen concentration value that is output from the first control loop when the
respiratory therapy apparatus is operating in automatic mode. The breathing gases oxygen
concentration controller may also receive additional parameters such as flow rate values, gas
properties, and/or measured oxygen concentration. 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 gasflow 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%.

[00283] From at least some of the inputs, the breathing gases oxygen concentration controller
can determine an oxygen flow rate that would be required to achieve the target oxygen concentration.
The oxygen concentration controller can use the flow rate input in order to alter the valve control
signal. If the flow rate changes, the oxygen concentration controller can automatically calculate a new
required oxygen flow rate required to maintain the target oxygen concentration at the new flow rate
without having to wait for feedback from the gas concentration sensor, such as the measured oxygen
concentration value. The oxygen concentration 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
oxygen concentration controller may set the current of the oxygen valve in order to control operation of
the oxygen valve. Additionally, or alternatively, the oxygen concentration controller could detect
changes to the measured oxygen concentration and alter the position of the valve accordingly. During
manual mode, the second control loop can operate independently without receiving the target oxygen
concentration from the first control loop. Rather, the target oxygen concentration can be received from
user input or a default value.
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[00284] During the therapy session, the blood oxygen concentration and oxygen concentration
controllers can continue to automatically control the operation of the flow therapy apparatus until the

therapy session ends or an event triggers a change from the automatic mode to manual mode.

[00285] The breathing gases oxygen concentration controller may be configured to be control
oxygen concentration in the breathing gases to within a target oxygen concentration range. The target
oxygen concentration range may comprise an upper target oxygen concentration, and/or a lower

target oxygen concentration.

[00286] The respiratory assistance apparatus may further comprise at least one valving

arrangement (as described in more detail below).

[00287] The valving arrangement may be controllable by the controller to vary the amount of

supplemental oxygen provided from an oxygen source to the breathing gas.
[00288] The valving arrangement may be in fluid communication with the blower,

[00289] The valving arrangement may be controllable to adjust the amount of oxygen introduced
into the gases flow.

[00290] The valving arrangement may comprise one or more actuators.

[00291] The controller may be configured to vary the amount of supplemental oxygen provided
from an oxygen source to the breathing gas to control the oxygen concentration of the breathing
gases.

[00292] The respiratory therapy system 1 may comprise a predictive alarm system. In particular,
the respiratory therapy apparatus 10 may comprise the predictive alarm system. The predictive alarm

system may generate an alarm based on an estimated future value of the patient’s blood oxygen

concentration.

[00293] The predictive alarm system may be part of the controller 13 or part of a separate alarm
module.

[00294] The controller 13 may be configured to estimate the effect of a change in oxygen

concentration of the breathing gases on a patient’s blood oxygen concentration.

[00295] The controller 13 may be configured to estimate the effect of past changes (for example
a series of changes) in oxygen concentration of the breathing gases on a patient’s blood oxygen

concentration.

[00296] The controller 13 may be configured to estimate a maximum future value of a patient’s

blood oxygen concentration based on the effect of past changes (for example a series of changes) in
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oxygen concentration of the breathing gases, and the target oxygen concentration range of the

breathing gases.

[00297] The controller 13 may also take into account the patient blood oxygen (i.e. as measured

by a sensor).

[00298] In some embodiments the patient blood oxygen may be determined over a period of
time.
[002299] The controller 13 may be configured to control the oxygen concentration of the breathing

gases to the target oxygen concentration.

[00300] The change in oxygen concentration of the breathing gases (the change in provided
oxygen concentration) may cause a corresponding change in patient blood oxygen concentration.

[00301] If the change is an increase in the oxygen concentration of the breathing gases (for
example as shown in Figure 2A) then a corresponding increase in patient blood oxygen concentration

should occur.

[00302] If the change is a decrease in the oxygen concentration of the breathing gases (for
example as shown in Figure 2B then a corresponding decrease in patient blood oxygen concentration

should occur.

[00363] Figure 2A shows an example increase (shown as a step change) in the oxygen
concentration of the breathing gases over time (for example by the controller controlling to the target
oxygen concentration of the breathing gases), and the corresponding effect this has on patient blood

oxygen concentration over time.

[00304] At time t1 the controller 13 controls the oxygen concentration of the breathing gases
from the initial oxygen concentration 920 through a step change 921 to a higher, target oxygen
concentration 922. As shown in the blood oxygen concentration over time in Figure 2A, the effect the
change in oxygen concentration 921 has on blood oxygen concentration is gradual over time, with the

estimated blood oxygen concentration increasing over time from t1 to t3.

[00305] Figure 2B shows an example decrease (shown as a step change) in oxygen
concentration of the breathing gases over time (for example by the controller controlling to the target
oxygen concentration of the breathing gases), and the corresponding effect this has on patient blood

oxygen concentration over time.

[00306] At time t1 the controller 13 controls the oxygen concentration of the breathing gases
from the initial oxygen concentration 930 through a step change 931 to a lower, target oxygen
concentration 932. As shown in the blood oxygen concentration over time the effect the change in

oxygen concentration 931 has on blood oxygen concentration is gradual over time, with the estimated
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blood oxygen concentration 933 decreasing over time from t1 to t3. Time t4 represents a time where
the change in oxygen concentration of the breathing gases has had its full effect on the estimated

blood oxygen concentration 933.

[00367] Figures 2A and 2B show a single step change in the oxygen concentration over time. It
will be appreciated that the controller may execute a series of changes over a period of time (for
example as shown in Figure 3).

[003068] Figure 3 shows a series of exemplary changes in the oxygen concentration of the
breathing gases over time (for example the controller controlling to the target oxygen concentration of
the breathing gases), and the corresponding effect this has on patient blood oxygen concentration
over time.

[003069] At time t1 the controller 13 controls the oxygen concentration of the breathing gases
through a step change 939 to a higher oxygen concentration of the breathing gases, followed by a
further step change 939’ at t2 to a higher oxygen concentration of the breathing gases, followed by a
further step change 939" at t3 to a lower oxygen concentration of the breathing gases, followed by a
further step change 939’ at t4 to a lower oxygen concentration of the breathing gases.

[00310] The controller 13 may be executing these changes to the oxygen concentration of the

breathing gases based on control of the patient blood oxygen concentration (as described above)

[00311] The controller 13 may be executing these changes to reach a target oxygen
concentration of the breathing gases.

[00312] Although figures 2A, 2B and 3 show changes to the oxygen concentration of the
breathing gases as step changes, these changes may occur over a time period. In some embodiments

control of the oxygen concentration of the breathing gases may be continuous.

[00313] During operation of the apparatus 10, the controller 13 may store the oxygen
concentration of the breathing gases as stored oxygen concertation data.

[00314] The controller 13 may also store an associated timestamp. The controller 13 may store
the oxygen concentration of the breathing gases and an associated timestamp as stored oxygen
concentration data. For example the stored oxygen concentration data may comprise a one or a more
oxygen concentrations of the breathing gases each oxygen concentration having an associated

timestamp.

[00315] The timestamp may include information as to the time at when the oxygen concentration
of the breathing gases was measured (for example by a sensor) or determined (for example
calculated as a target.
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[00316] With reference to Figure 4A, the determination of the estimated future value of the

patient’s blood oxygen concentration is shown in more detail.

[00317] The determination of an estimated future value as shown in Figure 4A may be based on
the effect of a single change in oxygen concentration of the breathing gases, or one or more changes

in the oxygen concentration of the breathing gases over a period of time.

[00318] At block 901, the controller 13 determines the initial oxygen concentration of the
breathing gases. As discussed above, if the flow therapy apparatus 10 has been operating, this initial
oxygen concentration may be higher than that of ambient air. Alternatively, if the flow therapy
apparatus 10 has not been operating, the oxygen concentration may be substantially the same as that

of ambient air.

[00319] The initial oxygen concentration may be determined from a signal from the gases
composition sensor (as described above). The controller 13 can monitor readings from the gases

composition sensor to determine the initial oxygen concentration.

[00320] At block 902, the controller 13 determines the target oxygen concentration of the
breathing gases. As discussed above, the target oxygen concentration of the breathing gases may be
the target oxygen concentration (for example FdO2) provided by the blood oxygen concentration

controller.

[00321] The target oxygen concentration may be determined from a signal from the gases

composition sensor (as described above).

[00322] At block 903, the controller 13 determines the patient’s blood oxygen concentration (for
example the patient’s SpO2). In some embodiments the patient’s blood oxygen concentration may be

determined over a predetermined time.

[00323] At block 904, the controller determines the estimated future value of the patient’s blood

oxygen concentration (described in more detail below).

[00324] The controller 13 may be configured to calculate an estimated future value of the
patient’s blood oxygen concentration based on a difference between the initial oxygen concentration of

the breathing gases and the target oxygen concentration of the breathing gases.

[00325] Additionally, or alternatively, the controller 13 may be configured to calculate an
estimated future value of the patient’s blood oxygen concentration based on a measurement indicative

of the patient’s blood oxygen concentration.

[00326] In some embodiments, the estimated future value of the patient’s blood oxygen

concentration (BOC) may be based on the following equation:
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Estimated future BOC = Current BOC + K(AG, Cane)
where:
Estimated future BOC is the estimated value of the patient’s blood oxygen concentration,
Current BOC is the current patient blood oxygen concentration.

K'is a factor or function which defines a relationship between the change in oxygen
concentration of the supplied gas, and the effect on patient blood oxygen concentration.

AO2 Conc is the change in oxygen concentration of the breathing gases (for example the
difference between the initial oxygen concentration of the breathing gases and the target oxygen
concentration of the breathing gases).

[00327] The estimated future value of the patient’s blood oxygen concentration may be further
based on a time from when the controller controls the oxygen concentration of the breathing gases to
the target oxygen concentration. Referring to the equation above, the factor K may be based on the

time from when the change of oxygen concentration of the breathing gases occurred.

[00328] K may be a linear or non-linear function for example where an increase in supplied

oxygen results in a corresponding increase in patient blood oxygen concentration.

[00329] The estimated future value of the patient’s blood oxygen concentration may be based on
an estimated oxygen efficiency for a patient. The estimated oxygen efficiency being an indication of a
relationship between a change in oxygen concentration of the breathing gases and a change in patient
blood oxygen concentration. The estimated oxygen efficiency for a patient may be included as part of
the factor or function K as described above.

[00330] With reference to Figure 4B, another determination of the estimated future value of the
patient’s blood oxygen concentration is shown in more detail.

[00331] At block 911, the controller 13 may update stored breathing gases oxygen concentration

data (as discussed in more detail above).

[00332] The controller 13 may store breathing gases oxygen concentration data from start-up of
the apparatus, or from the initiation of therapy, or for a predetermined amount of time prior to the

present time (for example for the last 15 minutes).

[00333] The controller 13 may update the stored breathing gases oxygen concentration data at
regular time intervals, or irregular time intervals. In some embodiments, the controller may update the

stored breathing gases oxygen concentration data in real time.
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[00334] In some embodiments updating the stored breathing gases oxygen concentration data
may comprise adding one or more further oxygen concentrations of the breathing gases and an
associated timestamp (for example a newly measured oxygen concentration of the breathing gases

along with when the measurement was made as the timestamp)

[00335] At block 912, the controller 13 determines the patient’s blood oxygen concentration (for
example the patient’'s Sp0O2).

[00336] At block 913, the controller determines the estimated future value of a patient’s blood

oxygen concentration (as described in more detail below).

[00337] In some embodiments, the estimated future value of the patient’s blood oxygen

concentration (BOC) may be based on the following equation:
[00338] Estimated future BOC = f(BOC, 0, Conc, C)
Where:
Estimated future BOC is the estimated value of the patient’s blood oxygen concentration,

BOC is the blood oxygen concentration of the patient (for example the measured blood

oxygen concentration), over the treatment period, or over a predetermined time,

02 Conc is the oxygen concentration of the breathing gases (for example the target oxygen

concentration) over the treatment period, or over a predetermined time,

C may comprise constants and/or functions (for example and oxygen efficiency of a patient,

and/or a haemoglobin saturation function).

[00339] This equation shows the estimated future BOC is a function of patient blood oxygen

concentration, oxygen concentration of the breathing gases and constants and/or functions C.

[00340] In some embodiments the controller is configured to calculate an estimated future value
of the patient’s blood oxygen concentration based on the stored breathing gases oxygen concentration
data, and a measurement indicative of the patient’s blood oxygen concentration.

[00341] The oxygen concentrations of the breathing gases of the stored breathing gases oxygen

concentration data may be weighted based on the associated timestamp.

[00342] The controller may determine a series of changes of the oxygen concentrations of the

breathing gases are in the stored breathing gases oxygen concentration data.

[00343] The weighting based on the time stamp may be inversely proportional to the time since
a change in oxygen concentration of the breathing gases has occurred.
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[00344] That is, relatively older changes will be assigned a relatively lower weight in the
calculation of the future value of blood oxygen concentration, as the effect of these changes may have
already (at least partially) been realised on patient blood oxygen concentration, as compared to

relatively more recent changes

[00345] In some embodiments, the estimated future value of the patient’s blood oxygen
concentration (BOC) may be based on a sum of changes of the oxygen concentration of the breathing

gases.

[00346] With reference to Figure 4C, another determination of the estimated future value of the

patient’s blood oxygen concentration is shown in more detail.
[00347] At block 916, the controller 13 executes an estimate update phase.

[00348] The estimate update phases may be configured to determine one or more variables of

the apparatus 10 and update the sum of changes of the oxygen concentration of the breathing gases

accordingly.
[00349] At block 917, the controller 13 determines a patient blood oxygen concentration.
[00350] At block 918, the controller 13 estimates a future value of the patient’s blood oxygen

concentration based on the sum of changes of the oxygen concentration (which has been updated in

the estimate update phase at block 916).
[00351] The estimate update phase 916 is shown in more detail in Figure 4D.

[00352] At block 990, a decay factor is applied to the current sum of changes in the oxygen

concentration of the breathing gases.

[00353] The decay factor decays the sum of changes of the oxygen concentration of breathing
gases at each estimate update phase to account for changes in oxygen concentration of the breathing

gases which have had an effect on the patient blood oxygen concentration.

[00354] At block 991, the controller 13 determines the oxygen concentration of the breathing
gases. As discussed above the oxygen concentration of the breathing gases may be a measured
oxygen concentration (for example as measured by the gases composition sensor) or a target oxygen

concentration (i.e. as set by the controller 13).

[00355] At block 992, the controller 13 determines the oxygen concentration of the breathing
gases at the previous estimate update.
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[00356] At block 993, the controller 13 determines a difference between the oxygen
concentration of the breathing gases and the oxygen concentration of the breathing gases at the
previous estimate update.

[00357] At block 994, the controller 13 updates the sum of changes of the oxygen concentration
of breathing gases by adding the difference between the oxygen concentration of the breathing gases
and the oxygen concentration of the breathing gases at the previous estimate update, and the

decayed the sum of changes of the oxygen concentration of breathing gases.

[00358] The sum of changes of the oxygen concentration of the breathing gases may be
indicative of the changes to the oxygen provided to the user which is yet to affect the patient’s blood

oxygen concentration.

[00359] The estimated future value of the patient’s blood oxygen concentration may be based on

the oxygen efficiency of a patient, and/or a haemoglobin saturation function.

[00360] The estimate update phase may be shown by the equation below.

[00361] (A0, conc)t =x (T A0, conc)* ™t + ((0, conc)t — (0, conc)' 1)
Where:

(X A0, conc)t is the sum of changes of the oxygen concentration of the breathing gases at the
current estimate update phase (at time t)

« is the decay factor

(3 A0, conc)t 1t is the sum of changes of the oxygen concentration of the breathing gases at
the previous estimate update phase (at time t-1)

(0, conc)t is the oxygen concentration of the breathing gases at the current estimate update

phase (at time t)

(0, conc)t1 is the oxygen concentration of the breathing gases at the previous estimate
update phase (at time t-1)

[00362] The controller 13 may be configured to execute the estimation update phase at regular

time intervals, or irregular time intervals.

[00363] In some embodiments the controller 13 may be configured to execute the estimation
update phase about every 0.5 second to about every 2 seconds, or every 1 second to around every

1.5 seconds, or every 0.5 seconds, or every 1 second, or every 1.5 second.

[00364] In some embodiments the decay factor may provide for an exponential decay.
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[00365] The decay factor may be based on the time between estimation update phases.

[00366] In some embodiments, the decay factor may be chosen so any change in oxygen
concentration of the breathing gases has its amplitude decayed to 36% of its original value in 45

seconds.

[00367] The stored oxygen concentration data may be transmitted by the respiratory apparatus

device to one or more servers, or a patient monitoring unit, and/or a nurse monitoring station.

[00368] The controller 13 may be configured to compare the estimated future value of the

patient’s blood oxygen concentration with a blood oxygen concentration alarm range.

[00369] The controller 13 may generate an alarm output if the estimated future value of the
patient’s blood oxygen concentration is not within said blood oxygen concentration alarm range.

[00370] For example, in Figure 5A, the blood oxygen concentration alarm range may comprise
an upper blood oxygen concentration alarm threshold 996, and a lower blood oxygen concentration
alarm threshold 997.

[00371] The alarm output may be based on a difference between the estimated future value and
the upper blood oxygen concentration alarm threshold 996 (or the lower blood oxygen concentration

alarm threshold 997), and a measure of time.

[00372] The time taken for the alarm output to be generate may be inversely proportional to the
difference. For example, if the difference is relatively small the alarm may take a longer time to

activate, while if the difference is relatively larger the alarm may take a shorter time to activate.

[00373] In some embodiments, if the estimated blood oxygen concentration is close to the alarm

threshold, the alarm will take a relatively long time to activate.

[00374] In some embodiments, if the estimated blood oxygen concentration is far from the alarm

threshold, the alarm will take a relatively shorter time to activate.

[00375] The upper blood oxygen concentration alarm threshold 996 and/or lower blood oxygen
concentration alarm threshold 997 may be based on the time from when the controller controls the
oxygen concentration of the breathing gases to the target oxygen concentration. For example, the

lower blood oxygen concentration alarm may increase over time.

[00376] The alarm threshold may be determined based on an amount of a change in target
oxygen concentration (for example a difference between the target oxygen concentration and the

initial oxygen concentration).
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[00377] Additionally, or alternatively the alarm threshold may be determined or target oxygen
concentration
[00378] Additionally, or alternatively the alarm threshold may be determined current oxygen

concentration of gases.
[00379] The alarm threshold may be based on the target blood oxygen concentration.

[00380] As shown for example in Figure 5B, the controller 13 may be configured to generate an
alarm output based on a comparison of the estimated future value of the patient’s blood oxygen

concentration with a blood oxygen concentration alarm threshold 998.

[00381] The controller 13 may be configured to generate said alarm output if the estimated
future value of the patient’s blood oxygen concentration is above or below the blood oxygen

concentration threshold.

[00382] The alarm threshold may be based on the time from when the controller controls the

oxygen concentration of the breathing gases to the target oxygen concentration.

[00383] The alarm output may be transmitted to one or more servers, or a patient monitoring

unit, and/or a nurse monitoring station, in communication with the respiratory therapy apparatus.

[00384] The alarm threshold may be determined based on an amount of a change in target
oxygen concentration (for example a difference between the target oxygen concentration and the

initial oxygen concentration).

[00385] Additionally, or alternatively the alarm threshold may be determined or target oxygen

concentration

[00386] Additionally, or alternatively the alarm threshold may be determined current oxygen

concentration of gases.

[00387] The alarm range may be based on the target blood oxygen concentration.

[00388] The alarm output may be transmitted to one or more servers, or a patient monitoring

unit, and/or a nurse monitoring station, in communication with the respiratory therapy apparatus.

[00389] The blood oxygen concentration alarm threshold may be based on the target blood
oxygen concentration. For example, the blood oxygen concentration alarm threshold may be a

percentage difference, or a predetermined amount from the target blood oxygen concentration.

[00390] The controller may also be configured to determine the effect of any further possible
change to the oxygen concentration of the breathing gases within the target oxygen concentration
range of the breathing gases on patient blood oxygen concentration.
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[00391] For example, if the upper target oxygen concentration of the target oxygen
concentration range is higher than the oxygen concentration of the breathing gases then the controller
can determine the effect on patient blood oxygen concentration of an increase in oxygen concentration

of the breathing gases to the upper target oxygen concentration.

[00392] The alarm output is described in more detail below.

[00393] With reference to Figure 6, the determination of the maximum or minimum future value
of the patient’s blood oxygen concentration for a corresponding target oxygen range is shown in more

detail.

[00394] The maximum or minimum future value may be after an effect of any change of oxygen
concentration of the breathing gases has been realised on patient blood oxygen (for example when

the patient’s blood oxygen no longer changes, or reaches a steady state).

[00395] At block 941, the controller 13 determines the target oxygen concentration range of the
breathing gases (described in more detail above). For example, the target oxygen concentration range
may be provided as an input from a user or may be determined by the controller 13 or another

controller of the apparatus 13.

[00396] At block 942, the controller 13 determines the patient blood oxygen concentration (for

example, with a sensor such as a pulse oximeter).

[00337] At block 943, the controller 13 determines the oxygen concentration of the breathing
gases. If the controller 13 is in the process of changing or controlling the oxygen concentration of the
breathing gases, the oxygen concentration of the breathing gases may be a target oxygen

concentration of the breathing gases.

[00398] At block 944, the controller 13 determines an estimated maximum or minimum future
value of patient blood oxygen concentration. The estimated maximum or minimum future value of
patient blood oxygen concentration may be based on the target oxygen concentration range of the
breathing gases, the current oxygen concentration of the breathing gases, and the current patient

blood oxygen concentration.

[00399] Figure 7 shows an example of the controller 13 controlling an oxygen concentration of
the breathing gases from an initial oxygen concentration 920 to an target oxygen concentration 921.
The target oxygen concentration 921 may be within the target oxygen concentration range. As
discussed above, the target oxygen concentration range may comprise the upper target oxygen
concentration 935 and/or the lower target oxygen concentration 936.
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[004G0] The controller may determine a difference between the upper target oxygen

concentration 935 and the target oxygen concentration 921 (as shown by reference 937.)

[00401] The controller may determine a difference between the lower target oxygen

concentration 936 and the target oxygen concentration 921 (as shown by reference 938.)

[00402] The controller 13 may be configured to calculate an estimated maximum or minimum
future value of a patient’s blood oxygen concentration for the target oxygen concentration range. That
is, calculate an estimation of a maximum or minimum future value of a patient’s blood oxygen
concentration given a possible further change of provided oxygen concentration that the apparatus

can provide while still being within the target oxygen concentration range.

[00403] This estimated maximum or minimum future value can be useful in providing information
to a user as to the estimated effect that the apparatus can provide with respect to the patient’s blood
oxygen concentration within the target oxygen concentration range of the breathing gases input by the
user. For example, if the estimated maximum or minimum future value is not acceptable to the user

then the user can be notified and change the input parameters of the system, or modify the therapy.

[00404] The controller 13 may be configured to calculate an estimated maximum future value
of a patient’s blood oxygen concentration for the target oxygen concentration range. The estimated
maximum future value of a patient’s blood oxygen concentration for the target oxygen concentration
range may be based on a difference between the target oxygen concentration and the upper target
oxygen concentration, and the measurement indicative of a patient’s blood oxygen concentration.

[00405] The estimated maximum or minimum future value of a patient’s blood oxygen
concentration may additionally be based on a measurement indicative of a patient’s blood oxygen

concentration.

[00406] The determinations of the estimated maximum or minimum future value of a patient’s
blood oxygen concentration may comprise aspects of the methods described above to determine an

estimated future value of patient blood oxygen concentration.

[00407] The estimated maximum or minimum future value of a patient’s blood oxygen
concentration may be based on changes to the oxygen concentration of the breathing gases which
have occurred in the past (for example the stored breathing gases oxygen concentration data), and
potential changes which could occur in the future (for example changes which could occur in control of
the oxygen concentration of the breathing gases within the target oxygen concentration range of the

breathing gases).

[00408] In some embodiments, the maximum estimated future value of the patient’s blood

oxygen concentration (BOC) may be based on the following equation:
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BOCEY, = Current BOC + P (upper target 0, cone — eurrent 0, cone)
where:

BOCS!, is the estimated maximum value of the patient’s blood oxygen concentration for the

corresponding target oxygen range.
Current BOC is the current patient blood oxygen concentration.

P is a factor or function which defines a relationship between the further potential increase in

oxygen concentration of the supplied gas, and the effect on patient blood oxygen concentration.

Upper target 0, conc is the upper target oxygen concentration (optionally of the target oxygen

concentration range).

Current 0, conc is the current oxygen concentration of the breathing gases.

[00409] The controller 13 may be configured to calculate an estimated minimum future value of
a patient’s blood oxygen concentration for the target oxygen concentration range. The estimated
minimum future value of a patient’s blood oxygen concentration may be based on a difference
between the target oxygen concentration and the lower target oxygen concentration, and the

measurement indicative of a patient’s blood oxygen concentration.

[00410] In some embodiments, the maximum estimated future value of the patient’s blood
oxygen concentration may be based on the following equation:
BOCHE = Current BOC + Q(iower target 0, conc - current 0, €0nc)

where:

BOCS! is the estimated minimum value of the patient’s blood oxygen concentration for the

min

corresponding target oxygen range.
Current BOC is the current patient blood oxygen concentration.

Q is a factor or function which defines a relationship between the further potential decrease in

oxygen concentration of the supplied gas, and the effect on patient blood oxygen concentration.

Lower target O? conc is the lower target oxygen concentration, optionally of the target oxygen

concentration range.

Current O2 conc is the current oxygen concentration of the breathing gases.
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[00411] Figure 8A shows the target oxygen concentration range of the breathing gases defined

by an upper target oxygen concentration 935 and a lower target oxygen concentration 936.

[00412] An example of the calculation of the estimated minimum or maximum future value of a
patient’s blood oxygen concentration is shown in Figures 8A and 8B. Figure 8A shows the oxygen
concentration of the breathing gases 922 over time. In this example the controller 13 is controlling the

oxygen concentration of the breathing gases 922 to constant value (i.e. there is no change).

[00413] The oxygen concentration of the breathing gases 922 corresponds with a blood oxygen
concentration 932 of a patient over time. As the oxygen concentration of the breathing gases 922 is

constant so it the blood oxygen concentration 932 of the patient.

[00414] As described above, the controller 13 may calculate a difference 937 between the upper
target oxygen concentration 935 of the breathing gases and the oxygen concentration of the breathing
gases 922 (for example, the current oxygen concentration of the breathing gases). This difference 937
may then be used, along with the measurement indicative of a patient blood oxygen concentration

923, to estimate a maximum future value of a patient’s blood oxygen concentration 950.

[00415] As described above the controller 13 may calculate a difference 938 between the lower
target oxygen concentration 936 of the breathing gases and the oxygen concentration of the breathing
gases 922 (for example, the current oxygen concentration of the breathing gases). This difference 938
may then be used, along with the measurement indicative of a patient blood oxygen concentration
923, to estimate a minimum future value of a patient’s blood oxygen concentration 951.

[00416] In some embodiments the estimated maximum or minimum future value of a patient’s
blood oxygen concentration may be based on an estimated future value of the patient’s blood oxygen
concentration (based on a recent change in oxygen concentration) for example, as described above.
This allows the estimation of a maximum or a minimum future value of a patient’s blood oxygen
concentration to account for past or recent changes in oxygen concentration of the breathing gases

(as described above).

[00417] In some embodiments, the estimated maximum or minimum future value of a patient’s
blood oxygen concentration may be based on the stored breathing gases oxygen concentration data

(as described in more detail above).
[00418] In some embodiments, the estimated maximum or minimum future value of a patient’s

blood oxygen concentration may be based on the sum of changes of the oxygen concentration of the

breathing gases (as described in more detail above).
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[00419] The estimated maximum or minimum future value of a patient’s blood oxygen
concentration may additionally be based on a measurement indicative of a patient blood oxygen
concentration and the estimated future value of the patient’s blood oxygen concentration (as described

above).

[00420] With reference to Figure 9A, the determination of the maximum or minimum future value
of the patient’s blood oxygen concentration, for a corresponding target oxygen concentration range of

the breathing gases, is shown in more detalil.

[00421] At block 960,the controller 13 may update the stored breathing gases oxygen
concentration data (as discussed in more detail above).

[00422] The controller 13 may store breathing gases oxygen concentration data from start-up of
the machine, or from the initiation of therapy, or for a predetermined amount of time from the present

time (for example for the last 15 minutes).

[00423] The controller 13 may store breathing gases oxygen concentration data at regular time
intervals, or irregular time intervals. In some embodiments, the controller may update the stored

breathing gases oxygen concentration data in real time.

[00424] At block 961, the controller 13 determines the patient’s blood oxygen concentration (for
example the patient’'s Sp0O2).

[00425] At block 962, the controller 13 determines the target oxygen concentration range of the
breathing gases (described in more detail above). For example, the target oxygen concentration range
of the breathing gases may be provided as an input from a user or may be determined by the

controller 13 or another controller of the apparatus 13.

[00426] At block 963, the controller 13 calculates an estimated maximum or minimum future

value of a patient’s blood oxygen concentration (as described elsewhere in the specification).

[00427] In some embodiments, the estimated maximum or minimum future value of the patient’s

blood oxygen concentration (BOC) may be based on the following equation:
Estimated maximum or minimum future BOC = f(BOC, 0, Conc, Target 0, Conc, C)
Where:

Estimated maximum or minimum future BOC is the estimated maximum or minimum future

value of the patient’s blood oxygen concentration,

BOC is the blood oxygen concentration of the patient, over the treatment period, or over a

predetermined time,
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Oz Conc is the oxygen concentration of the breathing gases over the treatment period, or over

a predetermined time,
Target Oz Conc is the target oxygen concentration range of the breathing gases

C may comprise constants and/or functions (for example and oxygen efficiency of a patient,
and/or a haemoglobin saturation function.)

[00428] This equation shows the estimated maximum or minimum future BOC is a function of
patient blood oxygen concentration, oxygen concentration of the breathing gases, the target oxygen

concentration range of the breathing gases, and constants and/or functions C.

[00429] In some embodiments the controller is configured to calculate the estimated maximum
or minimum future value of the patient’s blood oxygen concentration based on the stored breathing
gases oxygen concentration data, the target oxygen concentration range of the breathing gases, and
a measurement indicative of the patient’s blood oxygen concentration.

[00430] The oxygen concentrations of the breathing gases of the stored breathing gases oxygen
concentration data may be weighted based on the associated timestamp.

[004231] The controller may determine a series of changes of the oxygen concentrations of the

breathing gases are in the stored breathing gases oxygen concentration data.

[00432] The weighting based on time stamp may be inversely proportional to the time since a
change in oxygen concentration of the breathing gases has occurred.

[00433] That is, relatively older changes will be assigned a relatively lower weight in the
calculation of the estimated maximum or minimum future blood oxygen concentration, as the effect of
these changes may have already (at least partially) been realised on patient blood oxygen

concentration, as compared to relatively more recent changes

[00434] With reference to Figure 9B, another determination of the estimated maximum or
minimum future value of the patient’s blood oxygen concentration is shown in more detail.

[00435] At block 970, the controller 13 executes an estimate update phase (as discussed in

more detail above and as shown in Figure 4C).
[00436] At block 971, the controller 13 determines a patient blood oxygen concentration.

[00437] At block 972, the controller 13 determines the target oxygen concentration range of the

breathing gases.
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[00438] At block 973, the controller 13 estimates a future value of the patient’s blood oxygen
concentration based on the sum of changes of the oxygen concentration (which has been updated in
the estimate update phase at block 916).

[00439] The controller 13 may calculate a difference 937 between the upper target oxygen
concentration 935 of the breathing gases and the oxygen concentration of the breathing gases 922
(for example, the current oxygen concentration of the breathing gases). This difference 937 may then
be used, along with the measurement indicative of a patient blood oxygen concentration 923, and the
sum of changes of the oxygen concentration of the breathing gases, to estimate a maximum future

value of a patient’s blood oxygen concentration 950.

[00440] The controller 13 may calculate a difference 938 between the lower target oxygen
concentration 936 of the breathing gases and the oxygen concentration of the breathing gases 922
(for example, the current oxygen concentration of the breathing gases). This difference 938 may then
be used, along with the measurement indicative of a patient blood oxygen concentration 923, and the
sum of changes of the oxygen concentration of the breathing gases, to estimate a minimum future
value of a patient’s blood oxygen concentration 951.

[00441] The estimated maximum future value and/or the estimated minimum future value may
be updated in real time. In this way the estimated maximum future value and/or the estimated

minimum future value may be constantly updated during operation of the apparatus 10.

[00442] The estimated maximum future value and/or the estimated minimum future value may

be based on an oxygen efficiency ratio.

[00443] In some embodiments the oxygen efficiency ratio (including the oxygen efficiency ratio

as described above) may be input by a user.

[00444] In some embodiments the oxygen efficiency ratio may be calculated based on a
measured blood oxygen concentration and a lower target oxygen concentration of the breathing gases

(or an upper target oxygen concentration of the breathing gases).

[00445] In another embodiment, the flow therapy apparatus 10 can determine an oxygen

efficiency associated with the patient.

[00446] The system can calculate an estimate of the patient’s oxygen efficiency (£02), along
with other parameters. Generally, the oxygen efficiency can be calculated based on the patient’s
measured blood oxygen concentration (for example SpO2) and the measured oxygen concentration of
the breathing gases (for example FAO2). In one configuration, the oxygen efficiency is determined
based on the patient’s measured SpO2 divided by the measured FdO2.
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[00447] A patient in need of supplementary oxygen may have an oxygen efficiency that is less
than that of a healthy individual. For example, in a healthy individual, a change in FdO2 could cause
double the change in SpO2 as it would for a patient SpO2 with low oxygen efficiency. Having a
measure of the patient’s oxygen efficiency allows for a more efficient execution of a closed loop

oxygen control system.

[00448] As illustrated in Figure 10A, the controller 13 can calculate an oxygen efficiency for the
patient. The controller can receive the measured SpO2 value. The measured FdO2 value can be
received from the gases composition sensors. An instantaneous oxygen efficiency can then be
calculated based on the measured SpO2 the measured FAO2 values. The patient’s overall oxygen
efficiency can then be estimated by applying a running filter to the instantaneous oxygen efficiency
data. Filtering the instantaneous oxygen efficiency data can reduce fluctuations in the estimate of the
patient’s overall oxygen efficiency. The controller may also prioritize more recent data. The
instantaneous oxygen efficiency data can be weighted by the pulse oximeter’s signal quality, such that
measures of instantaneous oxygen efficiency that were made from data with low signal quality can
have a reduced effect on the estimate of the patient’s overall oxygen efficiency. The instantaneous
oxygen efficiency data can also be weighted based on the size of recent changes to FdO2, such that
measures of instantaneous oxygen efficiency that were made from data following a large change in
FdO2 can have a reduced effect on the estimate of the patient’s overall oxygen efficiency. This is
because of a delay between when a change is made in the FdO2 and when there is a change in the
measured SpO2. The controller can also take into account whether or not the patient is wearing the
cannula when estimating the patient’'s oxygen efficiency. For example, the controller can disregard

efficiency data from periods when the patient is not wearing the cannula.

[00449] The device can constantly monitor and update the estimate of the patient’s overall
oxygen efficiency. The patient’s overall oxygen efficiency may be used by multiple parts of the closed
loop control system, such as in the predictive model, tuning of the PID coefficients, and/or the step up
of the feed forward phase. The patient’s overall oxygen efficiency can be constantly updated as
estimates of the patient’s instantaneous oxygen efficiency changes. The controller can start with an
initial estimate of the patient’s oxygen efficiency based on the typical oxygen efficiency for a patient
requiring supplemental oxygen. The overall oxygen efficiency can then be updated as data is
received. A higher estimate of the oxygen efficiency can result in smaller changes in FdO2, which can
reduce risk to the patient of receiving too much oxygen. A lower estimate can result in larger changes
in FAO2, which can allow the controller to achieve the target SpO2 more quickly but may cause over-
shoot.

[00450] In some configurations, the flow therapy apparatus 10 can have an initial oxygen

efficiency calculation phase in order to determine an oxygen efficiency of the patient. In some

configurations, the oxygen efficiency is not updated after the initial oxygen efficiency calculation.
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[00451] The controller may be configured to generate an alarm output.

[00452] The alarm output may comprise an alarm signal.

[00453] The alarm output may have any of the features as described above.

[00454] The alarm output may be provided in combination with the above described alarm
output.

[00455] The controller 13 may be configured to compare the estimated maximum future value of

a patient’s blood oxygen concentration with the upper target blood oxygen concentration, and
generate the alarm output if the estimated maximum future value of a patient’s blood oxygen

concentration is greater than the upper target blood oxygen concentration.

[00456] The controller 13 may be configured to compare the estimated maximum future value of
a patient’s blood oxygen concentration with the lower target blood oxygen concentration, and generate
the alarm output if the estimated maximum future value of a patient’s blood oxygen concentration is

less than the lower target blood oxygen concentration.

[00457] An alarm parameter of the alarm output may be based on the magnitude of the
difference between the estimated maximum future value of a patient’s blood oxygen concentration and

the upper target blood oxygen concentration.

[00458] The controller 13 may be configured to compare said estimated minimum future value of
a patient’s blood oxygen concentration with the lower target blood oxygen concentration, and generate
an alarm output if the estimated minimum future value of a patient’s blood oxygen concentration is

less than the lower target blood oxygen concentration.

[00459] The controller 13 may be configured to compare said estimated minimum future value of
a patient’s blood oxygen concentration with the upper target blood oxygen concentration, and
generate an alarm output if the estimated minimum future value of a patient’s blood oxygen
concentration is greater than the upper target blood oxygen concentration.

[00460] An alarm parameter of the alarm output may be based on the magnitude of the
difference between the estimated minimum future value of a patient’s blood oxygen concentration with

the lower target blood oxygen concentration.

[004861] The alarm parameter may be the alarm duration, or the alarm intensity.
[00462] The alarm intensity may be a level of alarm, for example indicating the seriousness of
the alarm.

[00463] The alarm output may be provided to a display.
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[00464] The display may be configured to provide a user interface.

[00465] The alarm output may be configured to generate a sound, or provide an indication (for

example a visual indication).

[00466] The alarm output may be transmitted to one or more servers, or a patient monitoring

unit, and/or a nurse monitoring station, in communication with the respiratory therapy apparatus.

[00467] The alarm output may be based on a difference between the estimated maximum future
value and the lower blood oxygen concentration alarm threshold 931(or a difference between the
estimated minimum future value and the upper blood oxygen concentration alarm threshold 930), and

a measure of time.

[00468] The time taken for the alarm output to generate may be inversely proportional to the
difference. For example, if the difference is relatively small, the alarm may take a longer time to

activate, while if the difference is relatively larger, the alarm may take a shorter time to activate.

[00469] In some embodiments, if the estimated blood oxygen concentration is close to the alarm

threshold, the alarm will take a relatively long time to activate.

[00470] In some embodiments, if the estimated blood oxygen concentration is far from the alarm

threshold, the alarm will take a relatively shorter time to activate.

[00471] An under oxygenation warning alarm output may be provided when the controller 13
predicts that the estimated maximum future value of a patient’s blood oxygen concentration is more

than a threshold amount below the target blood oxygen concentration.

[00472] The under oxygenation warning alarm output may be provided after a under
oxygenation warning alarm output time has elapsed during which the estimated maximum future value
of a patient’s blood oxygen concentration is more than a threshold amount below the target blood

oxygen concentration.

[00473] The under oxygenation warning alarm threshold amount may have a first threshold
corresponding to an under oxygenation first level warning and a second threshold corresponding to an
under oxygenation second level warning, where the first threshold is greater than the second
threshold.

[00474] The under oxygenation first level warning may be indicative of a large difference
between the estimated maximum future value of a patient’s blood oxygen concentration and the target

blood oxygen concentration.
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[00475] The under oxygenation second level warning may be indicative of a smaller difference
between the estimated maximum future value of a patient’s blood oxygen concentration and the target

blood oxygen concentration.

[00476] The under oxygenation first level warning may have a different alarm parameter to the

under oxygen second level warning (for example a longer alarm time).

[00477] An over oxygenation warning alarm output may be provided when the controller 13
predicts estimated minimum future value of a patient’s blood oxygen concentration is more than a

threshold amount above the target blood oxygen concentration.

[00478] The over oxygenation warning alarm output may be provided after an over oxygenation
warning alarm output time has elapsed during which the estimated minimum future value of a patient’s
blood oxygen concentration is more than a threshold amount above the target blood oxygen

concentration.

[00479] The over oxygenation warning alarm threshold amount may have a first threshold
corresponding to an over oxygen first level warning and a second threshold, and an over oxygenation
second level warning, where the first threshold is greater than the second threshold.

[00480] The over oxygenation first level warning may be indicative of a large difference between
the estimated minimum future value of a patient’s blood oxygen concentration and the target blood

oxygen concentration.

[00481] The over oxygenation second level warning may be indicative of a smaller difference
between the estimated minimum future value of a patient’s blood oxygen concentration and the target

blood oxygen concentration.

[00482] The over oxygenation first level warning may have a different alarm parameter to the

over oxygen second level warning (for example, a longer alarm time).

[00483] An alarm output may also be generated as per the equation below.
Lgtorm = A,J(‘B Ol — Estimated Maxinuon or minimum future value — §)

Where

Zaerm 18 an alarm sum,

BOC,.;., is a minimum BOC threshold, for example as a user input, or as a lower target blood oxygen
concentration,

Estimated Maximum or minimum future valfue is an estimated max or min future value as described

above
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# is a sensitivity factor.
[00484] The alarm output may be generated where the alarm sum is above a thrashold.

[00485] Although the above description is related to an apparatus, it will be appreciated that the
above could be implemented as a method.

[00486] Also disclosed is a flow therapy apparatus used for providing the method as described
above.

[00487] The above mentioned embodiments may at least in part performed on an auxiliary
device 2.

[00488] For example calculating estimated maximum future value, and/or the estimated

minimum future value, and/or the estimated future value may be performed on the auxiliary device (for

example as shown in Figure 25) as opposed to the controller of the respiratory assistance device.

[00489] As shown in Figure 25 the auxiliary device 2 may comprise a display and/or a controller.
The controller for example may undertake any of the functions of the controller 13 of the respiratory

assistance apparatus 1.

[00490] As shown in Figure 25 the respiratory assistance apparatus may provide information to
the auxiliary device 2 to provide for the information needed to calculate the estimated future value of a

patient’s blood oxygen.

[00491] For example the respiratory assistance apparatus 1 may provide variables measured by
the respiratory assistance apparatus 1 such as the current patient blood oxygen concentration, and
the target oxygen concentration of the breathing gases, to the auxiliary device so that the auxiliary

device 2 may perform the calculation.

[00492] The respiratory assistance apparatus 1 may also provide other information to be
displayed on the auxiliary device 2 (for example patient blood oxygen concentration, and the target
oxygen concentration of the breathing gases or other variables measured or calculated by the

respiratory assistance apparatus 1).

[00493] In some embodiments, the respiratory apparatus 1 may communicate an alarm output

(as described in more detail above) to the auxiliary device 2.

[00424] The auxiliary device 2 may output an alarm (for example on an audio and/or visual

alarm via a display and/or speaker of the auxiliary device.)
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[00495] In some embodiments, the auxiliary device 2 may determine an alarm output and
provide the alarm output to the respiratory assistance apparatus 1. The respiratory apparatus 1 may

then output the alarm as described above)

[00496] The auxiliary device 2 may be or comprise a server, or a patient monitoring unit, and/or

a nurse monitoring station and/or a mobile device such as a tablet or mobile phone.

[00497] The auxiliary device 2 may communicate with the respiratory apparatus 1 via a wired

connection or via a wireless connection (for example Bluetooth or NFC).

[00498] The auxiliary device 2 may be provided with an app or user interface to display

information and/or alarms.

[00499] The auxiliary device 2 may be configured to vary at least one parameter of the

respiratory assistance apparatus (for example a target oxygen concentration of the breathing gases).

Motor and/or Sensor Module Configuration
[00500] A configuration of a flow therapy apparatus 10 is illustrated in Figures 11 to 13. The flow
therapy apparatus comprises a main housing 100. The main housing 100 has a main housing upper

chassis 102 and a main housing lower chassis 202.

[00561] As shown in figures 11 and 12, the lower chassis 202 has a motor recess 250 for receipt
of a removable or non-removable motor and/or sensor module 400 which is shown in figures 13 to 15
and will be described in further detail below. A recess opening 251 is provided in the bottom wall 230
adjacent a rear edge thereof, for receipt of a removable or non-removable motor/sensor module 400
which is shown in figures 16 and 18 and will be described in further detail below.

[00502] Figures 13 to 16 show the motor and/or sensor module or sub-assembly 400 in greater
detail. As discussed above, the lower chassis 202 comprises a recess 250 for receipt of the motor
and/or sensor module 400.

[00503] In the form shown in figures 13 to 16, the motor and/or sensor module 400 comprises a
stacked arrangement of three main components; a base 403 of the sub-assembly 400 (on which is
positioned the motor 402), an outlet gas flow path and sensing layer 420 positioned above the base
403, and a cover layer 440. The base 403, the sensing layer 420, and the cover layer 440 assemble
together to form a sub-assembly housing that has a shape that is complementary to that of the recess
250 so that the sub-assembly 400 can be received in the recess 250. The base 403 is configured to
close the recess opening 251 when the sub-assembly 400 is positioned in the recess 250. The sub-
assembly 400 may be maintained in position in the recess in any suitable way such as with fasteners,

clips, or a quick release arrangement for example, or fixed in a non-removable manner.

61



WO 2021/079202 PCT/1B2020/056237

[00504] The sensing layer comprises a gas flow path with one or more sensors, the gas flow

path arranged to deliver gas to the outlet port of the housing.

[005065] The motor 402 has a body 408 that defines an impeller chamber that contains an
impeller. The motor 402 could be any suitable gas blower motor, and may for example be a motor and
impeller assembly of the type described in published PCT specification W02013/009193. The contents
of that specification are incorporated herein in their entirety by way of reference.

[00566] A gases outlet 406 is in fluid communication with a gases inlet of the outlet gas flow path
and sensing layer 420, which is stacked on top of the motor. This layer 420 comprises a body 422
which comprises a plurality of mounting legs 425 that can be inserted into a plurality of mounting slots
(not shown) of the base 403 to secure the body 422 to the base 403. In one configuration, the body
422 defines a gas flow path that couples the gases outlet 406 with the gases inlet of the gas flow path

and sensing layer 420.

[00507] The body 422 defines a lower portion 426 of a sensing and gas flow path. The cover
layer 440 has a body 442 that defines the upper portion 446 of the sensing and gas flow path, with the
shape of the upper and lower portions 426, 446 corresponding substantially to each other.

[00508] As shown in figures 14 and 15, the gas flow path comprises a linear elongate gas flow

portion 428, 448. The inlet is in fluid communication with a tangential entrance portion 430, 450 of the
gas flow path, which is located at or adjacent an entrance end of the linear elongate portion 428, 448
of the gas flow path. Recesses 433, 453 and 434, 454 may be provided at opposite ends of the linear

elongate portion of the gas flow path.

[005G9] A gas flow outlet port 452 extends vertically through the body 442 of the cover layer
440, and is located at or adjacent an opposite exit end of the linear elongate portion 428, 448 of the
gas flow path. The gas outlet port 452 is in fluid communication with an upper portion of the motor
recess 250, which in turn is in fluid communication with the gas flow passage. Again, due to the wall
252 and ceiling 262 configuration of the recess 250, if there is gas leakage from the motor/sensor
module 400, that will be vented to atmosphere rather than entering the portion of the main housing
100 that contains the bulk of the electronics and control equipment. The recess 250 may comprise
spacer(s), such as lugs that protrude downwardly from ceiling 262 as shown in figure 15, to maintain a

suitable spacing for gas flow from the gas outlet port 452 and the ceiling of the recess 262.

[00510] It can be seen from figure 14 that that at least part of the gas flow path through and out
of the motor and/or sensing module 400 has a tortuous or sinuous configuration. For example, the
direction of gas flow travel through the elongate portions 428, 448 is generally opposite to the direction
of gas flow travel from the gas outlet port 452 to the entrance of the gas flow passage through elbow
324.
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[00511] As shown in figures 14 and 15, the cover layer 440 comprises a sensing printed circuit
board (PCB) 456. The cover layer 440 may also comprise one or more temperature sensors such as
thermistors that sit in the elongate portion 428, 448 of the gas flow path. One sensor will measure gas
temperature and the other can act as a redundant temperature sensor. Alternatively, one of the
thermistors could be used as a reference flow sensor (e.g. via use as a constant-temperature
thermistor), and the measured temperatures could be used to determine the gas flow rate through the
portion 428, 448 of the gas flow path. The one or more temperature sensors may be located on a
portion of the sensing PCB 456 that faces the gas flow. The sensing PCB 456 may additionally
comprise other sensors including but not limited to pressure sensors, humidity sensors and dew point

Sensors.

[00512] One or both of the electronics boards 272 will be in electrical communication or coupled
with the sensors to process information received from the sensors and operate the apparatus 10

based on the information received from the sensors.

[00513] In an alternative configuration, the motor/impeller unit may be provided remotely from
the apparatus 10. In that configuration, the module received in the recess 250 may only comprise a
gas flow path and various sensors, to deliver gases to the fixed elbow 324 and thereby to the liquid
chamber 300. In an alternative configuration, the module received in the recess 250 may only
comprise the motor and a gas flow path, but no sensors.

[00514] In another alternative configuration the motor and/or sensor module 400 may not be
removable from the recess 250, but instead may be permanently mounted therein. The benefits of the
gas isolation from the electrical/electronics components would still be provided in that configuration.

[00515] The flow path is compact, and has reduced turns/sharp turns which reduces flow
separation and reduces resistance to flow.

[00516] The arrangement of the motor and flow path provides another layer of isolation because

of the wall arrangement.

[00517] Having a modular motor and/or sensor module enables the various parts of the module
to be taken apart if needed for cleaning and/or servicing.

[00518] There are advantageously no leak paths in the motor and/or sensor module. While the
motor and/or sensor module may be a potential leak point, a leak in that region would result in the

oxygen venting to atmosphere or into the liquid chamber.

[00519] Figures 17 to 24 show a first configuration of a valve module 4001. The valve module
4001 controls the flow of oxygen and/or other gases entering the gas flow path of the apparatus 10,
and enables the apparatus 10 to regulate the proportion of oxygen entrained in the airflow. The valve
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module is formed as a modular unit for ease of manufacture, assembly, servicing, or replacement, for

example in the event of malfunction, routine maintenance, or future upgrade/improvement.

[00520] The valve module 4001 inserts vertically in an upward direction into the valve module
receptacle 306 in the lower chassis 202 of the main housing. In alternative configurations, the valve
module may be insertable in a different direction into the housing, such as a forward direction,
downward direction, rearward direction, or side direction. The valve module 4001 is removably
engageable with the main housing of the apparatus, such that the valve module 4001 is substantially
received in the housing and is accessible from the exterior of the housing. In some configurations, the
valve module 4001 can be fixed within the main hosing and not removable. Part of the valve module
4001 is arranged to be substantially flush with an external wall of the housing when the valve module

is removably engaged with the housing.

[00521] Because the valve module is modular and is accessible from the exterior of the housing,
the valve module can be replaced without significant disassembly of the apparatus 10 and without
compromising seals of the housing of the apparatus. Because the valve module 4001 is substantially
received within the housing, when the valve module is engaged with the housing it becomes
integrated with the housing and does not increase the size or bulk of the housing. Additionally, the
components of the valve module such as the valve 4003 and valve manifold 4011 described below are
protected in use because they are positioned within the valve carrier 4051 and main housing of the
apparatus in use. This configuration significantly reduces the likelihood of damage of the valve module

and valve module components if the apparatus 10 is inadvertently knocked or dropped.

[00522] The valve module comprises a flow control valve 4003 that is arranged to control a flow
of gas through a valve manifold 4011. The valve is arranged to control a flow of gas into part of the
apparatus. For example, the valve may be arranged to control a flow of gas to a filter module 1001.
Alternatively, the valve 4003 may be arranged to control a flow of gas to another part of the apparatus.
The valve module 4001 and filter module 1001 are positioned upstream of the blower 402 and motor
and/or sensor module 400. In some embodiments, the valve module 4001 and filter module 1001are
positioned downstream of the blower 402.

[00523] The valve 4003 comprises a cylindrical body 4005 and a valve member in the body.

[00524] The flow control valve could be a solenoid valve, could be motor-driven, or could be

piezo-operated for example.

[00525] In a solenoid valve, the valve member is actuated between open and closed positions.
The solenoid valve may be a proportional valve. The extent of gas flow through the valve (i.e. due to

the size of the valve opening) is relative to the electrical current supplied to the valve.

[00526] Alternatively, the solenoid valve may be controlled with a modulated input signal, so that
the valve is modulated between open and closed positions.
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[00527] The valve 4003 could be a needle valve, plunger valve, gate valve, ball valve, butterfly

valve, globe valve, etc. The valve may be of the pressure compensated type.

[00528] In some configurations, the valve is a normally-closed valve; that is, the valve is closed
when powered off. That will prevent a connected gas supply line continuously releasing oxygen or
other gas when the apparatus is powered off. In some alternative configurations, the valve is a

normally-open valve.

[00529] In some configurations, the valve 4003 is an electrically actuated proportional solenoid
valve. For example, the valve may be a yProp valve available from Staiger GmbH & Co. KG of
Erligheim, Germany, may be an Asco 202 series Preciflow valve available from Emerson/Asco Valves

of New Jersey, or may be any other suitable type of valve.
[00530] The valve may have a coaxial inlet-outlet configuration.

[00531] The valve module 4001 comprises a valve manifold 4011 which has a body 4013
defining a gas flow path 4015 between a valve manifold gases inlet 4017 and one or more valve
manifold gases outlets 4019. The gases inlet 4017 of the valve manifold is axially located at or toward
an end of the valve manifold. In some configurations the valve manifold 4011 has a single gases outlet
4019, which is radially located on the valve manifold. In some configurations, the valve manifold 4011
comprises a plurality of valve manifold gases outlets 4019 that are radially located about the valve
manifold. The valve manifold outlets 4019 are arranged to deliver gases from the valve manifold
gases inlet 4017 to a gases inlet of the filter module 1001. The radial arrangement of outlet(s) 4019
assists with directing oxygen (or other gas) towards the filter module, minimizing loss of oxygen and
enhancing entrainment efficiency. The valve 4003 is arranged to control a flow of gas from the valve
manifold gases inlet 4017 to the valve manifold gases outlet(s) 4019. When the valve is ‘closed’, gas
flow from the gases inlet 4017 to the gases outlet(s) 4019 is prevented. When the valve is ‘open’, gas

flow from the gases inlet 4017 to the gases outlet(s) 4019 is enabled.

[00532] An end 4018 of the valve manifold 4011 opposite to the gases inlet receives and
sealingly engages with the valve 4003 such that the valve and valve manifold are in fluid
communication. The end 4018 comprises a flange 4023 to mount to the valve. The flange 4023 has
apertures 4023A to receive fasteners 4023F to fasten the manifold to the valve 4003. O-ring(s) may be
provided about the periphery of the interface between the valve 4003 and the valve manifold 4011 to

sealingly engage the valve with the valve manifold.

[00533] The valve manifold 4011 directs/disperses oxygen from the valve via radially located
gases outlets 4019. In some embodiments, a single gases outlet 4019 is provided in the valve
manifold. As oxygen passes through the outlet(s), noise is generated. Because the apparatus may be
used in medical and/or home environments in close proximity to the patient, it is desirable to minimize

the noise produced.
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[00534] Additionally, or alternatively, a hood, duct, or channel may be formed around, in
proximity to, or in fluid communication with the valve manifold outlet(s) 4019 in order to reduce noise.
Additionally and/or alternatively, foam, or the like, may be placed around the valve manifold, in
proximity to the valve manifold outlets, to reduce noise.

[00535] A small filter may be provided inside the valve manifold gases inlet 4017 inlet to prevent
the introduction of dust or particulates into the valve.

[00536] An end of the valve manifold corresponding to the gases inlet 4015 is arranged to
receive and connect to a connector 4031. In the form shown, the connector 4031 is a swivel
connector. Alternatively, the connector 4031 may be arranged such that a gases inlet 4033 of the
connector can move in a different way, such as a translational movement or pivoting movement for

example.

[00537] The valve module 4001 is located at the start of the flow path of the apparatus. If the
valve 4003 was to be obstructed (i.e. by dust, particulate, etc.) such that it would be held open, excess
pressurized oxygen or other gas would ‘dump’ out ambient air entry opening(s) in the valve carrier
4051 (e.g. the opening shown beneath the swivel connector in figure 26). This would prevent any
excess pressure reaching the patient. As such, the system may be considered inherently pressure
limited without the use of a pressure relief valve.

[00538] Opening(s) 40510 are provided in the valve carrier 4051 to allow ambient air to be
drawn in to the gas flow path of the apparatus. The ambient air flow path passes near or adjacent to
the valve. In the form shown, the opening 40510 is located around the gases inlet of the swivel
connector. Additionally, or alternatively, the opening may be located elsewhere in the valve carrier.
When the blower motor 402 of the apparatus is operated, that will create suction through the filter
module and valve module, to suck ambient air into the apparatus. The ambient air flow path passes
through the valve module and allows ambient air to be entrained with the flow of gas from the flow
control valve. The ambient air flow path has a gas outlet adapted to deliver ambient air such that it

flows past one or more temperature sensors of the apparatus for delivering a flow of gas.

[00539] The apparatus may simultaneously draw in gas from the gases inlet of the valve
manifold and ambient air, or the pressurization of gas from the gases inlet may force that gas through
the filter. The gases will exit the valve module and enter the gases inlets in the filter. The apparatus
may be configured such that the gas from the gases inlet and the ambient air are dynamically
entrained/mixed in the apparatus prior to being delivered to the gases outlet of the apparatus.

[00540] The valve module may be configured to minimize pressure drop across the valve
module by having one or more of: the large opening 40510 for ambient air located around the swivel
connector and/or elsewhere; radiuses/rounded/sloped edges in the flow path (i.e. inside the valve
manifold, for example) to minimize turbulence and smooth flow.
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[00541] This valve module 4001 described herein are arranged to directly couple with the filter
1001to provide a gas flow path from the valve module to the filter. A hose connection is not required
between the valve module and the filter module. This minimizes the size of the components and

makes it easy to connect and disconnect the modular valve module and filter module.

[00542] The filter modules and valve modules described herein may provide varying gas flow
paths for the apparatus. For example, the valve module may control the flow of oxygen entering the
gas flow path of the apparatus, via the valve module and filter module. Alternatively, the valve module
may be bypassed by means of direct connection of an alternative oxygen source to the filter module
by the first sub-compartment gases inlet (inlet 1011 of figure 37 for example). This may be practical in
circumstances where a user may wish to manually adjust the oxygen supply (i.e. such as by the wall

supply rotameter).

[00543] It will be appreciated that the filter modules and the valve modules described herein may
be used separately in apparatuses for delivering a flow of gas. Alternatively, the filter and the valve

module may be used together as a filer and valve assembly for improved functionality.

[00544] In the configurations shown, the apparatus 10 receives oxygen by at least one of the

following:

via the valve module (for automatic oxygen regulation by the apparatus), or

via the alternative gases inlet provided on the top of the filter (allowing attachment of a

manually adjustable oxygen supply - i.e. such as by the wall supply rotameter).

[00545] The various configurations described are exemplary configurations only. Any one or
more features from any of the configurations may be used in combination with any one or more

features from any of the other configurations.

[00546] For example, the swivel connector used in the valve module may have additional
functionality. In some configurations, the swivel connector may be arranged to swivel about more than
one axis; and may for example have two adjacent swivel connection portions with swivel axes that are
transverse to each other, so that the gases inlet of the swivel connector can rotate around the two
axes. In some configurations, the swivel connector may comprise a ball and socket arrangement or
similar, to enable the gases inlet of the swivel connector to rotate in substantially any direction. In
some configurations, the swivel connector may be arranged to provide both swiveling and translational
movement; so that the gases inlet of the swivel connector may both swivel about one or more axes
and may also travel linearly for example. This may be practical for translating the gases inlet from one
portion of the apparatus to another, such as from one side of the apparatus to the other of the
apparatus for example. In some configurations, the gases inlet may be arranged to translate instead of

rotate.
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[00547] As another example, while the motor and/or sensor sub-assembly recess is described
as being in the underside of the main housing, it could alternatively be in a rear, side, front, or top of
the housing. With such a variant, the air and/or oxygen inlets may also be positioned differently as

required.

[00548] As another example, rather than the liquid chamber and chamber bay being configured
so that the liquid chamber is inserted into and removed from the chamber bay from a front of the
housing, the configuration could be such that the liquid chamber is inserted into and removed from the

chamber bay from a side, rear, or top of the housing.

[00549] As another example, while the filter modules are described as being inserted into the
housing from above and the valve modules inserted into the housing from below, either or both of
those components could be inserted into any suitable part of the housing, such as an upper part, lower

part, side part, front part, or rear part.

[00550] The filter module and valve module are described with reference to a flow therapy
apparatus that is capable of delivering heated and humidified gases to a patient or user. The
apparatus may be suitable for treating chronic obstructive pulmonary disease (COPD). The apparatus
may be configured to deliver gases to a patient interface at a high flow rate (high flow therapy),

particularly nasal high flow therapy.

[00551] Alternatively, the filter module and/or valve module may be used in an apparatus for a
different purpose. The apparatus may be a high flow therapy apparatus, or may be a low flow therapy
apparatus. The features may also be provided in an apparatus for providing continuous positive airway
pressure (CPAP), which may deliver gases (humidified or otherwise) at positive pressure.

[00552] The filter module and/or valve module may alternatively be used with an apparatus that
does not require a humidifier and therefore does not require the liquid chamber 300 or chamber bay
108 features. For example, it will be appreciated that the configuration that isolates the motor and gas
flow path from the electrical and electronic components has broad applications in other types of gas

delivery apparatuses.

[00553] The ‘flow therapy apparatus’ language is intended to cover all such variants.
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