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(7) ABSTRACT

A respiratory gas delivery system (10) is disclosed. The res-
piratory gas delivery system (10) comprises a wearer inter-
face (16) through which respiratory gas is supplied to a wear-
er’s airway and a gas conditioning device (24) for
conditioning the respiratory gas upstream of the interface
(16) in a direction of gas flow to the wearer, the gas condi-
tioning device (24) comprising a controller (78), wherein the
interface (16) comprises a sensor for measuring an operating
variable in use such that the controller (78) controls the opera-
tion of the conditioning device (24) based on said sensor
measurement.
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SYSTEM FOR CONTROLLING DELIVERY
OF RESPIRATORY GAS

[0001] The present invention relates to respiratory circuits
and, more particularly, to a system which allows for the
control of one or more properties of the gas delivered via the
respiratory circuit.

[0002] The artificial respiration of a patient requires the
delivery of a gas under pressure to a patient’s airway. The
respiratory gas is regulated by a ventilator and passed to a
patient interface via a set of tubes and associated devices,
often referred to as a patient circuit.

[0003] During mechanical ventilation, a patient’s nose is
bypassed, and as such it is essential that the humidity of the air
is maintained at a sufficiently high level. It is conventional in
such systems to provide a humidification device, by which the
moisture content of the gas to be inspired by a patient is
increased. An evaporator may be used for this purpose, within
which the inspiratory gas is passed over a heated water res-
ervoir such that water vapour is carried by the gas to the
patient. Such an arrangement also has the effect of warming
the gas flow.

[0004] For the purpose of humidification, it is generally
preferable to heat the water reservoir in the humidifier to an
elevated temperature to promote evaporation and thus raise
the moisture content of the respiratory gas stream. Accord-
ingly a conventional heater for this purpose may operate to
maintain the water reservoir at a predetermined elevated tem-
perature in order to ensure that the relative humidity of the gas
stream is maintained at least at a desired, constant level. Such
a fixed operating condition is typically set using a manually
operated dial.

[0005] Over-heating of the gas flow is however undesirable
and can cause discomfort for the patent. In extreme circum-
stances a significantly over-heated and moisture-laden gas
flow can scald the patient. Accordingly it has previously been
proposed to monitor the temperature of the gas flow leaving
the humidifier using a sensor and to control the rate of heating
of the water reservoir based on a desired gas delivery tem-
perature to the patient.

[0006] However the applicant has determined that the vari-
ous different scenarios in which respiratory apparatus is used
canlead to situations in which respiratory gas is not optimally
conditioned using conventional equipment.

[0007] It is an aim of the present invention to provide a
system and associated apparatus which offer an improved
degree of control over the conditioning of respiratory gas
supplied to a patient.

[0008] According to one aspect of the invention there is
provided a respiratory gas delivery system comprising a
wearer interface through which respiratory gas is supplied to
a wearer’s airway and a gas conditioning device for condi-
tioning the respiratory gas upstream of the interface in a
direction of gas flow to the wearer, the gas conditioning
device comprising a controller, wherein the system further
comprises a sensor for measuring the body temperature of the
wearer and a data transmitter arranged to transmit data cor-
responding to body temperature readings taken by the sensor
to the controller, the controller controlling the operation of the
conditioning device based on said data.

[0009] The wearer interface may comprise the temperature
sensor for measuring the body temperature of the wearer.
Additionally or alternatively, the wearer interface may com-
prise a further sensor. The further sensor may be arranged for
measuring the temperature of the gas flow through a gas
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passage in the wearer interface. Additionally or alternatively,
the wearer interface may comprise a gas flow or pressure
sensor for the gas flow through the wearer interface.

[0010] In one embodiment, the body temperature sensor
may be provided remotely of the wearer interface. Such sen-
sor options may include an in-ear sensor or a skin temperature
sensor. If provided remotely of the wearer interface, the sen-
sor may be connected thereto, for example by one or more
wires. Thus a temperature sensor can communicate with the
controller via said wired connection.

[0011] In one embodiment, the conditioning device com-
prises a heater. The conditioning device may comprise a
humidification device, which may comprise a reservoir of
water and a heater. The humidification device typically com-
prises a gas flow inlet and outlet to allow passage of gas over
the reservoir, typically via an internal chamber which is part-
filled with water.

[0012] The controller may control the operation of the
heater. The controller may control the degree or rate of
humidification of respiratory gas to the wearer. The controller
may control the rate of heat transfer to the reservoir of water
by the heater. The controller may control the supply of electric
power to the heater.

[0013] Typically the conditioning device is provided
within, or arranged in use to be part of, a patient circuit. The
conditioning unit is typically a separate device from a con-
ventional flow regulating unit, such as a ventilator. It will be
appreciated to the skilled person that such flow regulating
devices represent complicated and expensive assets and
accordingly there is a significant benefit in providing addi-
tional functionality within the patient circuit in a manner that
does not involve any adjustment to such units.

[0014] According to one embodiment, the temperature sen-
sor is a core body temperature sensor. The temperature sensor
may be arranged for location at, on or adjacent an internal
body surface of the wearer. The internal surface may be a wall
of the wearer’s respiratory or digestive system such as within
the trachea or esophagus. The surface may be in the vicinity of
the laryngeal framework. The wearer interface may be corre-
spondingly shaped for location against such an internal body
surface.

[0015] Such an embodiment is particularly beneficial in
preventing over humidification of a gas flow for a patient
having a lowered core body temperature, such as, for
example, when undergoing surgery.

[0016] The wearer interface may be arranged for insertion
into a wearer’s airway. The wearer interface may comprise an
artificial airway device. The wearer interface may comprise a
tracheal tube or conduit, such as an endrotracheal tube, or
supraglottic airway. The wearer interface may comprise a
sealing member for sealing against an internal surface of the
wearer. The sealing member may be deformable to adapt to
the internal surface of the wearer. The body temperature
sensor may be located in a portion of the endrotracheal tube or
sealing member.

[0017] Inembodiments in which either a body or gas tem-
perature sensor is provided, said sensor may be encapsulated
in the material of the wearer interface, typically closeto, or at,
its surface. The wearer interface may comprise a moulded
material, within which the sensor may be encapsulated. This
may be achieved by suspending the temperature sensor within
a mould cavity when moulding the relevant portion of the
wearer interface.
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[0018] The wearer interface may be provided with one or
more wites depending from the, or each, sensor. The wire may
be encapsulated in the material of the wearer interface. The
wearer interface may comprise a connector, for example at a
portion thereof distal from the wearer and/or sensor. In one
embodiment, the connector comprises an electrical connector
and the wire may pass between the, or each, sensor and the
connector.

[0019] The transmitter may be a wired or wireless data
transmitter.
[0020] The controller may be provided within a housing of

the conditioning device.

[0021] Any of the sensors defined above may comprise a
first sensor and the system may comprise one or more further
sensors arranged to sense a characteristic of the respiratory
gas flow to the wearer or else the body temperature of the
wearer. The gas flow characteristic may comprise any, or any
combination, of temperature, humidity, pressure and/or flow
rate of the gas flow. The further sensor may also be provided
within the wearer interface. Additionally or alternatively, the
further sensor may be located at a location in the gas delivery
system which is downstream of the flow conditioning device
but upstream of the first sensor. A sensor may be located in a
gas passageway at or near an inlet to the wearer interface. A
sensor may be located at or near an outlet of the flow condi-
tioning device.

[0022] Inoneembodiment, the controller controls the con-
ditioning device to modify the conditioning of the gas flow
actively and/or automatically in response to the received data.
In the event of a change to the body temperature of the wearer
or the sensed flow characteristics, the control may implement
a corresponding change in operation of the conditioning
device. The controller may comprise a dynamic controller.
[0023] The controller may control the conditioning device
to heat the gas flow to the wearer to a temperature which
substantially matches the body temperature measured by the
sensor. The controller may set a desired value or set point for
a flow conditioning parameter based upon the received body
temperature data. The controller may have a memory and may
have stored therein one or more preset control settings. For
example, one such setting may correspond to a heating con-
dition for a normal body temperature or a normal body tem-
perature range. One or more settings may comprise heating
conditions for elevated or depressed body temperature con-
ditions.

[0024] Additionally or alternatively the controller may be
arranged to receive sensor readings from one or more further
sensors. The controller may dynamically adjust the operation
of the flow conditioning device based on sensor data from the
one or more further sensors in order to achieve a desired flow
parameter value, which may correspond to the set point deter-
mined based upon the received body temperature data. In the
example of a temperature sensor downstream of the flow
conditioning device, the controller may adjust the tempera-
ture of the heater until the gas flow achieves the desired
temperature at the location of the second sensor.

[0025] Thecontroller may receive readings from any one or
more of the sensors and compare the readings to previously
received readings or a current flow conditioning setting. In the
event that the controller determines a difference between the
current readings and previous readings or settings, the con-
troller may determine a new desired set point for the gas flow
and may iteratively adjust the control of the flow conditioning
device in order to achieve that new set point.
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[0026] The controller may comprise machine-readable
instructions, which may comprise one or more module of
code and/or algorithm, for the control of any of the above
described controller functions.

[0027] According to a second aspect of the invention, there
is provided a wearer interface for a respiratory gas delivery
system, the wearer interface comprising a temperature sensor
arranged to detect a body temperature of the wearer and to
transmit the body temperature reading, or data corresponding
thereto, to a controller of a remote flow conditioning device
within the gas delivery system.

[0028] According to a third aspect of the invention, there is
provided a respiratory gas humidifier for use in a respiratory
gas delivery system, the humidifier comprising a heater for
transferring heat energy to a water reservoir, and a controller
arranged to receive data signals from patient body tempera-
ture sensor located remotely of the humidifier, the controller
being arranged to control operation of the heater based upon
said received data signals in order to achieve a desired tem-
perature and/or humidification of the respiratory gas supplied
to a patient via the gas delivery system.

[0029] The controller may control operation of the heater
such that the temperature of the respiratory gas supplied to the
patient substantially matches the patient body temperature.
[0030] According to a fourth aspect of the invention there is
provided a respiratory gas delivery system comprising the
humidifier of the third aspect and a patient body temperature
Sensor.

[0031] According to a fifth aspect of the invention there is
provided a wearer interface device for a respiratory gas deliv-
ery system, the wearer interface comprising a connector for
connecting the wearer interface to a corresponding duct in the
gas delivery system to allow passage of gas to the wearer via
the interface, the wearer interface comprising a moulded
material and having a sensor embedded in said moulded
material arranged to detect a characteristic of the gas flow as
it passes through the interface device, the sensor being
arranged to transmit sensor reading data to a controller of a
flow conditioning device within the gas delivery system.
[0032] The wearer interface may comprise a further sensor
embedded in the moulded material of the interface.

[0033] Any of the optional features defined above in rela-
tion to any one aspect of the invention may be applied to any
other aspect of the invention wherever practicable.

[0034] It will be appreciated to the skilled person that gas
flows within a respiratory system may carry water vapour
therein and/or liquid phase material, such as water, for
example in the form of particles or droplets. The term “gas”
should be interpreted accordingly and need not be limited to
a purely gas phase fluid flow.

[0035] Practicable embodiments of the invention are
described in further detail below with reference to the accom-
panying drawings of which:

[0036] FIG. 1 shows a schematic of a system according to
one embodiment of the invention;

[0037] FIG. 2 shows a three-dimensional view of a patient
interface according to an embodiment of the invention;
[0038] FIG. 3 shows a longitudinal section through the
patient interface of FIG. 2;

[0039] FIG. 4 shows a longitudinal section through a fur-
ther patient interface according to the invention;

[0040] FIG. 5shows a longitudinal section through another
patient interface according to the invention;
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[0041] FIG. 6 shows a humidifier for use in accordance
with the present invention; and,

[0042] FIG. 7 shows a flow diagram for the operation of a
system according to an embodiment of the invention.

[0043] Particular instances in which the inventor has deter-
mined that conventional humidification systems may not sat-
isfactorily adapt to patient requirements concern high-risk
surgical procedures, such as cardiac or cranial surgery. The
body temperature of the patient is often lowered deliberately
during such procedures in order to improve patient outcome.
However it has been determined that there is a risk of over
humidification using conventional humidification systems
when the patient’s body temperature remains below normal.
Such over-humidification could, if unchecked, result in a
build up of liquid which could: occlude the respiratory air
flow; drain back into the patient’s lungs thereby putting the
patient at risk of drowning; or flow into the ventilator/anaes-
thetic equipment thus causing damage.

[0044] Accordingly the present invention may be consid-
ered to derive from a general premise that it is possible to
actively control the operation of the humidifier in response to
a sensor configuration that can better monitor the patient
condition. It is also proposed that this can be achieved using
asensor located in, or connected to, the patient interface itself
so as to accurately capture information on internal respiratory
gas flow and/or core body temperature.

[0045] Whilst the system and associated method and appa-
ratus has been developed as a result of the above-identified
problems, it has since been appreciated that the features of the
present invention may be more widely applied to other arti-
ficial respiratory scenarios in which there is a need to closely
control the level of humidification.

[0046] Turning now to FI1G. 1, there is shown a respiratory
system 10, which may otherwise be referred to as a breathing
circuit. The system 10 comprises a conventional ventilator 12,
an inspiratory limb 14 for delivering respiratory gases to a
patient interface 16 for inhalation, and an expiratory limb 18
for transporting exhaled respiratory gases back to the venti-
lator 12. The inspiratory limb 14 comprises two breathing
tubes 20, 22, the first of which is connected at one end to the
ventilator 12 and the second of which leads to the patient
interface 16. A humidifier 24 is connected to the inspiratory
limb between the two breathing tubes 20, 22 in the flow path
from the ventilator to the patient interface 16 for humidifying
the respiratory gases before inhalation by the patient.

[0047] In this embodiment, breathing tube 22 disposed
between the humidifier 24 and the patient interface 16 is
heated, in order to maintain the temperature and humidity of
the respiratory gases at a desired level for inhalation. Accord-
ingly the tube 22 has one or more heating elements in the form
of wires wound, typically helically, about the tube body. The
tube has an end connector 26 comprising an electrical con-
nector for the heating wires so as to allow connection to a
power supply in use by a suitable power supply cable. The
heating wire may be embedded in, co-formed with, or else
attached to the tube using any conventional techniques.
[0048] Also shown in FIG. 1 is a further connector 28
located between the tube 22 and the patient interface 16. The
further connector takes the form of a Y-piece connector such
that it provides a common connection between the patient
interface and both the inspiratory 14 and expiratory 18 limbs.
The Y-piece connector connects at a first port to tube 22, ata
second port to the patient interface and at a third port to tube
30 of the expiratory limb. Such Y-piece connectors are gen-

Sep. 25,2014

erally known in the art. However in this embodiment, the
Y-piece connector comprises an electrical connector formed
at its connection port with the tube 22. Also the Y-piece
connector forms an electrical connection with the patient
interface 16, such that power and or signals can be supplied
via the Y-piece connector to the patient interface as will be
described below.

[0049] The expiratory limb comprises two breathing tubes
30, 32 and dehumidifying apparatus 34 connected between
those two breathing tubes for removing water vapour from the
exhaled respiratory gases before those respiratory gases are
returned to the ventilator 12. Removal of water vapour from
the exhaled respiratory gases in the expiratory limb of a
breathing circuit reduces the risk of damage being caused to
the ventilator by the water vapour, and also reduces the
amount of condensation that occurs within the breathing
tubes of the expiratory limb, which may restrict or occlude the
flow passageways of the breathing tubes. In this regard a
conventional dehumidifier may be used as known to the
skilled person in this field.

[0050] In use, the ventilator provides a pressurized source
of respiratory gas for delivery to the patient interface via the
inspiratory limb, including the humidifier 24, such that the
gas stream picks up moisture which is carried to the patient
airway via the patient interface 16. When the patient exhales,
expired gas is carried along the expiratory limb via the dehu-
midifier 34 back to the ventilator 12.

[0051] Exemplary embodiments of patient interfaces
which may be used in accordance with the invention are
described with reference to FIGS. 2-5 below. It is noted that
the invention is well suited to invasive interface devices
although it is not necessarily limited to only such devices.
[0052] FIGS. 2 and 3 show a first embodiment of a supra-
glottic airway according to the present invention, which is
generally designated 36. The supraglottic airway 36 com-
prises a fluid conduit defined by a tubular passageway 38 and
a sealing member 40 disposed at one end of the tubular
passageway 38. At the other end of the tubular passageway
38, a connector 42 is provided for connecting the supraglottic
airway to breathing circuit 10 via connector 28.

[0053] The sealing member 40 includes an opening that is
co-extensive with the internal bore of the tubular passageway
38. The sealing member 40 is formed so that it is a snug fit
over the laryngeal inlet of a patient in use, in the manner of a
deformable mask member. In other embodiments, an inflat-
able sealing/mask member may be provided. The tubular
passageway 38 and its internal bore have a generally constant
cross-sections along their length, but these cross-sections
increase adjacent to the sealing member, such that the open-
ing in the sealing member 40 is enlarged relative to the inter-
nal bore of the majority of the tubular passageway.

[0054] Inuse,the sealing member 40 is positioned over the
laryngeal framework of a patient such that sealing contact is
made between the outer surface of the sealing member 40 and
the entrance to the trachea.

[0055] As can be seen in FIG. 3, there is provided a tem-
perature sensor 44 as part of the component 36. In this
embodiment, the temperature sensor 44 takes the form of a
thermistor, typically a conventional bead-type thermistor.
The sensor 44 is provided within the body material of the
patient interface adjacent an outer surface of the interface
which is intended to contact an internal surface of the patient
in use. In this embodiment, the sensor 44 is mounted within
the material of the sealing member, although in other embodi-
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ments, the sensor may be mounted at alternative locations
within the wall structure of the device. In particular the sensor
may be mounted in a tip region of the device. In use, the
sensor 44 is located immediately beneath the surface of the
device and held adjacent, in thermal contact with, tissues in
the vicinity of the junction between the esophagus and tra-
chea.

[0056] Two wires 46 depend from the sensor 44 and pass
along the wall to the connector 42 end of the device 36. An
electrical connector (not shown), typically in the form of a
two-pin electrical connector is provided to allow electrical
connection with a corresponding connector formation
depending from the Y-piece connector 28. The wires 46 are
embedded or encapsulated within the wall material of the
device.

[0057] Also shown is FIG. 3 is a further sensor 48 which
may be provided instead of or else in addition to the sensor 44.
The further sensor 48 may be arranged to measure one or
more characteristics of the flow along the internal bore of the
device 36. Thus the sensor 48 is mounted at an internal sur-
face defining the flow passageway along the device, rather
than against an outer surface of the device as is the case for
sensor 44. The sensor 48 may be a conventional temperature
sensor for measure fluid temperature flowing there-over or
else a flow rate sensor, the purpose of which will be described
in further detail below. The sensor 48 is provided towards the
end (i.e. the connector end) of the device which opposes the
sealing member 40. That end of the device is typically spaced
from the internal surfaces of the patient’s body in use and thus
allows recording of fluid flow characteristics substantially in
isolation of the patient’s body temperature. However the sen-
sor, or a further sensor, could equally be provided part-way or
mid-way along the tube 38 as shown at 48A.

[0058] During manufacture, the, or each sensor, including
any associated wires, is held within a mould in which the
device 36 is formed. The mould may have two cavity portions
for defining each of the passageway 38 and seal 40 portions of
the device 36. The sensor is typically held adjacent or frac-
tionally spaced from the relevant mould cavity wall. The
tubular passageway 38 is then formed in the first cavity por-
tion by injection moulding. The sealing member 40 is then
formed by a second, subsequent injection moulding step onto
the tubular passageway 38, as part of a so-called two-shot
injection moulding process. Depending on the location of the
sensor(s) in the component 36, the sensor may be held in the
first of second mould cavity portion as necessary. However it
is generally preferred that the sensor is mounted in a thicker
material portion of the component, such as within the sealing
member or else in the vicinity of the connector end so as to
easily accommodate the sensor within the wall of the device.
[0059] FIG. 4 shows a second embodiment of an artificial
airway according to the present invention, which is generally
designated 50. This embodiment of patient interface takes the
form of an endrotracheal tube. The artificial airway 50
includes at least one sensor 52 mounted/embedded therein in
a manner which is similar to the device described in relation
to FIG. 3 and may be formed for example by an injection
moulding process. However, in line with the intended use of
an endrotracheal tube, a different form of the sealing member
54 and its attachment to the tubular passageway 56 is pro-
vided. In this embodiment, the sealing member 54 is gener-
ally annular in section and takes the form of a sealing cuff
around the tube 56. As will be appreciated by the skilled
person, the sealing member 54 is intended to contact, and
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thereby seal with, the internal wall of a patient’s airway in
use, albeit at a different location to that of the laryngeal mask
of FIGS. 2 and 3. Accordingly the sensor location(s) and
connection with the connector formation 57 may be as
described above.

[0060] Turning now to FIG. 5, there is shown another type
of patient interface in the form of a tracheostomy tube
arrangement 58 in accordance with the present invention. The
tracheostomy tube 58 comprises a fluid conduit 60 which is
arcuate in form, having a generally tubular internal passage-
way. The tubular passageway includes a connector 62 at one
end that is adapted to connect the tracheostomy tube to the
breathing circuit. The tracheostomy tube also includes a
flange 64, which is disposed adjacent to the connector 62. The
flange includes an opening at each end for engagement witha
strap (not shown in the Figures), which secures the tracheo-
stomy tube 10 to the patient.

[0061] At the other end of the tubular passageway 60, is a
sealing member 66 which surrounds a portion of the tubular
passageway. The sealing member has a circular cross-section,
and an external surface that is generally convex in form along
its longitudinal axis. The sealing member 66 has a tempera-
ture sensor 68 mounted towards its outer surface in a manner
as described above. The skilled person will appreciate that,
other than its shape and appearance, the patient interface 58
may be formed in a manner as described above using similar
materials and manufacturing techniques, such that the patient
interface 58 may also comprise any of the different sensor
arrangements described in relation to FIGS. 3 and 4.

[0062] Any of the temperature sensors 44, 52 or 68
described above can be located in use against an internal
bodily surface of a patient such that those sensors can operate
to measure the patient’s core body temperature. Additionally
or alternatively, the one or more sensors 48 mounted at an
interior surface of the patient interface can measure gas tem-
perature or flow rate of the fluid flow to/from the patient’s
lungs in-situ. The proximity of the point of measurement of
such fluid flow characteristics to the patient’s lungs provides
can provide greater accuracy and certainty than has been
hitherto possible. Also the mode of manufacture described
above provides for a cost-effective and unobtrusive sensor
configuration.

[0063] Turning now to FIGS. 1 and 6, there is shown a
humidification device 24 for use in accordance with the
improved respiratory system. The humidifier 24 comprises an
assembly of a disposable reservoir, or water chamber, 70 and
a base unit 72 on which the reservoir 70 is positioned in use.
The reservoir comprises an enclosure having a generally hol-
low interior, which is part-filled with water in use, and an inlet
74 and outlet 76 port above the level of the water to allow the
flow of air into and from the reservoir 70 such that the air
passes over the surface of the water therein. Various other
additional features of the reservoir will be known to the
skilled person in this field and will not be described here for
conciseress.

[0064] The base unit 72 has a controller 78 and a heater
element 80 as shown in FIG. 1. The controller comprises a
programmable chip having machine readable instructions for
the processing of received data and the outputting control
signals in a manner to be described below. The controller is
principally used to control the operation of the heater and
thereby control the rate of heating and temperature of the
water reservoir 70. The reservoir 70 typically has a metallic
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base wall component for contact with an upper heater surface
of the base unit 72 to allow effective heat transfer there-
between.

[0065] The base unit 72 comprises two separate electrical
connectors 82 and 84 for respective connection to a power
supply and the patient interface 16. The connectors are shown
as a two-pin and three-pin connector respectively but could
comprise any, or any combination, of two and three-pin con-
nectors to suit the desired system. The connection with the
patient interface in this embodiment is achieved by a wired
connection to the connector 26 in tube 22 and thereby to the
patient interface connector via the Y-piece 28. Whilst such an
arrangement is in many ways preferred, in alternative
embodiments a direct wired connection could potentially be
provided from the base to the interface connector which
bypasses the intermediate members.

[0066] A wired connection allows the supply of power from
the base unit to the patient interface. The wired connection
also allows transmission of sensor readings in the form of data
signals to the controller 78.

[0067] In alternative embodiments, it will be appreciated
that the sensor data could be sent to the controller via a
wireless data connection, for example using a suitable stan-
dard for data transfer over a radio signal. Fither Bluetooth
(RTM) or Wi-Fi (RTM) may be suitable for this purpose and
the additional electronic components could be embedded in
the moulded patient interface component in a manner
described above. Accordingly a transmitter and battery could
be provided at a suitable location in the patient interface or
else in another intermediate connector within the system,
such as within the Y-piece connector 28 for connection to the
patient interface sensor(s). In either the wired or wireless
embodiments, the controller circuitry will typically comprise
a receiver for the relevant data signals.

[0068] As afurther example of the invention, a temperature
sensor could be provided to measure the patient’s body tem-
perature at a location remote from the patient interface. For
example an in-ear temperature sensor or skin pad/patch sen-
sor could be attached to the patient interface connector by a
flexible wired connection. In ear and/or skin temperature
sensors are considered generally preferable in this regard
since they can be located close to the patient interface in use
and thus require only short electrical leads to the patient
interface. However if a wireless temperature sensor is used,
then a wide variety of sensor locations on the patient’s body
could be accommodated.

[0069] Also showninFIG. 6 is a display 86 on the base unit
72, which may be used to display information on the current
operational state to an operator. The display may have mul-
tiple functions and may display any or any combination of, for
example: the temperature of the water reservoir; the tempera-
ture of the respiratory flow at the patient interface; the core
body temperature of the patient; a temperature differential
between the water reservoir and the patient; a flow rate at the
patient interface. The base unit may be configured to provide
a visual and/or audible alarm if any of those parameters are
determined to fall outside of an acceptable operating range.

[0070] Itwill be appreciated that the system may comprise
additional flow and/or temperature sensors, such as for
example at, or shortly downstream of; the outlet 76 of the
humidifier. Also in some embodiments, it will be appreciated
that a temperature and/or flow sensor could be provided
immediately upstream of the patient interface, for example
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within the tube 22 connector or else in the Y-piece connector
28, rather than being embedded in the patient interface itself.
[0071] Turning now to FIG. 7 there is shown a flow diagram
of the operational steps undertaken in order to facilitate
active, responsive control of the humidifier 24. At 100 the
controller enters a start-up mode, where the controller will
typically check the relevant sensor connections and initiate
heating of the water reservoir in a predetermined or fixed
manner.

[0072] During operation of the system 10, the one or more
sensors described above take readings of the corresponding
operational variables at a suitable frequency and resulting
data signals are transmitted to the controller 78. Signals are
typically transmitted intermittently at predetermined time
intervals. Alternatively, the controller could actively initiate
signal transmission in a two-way communication embodi-
ment.

[0073] At 102 the controller receives the sensor data signal.
In this embodiment, with reference to the patient interface of
FIG. 3, the controller receives at least the reading from the
core body temperature sensor 44. The controller compares the
received signal with previously stored data at 104 to deter-
mine whether there has been any change in the sensed param-
eter. In this regard, the controller typically has a predeter-
mined initial value which corresponds to a normal body
temperature of approximately 37° C., which is updated as
sensor readings are received in use.

[0074] The controller also has an initial desired operating
condition which it aims to achieve. The desired operating
condition in this embodiment relates to a desired gas delivery
temperature at the patient interface, which is determined by
sensor 48. The reading from this sensor is used by the con-
troller to determine whether the desired operating condition
or set point has been achieved.

[0075] In the event that no change is detected at 104, the
current heater operation state or mode is maintained at 106.
Conversely if a change in the sensor reading is detected,
which in this embodiment corresponds to a change in patient
core body temperature, the controller determines a new
desired set point at 108. This new set point corresponds to a
desired inspiratory gas delivery temperature at the patient
interface. The controller then adjusts the operation of the
heater at 110, typically by modifying the supply of electrical
power to the heating element 80, in order to achieve this
desired set point.

[0076] The controller may wait a short time to allow the
change in heater setting to take effect before processing a data
signal from the second sensor 48 in order to compare that
reading with the current set point so as to determine whether
the gas supply has achieved the desired set point at the patient
interface. The desired set point may equal the body tempera-
ture sensed by the sensor 44 such that the gas supply inspired
by the patient matches their body temperature. If the desired
gas delivery condition is not achieved, the controller returns
to step 110 and applies a further heater control adjustment
before repeating the steps to determine whether the set point
has been achieved. This loop is repeated as often as required
to achieve the desired level of operation.

[0077] If the desired gas delivery condition is achieved at
112, the controller may then return to step 102 so as to operate
a loop in which the above steps are repeated in suitable time
increments.

[0078] Accordingly the delivery of respiratory gas is
actively controlled based on body temperature. The controller
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may be programmed to respond only to differences in sensor
readings above a predetermined magnitude. Thus the control-
ler need not constantly update the operation of the humidifier
in response to minor fluctuations in operating conditions as
may be typical in normal use. The controller may comprise a
timer such that the controller can determine a rate of change
of sensor readings and control operation of the humidifier
accordingly.
[0079] Inasimplified embodiment, the further sensor 48 in
the patient interface may not be provided and instead the
controller can control the heater to heat the water reservoir to
achieve a desired outlet temperature at port 76. The controller
in this embodiment can apply a predetermined temperature
loss factor to approximate the delivery temperature of the
inspiratory gas at the patient interface without measuring it
directly. Such an embodiment may provide a simplified sys-
tem, albeit at the expense of possible reduction in responsive-
ness or accuracy.
[0080] 1In a further alternative configuration, the core body
temperature sensor may not be provided and instead, only the
gas flow condition sensor may be provided in the patient
interface. In such an embodiment, the controller could receive
flow temperature readings at a frequency that is greater than
or equal to the respiratory rate of the patient in order to
determine a temperature differential between inspiration and
expiration. Thus the controller could control operation of the
heater in response to sensor readings in order to achieve a
condition where the inspiratory temperature substantially
matches the expiratory temperature. Such an embodiment
may require a greater temperature reading resolution and
frequency than the embodiments which rely on two or more
sensors in combination.
[0081] Inanyofthe above embodiments, it may be possible
to substitute different types of sensors in the gas path such
that, for example, a flow rate sensor may be used to provide a
further indicator of correct functioning of the system. Addi-
tionally or alternatively, a humidity sensor could be located in
the gas path to provide direct humidity measurements, which
can be calibrated to provide suitable set points for given body
temperatures.
[0082] Inview ofthe above described embodiments, it will
be appreciated that a considerable advantage in control and
responsiveness of the system can be achieved by locating one
or more suitable sensor(s) at the patient interface.
[0083] As a further development, in the event that a heated
tube 22 is used, it is proposed that the controller 78 may
additionally or alternatively control the supply of power to the
heating wire for the tube in the manner described above so as
to ensure thata desired delivery temperature of the respiratory
gas is achieved on the inspiratory limb.
1. A respiratory gas delivery system comprising:
a wearer interface through which respiratory gas is sup-
plied to a wearer’s airway; and
a gas conditioning device for conditioning the respiratory
gas upstream of the interface in a direction of gas flow to
the wearer, the gas conditioning device comprising a
controller,
wherein the interface comprises a sensor for measuring an
operating variable in use such that the controller controls
the operation of the conditioning device based on said
sensor measurement.
2. A system according to claim 1, wherein the wearer
interface comprises an artificial airway device and the sensor
is mounted at a wall of the wearer interface.
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3. A system according to claim 1, wherein the interface
comprises a moulded material and the sensor is embedded
within said moulded material.

4. A system according to claim 1 wherein the wearer inter-
face comprises a core body temperature sensor for the wearer
and/or a respiratory gas flow sensor.

5. A system according to claim 4, wherein the temperature
sensor is mounted in a portion of said wearer interface that is
inserted into a wearer’s airway in use.

6. A system according to claim 4, wherein the wearer
interface comprises an endrotracheal tube having a compliant
sealing member for sealing with the trachea of the wearer in
use, wherein the temperature sensor is located in the sealing
member.

7. A system according to claim 4, wherein the wearer
interface comprises a supraglottic airway or an endrotracheal
tube.

8. A system according to claim 1, wherein the gas condi-
tioning device is provided within a patient circuit in the flow
path between a ventilator and the patient interface.

9. A system according to claim 1, wherein the gas condi-
tioning device comprises a heater for maintaining a desired
level of temperature and/or humidity of the gas flow to the
wearer.

10. A system according to claim 1, wherein the gas condi-
tioning device comprises a humidifier having a water reser-
voir and a heater arranged for the transfer of heat energy to the
reservoir.

11. A system according to claim 10, wherein the heater and
controller are housed in a base unit of the humidifier, the base
unit further comprising an electrical connector for electrical
connection with the patient interface.

12. A system according to claim 1 comprising an interme-
diate conduit for the delivery of respiratory gas from the gas
conditioning device to the wearer interface, the conduit com-
prising an electrical connector at each end thereof and a
conducting member connected there-between so as to allow
an electrical connection between the conditioning device and
the wearer interface.

13. A system according to claim 1, wherein the interface
comprises a first end for insertion into a wearer’s trachea in
use and an opposing end, the interface comprising an electri-
cal connector in the vicinity of said opposing end and one or
more wires extending between the sensor and the connector.

14. A system according to claim 1 wherein the sensor has a
corresponding data transmitter arranged to transmit sensor
readings data to the controller.

15. A system according to claim 14, wherein the data
transmitter comprises a wireless data transmitter.

16. A system according to claim 1, wherein the sensor
comprises a first sensor and the system also comprises one or
more further sensors arranged to sense a characteristic of the
respiratory gas flow to or from the wearer or else the body
temperature of the wearer.

17. A system according to claim 16, wherein the further
sensor comprises a gas temperature sensor.

18. A system according to claim 16, wherein the further
sensor is mounted in the wearer interface or atan inlet thereto.

19. A system according to claim 1 wherein the controller is
arranged to compare the received sensor measurement to a
preceding sensor measurement or a predetermined value and
to control the operation of the gas conditioning device auto-
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matically upon determination of a difference between the
received sensor measurement and said preceding measure-
ment or predetermined value.

20. A system according to claim 1, wherein the controller
sets a desired operational variable value based on said
received sensor measurement.

21. A system according to claim 20, wherein the sensor
comprises a first sensor and the system also comprises one or
more further sensor arranged to sense a characteristic of the
respiratory gas flow to or from the wearer or else the body
temperature of the wearer, and wherein the controller deter-
mines whether the set point has been reached based on read-
ings from said one or more further sensors.

22. A wearer interface for a respiratory gas delivery sys-
tem, the wearer interface comprising a temperature sensor
mounted in a wall thereof and data transmission means for
transmitting sensor reading data to a controller of a remote
flow conditioning device within the gas delivery system.

23. A respiratory gas humidifier for use in a respiratory gas
delivery system, the humidifier comprising a heater for trans-
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ferring heat energy to a water reservoir, and a controller
arranged to receive data signals from patient body tempera-
ture sensor located remotely of the humidifier, the controller
being arranged to control operation of the heater based upon
said received data signals in order to achieve a desired tem-
perature and/or humidification of the respiratory gas supplied
to a patient via the gas delivery system, said desired tempera-
ture and/or humidification being set according to said patient
body temperature.

24. A humidifier according to claim 23, wherein the con-
troller is arranged to receive one or more further sensor data
signals and to compare said further data signal with said
desired temperature in order to determine whether said
desired temperature has been achieved.

25. A respiratory gas delivery system comprising a humidi-
fier according to claim 23 and a patient body temperature
sensor arranged for the communication of data pertaining to
patient body temperature readings to said controller.

26. (canceled)
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