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Description
BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION

[0001] The presentinvention relates to a breathing as-
sistance apparatus and a method implemented by a
breathing assistance apparatus (breathing gases supply
apparatus) for remotely controlling electronic apparatus
such as home appliances or electronics. The breathing
apparatus could be, for example, a PAP apparatus.

DESCRIPTION OF THE RELATED ART

[0002] Respiratory disorders affect the ability of a suf-
ferer to breathe. One treatment of respiratory disorder
involves delivering pressurised breathing gases to a per-
son experiencing the disorder. Acommon respiratory dis-
order is an apnea. Apneas are caused by the collapse
of the muscles supporting a person’s airways during
sleep, resulting in a partial or complete blockage of the
breathing passages. This is commonly known as Ob-
structive Sleep Apnea (OSA). Other events such as hy-
popneas and restricted breathing (flow limitations) also
fall into the broad category of sleep disorder breathing
(SDB) events. A hypopnea involves episodes of overly
shallow breathing or an abnormally low respiratory rate.
Restricted breathing is caused by a restriction in the per-
son’s airway most commonly caused by the person'’s air-
way partially closing. These events (that is, SDB events)
also occur during sleep and cause a person to wake mid
sleep, and can limit the amount of sleep a person can get.
[0003] SDB events are commonly treated using Posi-
tive Airway Pressure (PAP) therapy. PAP involves deliv-
ering breathing gases at a pre-determined pressure
above atmospheric to the patient. The raised pressure
breathing gases force the user’s airways open to main-
tain a substantially unrestricted breathing passage. The
predetermined pressure at which treatment is delivered
is generally determined by clinical trials prior to regular
treatment. In particular Continuous Positive Airway Pres-
sure (CPAP) therapy is used to treat SDB events. In basic
CPAP therapy the pressure is constantly maintained at
a predetermined pressure. There are other PAP thera-
pies like Bi level PAP and auto CPAP in which there is a
high positive pressure at inspiration and a lower pressure
at expiration is delivered to maintain open airways.
[0004] PAP therapy is delivered to a patient by a treat-
ment system for delivering breathing gases to the patient.
The system typically includes a flow generator for gen-
erating a flow of gases, a conduit to transport the breath-
ing gases generated by the flow generator, and a patient
interface to deliver the gases to the patient. The system
may include a humidifier to humidify the breathing gases
prior to delivering the gases to a user.

[0005] PAP treatment systems are generally used in
the home by a user. PAP treatment systems are used by
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a person or patient during sleep to prevent SDB events
such as OSA and sometimes provide inspiratory assist-
ance, asis the case for bi-level PAP. However PAP treat-
ment systems are also utilised by a person when the
person is awake and preparing for sleep. The treatment
system continues to operate after the person has fallen
asleep.

[0006] US2005/235993 discloses a respiratory appa-
ratus, in particular a CPAP-apparatus, and includes an
illumination device and a controller for the illumination
device. The controller has a sensor which detects im-
pacts or sound and is configured to switch on the illumi-
nation device. The illumination device illuminates a dis-
play of the respiratory apparatus.

SUMMARY OF THE INVENTION

[0007] Quite often the user or person is watching TV
or listening to the radio or has other appliances or elec-
trical apparatuses operating while the useris usinga PAP
treatment system. As the user falls asleep these appli-
ances may remain switched on without the user realising.
For example, the user may be watching TV, utilising the
PAP treatment system and falls asleep and the TV con-
tinues torun throughoutthe night causing excessive pow-
er use. Another example is the user may be in bed or on
the couch using the PAP treatment system and falls
asleep while the lights remain on throughout the night.
This is again disadvantageous because it causes higher
power consumption.

[0008] Itis an object of the present invention to control
an electronic apparatus using a breathing gases supply
apparatus or at least provide the public with a useful
choice.

The terms "sleep" and "asleep"” as used in this specifica-
tion are intended to encompass a) the onset of sleep, b)
an actual sleep state where the patient is asleep (such
as the REM sleep and the non-REM sleep state), or c) a
change in sleep state, for example from non-REM sleep
to REM sleep or any other such sleep state change. A
change in sleep state can also be considered the onset
of sleep, going from a non-sleep state to a sleep state.
[0009] According to one aspect of the present inven-
tion, there is provided a breathing gases supply appara-
tus as defined in claim 1 hereinafter.

[0010] The term "comprising" is used in the specifica-
tion and claims, means "consisting at least in part of.
When interpreting a statement in this specification and
claims that includes "comprising", features other than
that or those prefaced by the term may also be present.
Related terms such as "comprise" and "comprises" are
to be interpreted in the same manner.

[0011] In this specification where reference has been
made to patent specifications, other external documents,
or other sources of information, this is generally for the
purpose of providing a context for discussing the features
of the invention. Unless specifically stated otherwise, ref-
erence to such externaldocuments is not to be construed
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as an admission that such documents, or such sources
of information, in any jurisdiction, are prior art, or form
part of the common general knowledge in the art.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012]

Figure 1 is a block diagram illustrating a gas supply
device for implementing or performing the present
invention.

Figure 2 is a block diagram of the control system that
is part of the gas supply device that implements or
performs the presentinvention, the figure also show-
ing the interaction of the control system and elec-
tronic apparatuses such as appliances.

Figure 3 is a flow diagram illustrating a control meth-
od not according to the present invention which can
be implemented by the controller of a gas supply
device or system.

Figure 4 is a block diagram of the control system that
is part of the gas supply device that implements or
performs the presentinvention, the figure also show-
ing the interaction of the control system and elec-
tronic apparatuses such as appliances and alarm
devices.

Figure 5is a flow diagram illustrating a control meth-
od for an alarm device not according to the present
invention which can be implemented by the controller
of a gas supply device or system.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT

Overview

[0013] The present invention provides an apparatus
for controlling an electronic apparatus such as a home
appliance, using a PAP apparatus or other breathing as-
sistance apparatus (breathing gases supply apparatus).
The present invention also relates to a PAP apparatus
that can control an electronic apparatus. The occurrence
of an SDB event or other event or pattern of breathing
indicative of sleep determined by the PAP apparatus can
serve as an indicator that the person is asleep, and can
be used as a trigger to control an electronic apparatus.
As noted earlier, the terms "asleep" and "sleep" should
be interpreted broadly and can cover various sleep states
comprising the onset of sleep, actual sleep and also a
change in sleep state. So the SDB or other event or pat-
tern of breathing indicative of sleep can serve as an in-
dicator of actual sleep, and/or onset of sleep or change
in sleep state. Any of these types of sleep, once detected
can be used to trigger to control an electronic apparatus.
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[0014] An electronic apparatus can be interpreted gen-
erally to cover any type of electrical or electronic equip-
ment such as home appliances and/or other electri-
cal/electronic devices.For example, an electronic appa-
ratus could be one or more of a:

television,

radio

light,

heater,

air conditioner,

heat pump,

media player,

alarm device (such as an alarm clock).

[0015] Inone embodiment, a PAP apparatus is config-
ured to measure data or parameters indicative of a pa-
tient’s breathing (such as breath flow data/parameters or
pressure data/parameters), determine the occurrence of
an SDB event in a controller/control system, from that
determine sleep in the person (e.g. if the person is actu-
ally asleep, has reached onset of sleep or has changed
sleep state), and control one or more electronic appara-
tus based on the determination.

[0016] Common breathing patterns indicative of sleep
are SDB events, which comprise apneas, hypopneas and
flow restrictions in the airways. Other breathing patterns
detected or determined can be a lower tidal volume, a
lower breath rate, lack of variability or a change in pulse
rate. Any one or more or a combination of one or more
changes listed above can be detected or determined by
the system. Such changes in the breathing result in a
breathing pattern indicative of sleep. Breathing charac-
teristics that may be indicative of sleep, and are detected
or determined by the controller are tidal volumes breath-
ing rates, pulse rates and variability in breathing. Any one
or more of these or a combination of these can be indic-
ative of sleep.

[0017] Ingeneral, the PAP apparatus can from the flow
or pressure data/parameters determine any patterns that
indicate sleep, and from that trigger control of an elec-
tronic apparatus.

Breathing Apparatus

[0018] Figure 1is ablock diagram illustrating one em-
bodiment of a breathing gases supply system/apparatus
1 incorporating the present invention. The full system
comprises a PAP apparatus 100 for delivering a supply
of breathing gases, a breathing circuit 101 and a patient
interface 102.

[0019] The supply conduit 101 extends from an outlet
in the PAP apparatus 100 and to the patient interface
102. The patient interface may be any suitable sealing
patient interface such as a full face mask, nasal mask,
nasal pillows, oro-nasal mask, oral mask, oral interface,
nasal seal, nasal cannula or the like.

[0020] The PAP apparatus 100 comprises a blower.
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The blower preferably comprises a fan 103 driven by an
electric motor 105. Air is drawn into the PAP apparatus
100 through the inlet 104 by the fan 103. Pressurised air
leaves the fan 103 for supply to the patient. Alternatively,
controllable flow generators may draw on a source of
high pressure gas, and regulate a flow of gas from the
high pressure source.

[0021] The PAP apparatus 100 preferably comprises
a humidifier 115, as shown in the embodiment of figure
1. In alternative embodiments, the humidifier 115 may
be separate from the PAP apparatus and part of the
breathing gases supply system 1 or alternatively there
may be no humidifier 115 present. The humidifier 115 as
shown in figure 1 is a pass over type humidifier where
air passing through the humidifier picks up a quantity of
water vapour from a reservoir of water 107. The water
reservoir 107 may be heated by a heater 108. The hu-
midifier 115 is preferably integrated into the housing of
the PAP apparatus 100. Alternatively the humidifier 115
may be a separate component within the housing of the
PAP apparatus or separate from the PAP apparatus 100
with a conduit connecting between the PAP apparatus
100 and the humidifier 115. Other types of humidifiers,
other than a pass over type may be used. In some forms
multiple humidifiers may used in the breathing gases sup-
ply system 1.

[0022] The heater 108 and the motor 105 are supplied
by a power supply (PS) 106. The amount of power sup-
plied to the motor determines the speed the fan 103 turns
at. The amount of power supplied to the heater 108 de-
termines the amount of water vapour produced by the
humidifier 115 and hence is one way of controlling the
amount of humidification of the breathing gases supplied
by the PAP apparatus100. The amount of power supplied
by the power supply 106 is controlled by the outputs of
a controller.

[0023] The PAP apparatus comprises at least a first
controller 109. The first controller 109 is used to control
the blower and breathing circuit. The controller 109 may
also be configured to control other components as de-
scribed later. The controller 109 is supplied by power
from the power supply 106. The controller receives inputs
from a user interface (Ul) 113. The user interface could
be in the form of any suitable user interface such as a
knob, a plurality of buttons, a screen or any combination
thereof. The user interface 113 allows the PAP apparatus
100 to display information to the user and also allows a
user to input information to the PAP apparatus, more
particularly to the controller 109. The controller 109 may
also be provided with an interface 114 for connecting to
an external data source. The external data source may
for example, be a communication interface such as a
modem, or may be an interface to an external memory
such as a smart card, USB, flash drive, disk drive or the
like. The interface is capable of connection with a mobile
storage device. For generic use, the interface 114 may
be a data communications portaccording to any available
standards for example a universal serial bus (USB) port.
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The interface 114 may alternatively or additionally be ca-
pable of wireless communications using any suitable
technology such as RF (e.g. BluetoothTM), infrared or
sonic communications technology. The interface 114
may also be capable for connecting to a wide range of
peripheral devices.

[0024] The controller 109 typically comprises an em-
bedded microcomputer with stored control programs for
controlling and operation of various aspects of the PAP
apparatus 100. Alternatively, the controller 109 may be
removable from the PAP apparatus 100. In a further al-
ternative form the controller 109 can be remote to the
PAP apparatus 100. The controller 109 and the compo-
nents of the PAP apparatus 100 and the components of
the breathing gases supply apparatus 1 can be config-
ured to communicate by wired or wireless methods.
The controller 109 preferably comprises inputs for receiv-
ing inputs from one or more sensors, which preferably
comprise aflow sensor 110, a pressure sensor 111 down-
stream to the fan and a flow sensor 112 that is placed
close to or on the patient interface to determine the flow
or velocity of gases supplied to the patient or user. The
flow sensor 110 may be positioned upstream or down-
stream to the fan 103. The sensors shown in figure 1 are
one configuration of sensors that can be used in the
breathing gases supply system 1. Any other configuration
of sensors and any other types of sensors may be used.
There may be fewer or more sensors than those shown
in figure 1. There may be a variety of other sensors that
measure other data such as humidity sensors, mass flow
sensors, temperature sensors, EEG sensors and the like.
In a preferred embodiment, as illustrated in figure 1, the
breathing gases supply system 1 comprises a flow sen-
sor 110, a pressure sensor 111 in the PAP apparatus
100 and a flow sensor 112 adjacent the patient interface
102. The information/data measured by the sensors, that
is flow and pressure, can be referred to as breathing in-
formation/data because it relates to the breathing of the
patient. The two common parameters measured are
pressure and flow of gases breathed or supplied to the
patient or user.

[0025] While the controller 109 might comprise a mi-
croprocessor implementing the control programs, it could
alternatively comprise a programmed logic circuit (such
as an FPGA) implementing the control programmed, or
any other suitable implementation. Electronic circuits and
logic circuits implementing the control programme may
be readily devised by persons skilled in the art. The con-
trol program/controller functionality will be described later
in detail with respect to figure 3.

[0026] The PAP apparatus has a control system 200
configured for operating electronic apparatus 203 upon
determining sleep (that is, actual sleep, onset of sleep or
change in sleep state). The control system 200 can com-
prise a controller and other components of the PAP ap-
paratus already described in relation to Figure 1. Figure
2 shows a block diagram of the control system 200 of the
PAP apparatus 100 in further detail showing how it is
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configured to operate electronic apparatus 203 upon de-
termining sleep in a patient.

The control system 200 comprises at least one sensor
to detect/measure breathing parameters (these being
sensor(s) that might already form part of the PAP appa-
ratus), a controller for determining sleep, and a transmit-
ter 201 operated by the control to communicate with an
electronic apparatus such as a home appliance to control
it upon sleep. The control system 200 preferably forms
part of the breathing gases supply system 1. Preferably
the control system 200 is part of the PAP apparatus 100.
Alternatively only some components of the control sys-
tem 200 are housed within the PAP apparatus 100 or
formed integrally within the PAP apparatus 100. Some
or all of the other components of the control system 200
can be positioned outside the PAP apparatus 100.
[0027] In one embodiment, as per figure 2, the control
system 200 comprises the sensors 110, 111, 112, and
the controller 109 mentioned previously. Thatis, the con-
troller 109 and sensors 110, 111 and 112 that are used
for the normal operation of the PAP apparatus also form
part of the control system 200 for operating electronic
apparatus upon determining sleep. In such an embodi-
ment, the controller 109 receives data indicative of pa-
tient breathing from the sensors 110, 111, 112 or any
other sensors and is programmed to process the data
received from the sensors. The controller 109 processes
the data to determine sleep in a patient based on the
occurrence of SDB events detected from the received
data. In particular, itis programmed to detect SDB events
from the received data, and from one or more of those
detected SDB events, determine patient sleep.

[0028] Inthis context SDB events comprise but are not
limited to apneas, hypopneas, and flow limitations. The
controller 109 can determine sleep by the detection of a
single SDB event based on the presumption that SDB
events only occur during sleeping. Alternatively, the
sleep can be determined from a combination of quanti-
tative and/or qualitative analysis of one or more detected
SDB events. For example, sleep can be determined
based on the:

number of SDB events,
duration of SDB events,
spread of SDB events, and/or
types of SDB events.

[0029] Alternatively, sleep can be determined by de-
termining another breathing pattern indicative of sleep.
Other sleep indicative breathing patterns are determined
by measuring characteristics/parameters of breathing
flow or pressure. These sleep indicative breathing pat-
terns can be determined by, for example, measuring and
processing a change in tidal volume, a reduced tidal vol-
ume, a reduced breathing rate, lack of variability in
breathing or a change in the pulse rate. It should be re-
alised breathing patterns indicative of sleep can be de-
termined by measuring any other suitable characteris-
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tic/parameter of breathing flow or pressure besides the
ones listed above.

[0030] The controller 109 can be pre-programmed dur-
ing manufacture of the controller, or manufacture of the
PAP apparatus 100. Alternatively the controller 109 may
be programmed at a later point, by a suitable person.
The program can be loaded onto the controller 109 by
any suitable device or method. For example program is
loaded onto the controller 109 by a mobile storage device
that can be connected to the controller 109 via the inter-
face 114. The mobile storage device may be a smart
card, a micro-chip, a flash drive, a portable hard drive or
any other such suitable device.

[0031] The controller 109 can be programmed with any
suitable method to determine sleep and/or detect the oc-
currence of SDB events or other breathing pattern indic-
ative of sleep from the sensor data. Preferably the con-
troller 109 utilises a method that can process a variety
of different input types to determine the occurrence of
SDB events or other breathing pattern indicative of sleep
based on the data measured by the sensors, e.g. 110,
111, and 112).

[0032] One such suitable method of determining the
occurrence of an SDB event, like an apnea, hypopnoea
or a flow limitation is described in US patent application
11/198,072. US patent application 11/198,072 describes
a system that determines events by analysing the flow
signal provided by a flow sensor. The system determines
an apnea based on a period where the flow signal indi-
cates a lack of patient breathing. The system determines
a hypopnea based on a period of reduced breathing vol-
ume. The system determines obstructed breathing (flow
limitation) on an analysis of the discrete energy spectrum
of the flow signal of patient breaths. The controller 109
can implement the method or methods of determining
various SDB events such as apneas, hypopneas or flow
limitations, as described in US patent application 11/198,
072. Other suitable alternative methods of determining
the occurrence of SDB events, such apneas, hypopneas
and flow limitations can also be implemented. In alterna-
tive methods SDB events may be determined based on
the changes in the pressure signal from the pressure
sensor, or SDB events may be determined based on sig-
nals from any other suitable sensor. The controller 109
may implement any one method or any combination of
any methods described earlier.

[0033] Alternatively, or as well as detecting SDB
events, the PAP is arranged to determine other sleep
indicative breathing patterns are determined by measur-
ing characteristics/parameters of breathing flow or pres-
sure. US patent 6,988,994 describes methods for using
breathing patterns to determine a patient’s state, includ-
ing their sleep state. This patent describes determining
a regular breathing state, an SDB state and REM sleep
state and a trouble wakefulness state. For example, a
change from erratic to rhythmic breathing or vice versa
might indicate or detection of just one of those states
could be a breathing pattern indicative of sleep. Any of
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these breathing patterns or the states could be used to
infer sleep in a patient for use in triggering control of an
electronic apparatus.

[0034] The controller 109 determines the SDB event
or other breathing pattern indicative of sleep for as part
of its normal operation as part of the normal operation of
the PAP apparatus. The breathing pattern(s) indicative
of sleep are preferably also used for triggering control of
other operations of the PAP apparatus during its normal
used, such as for altering pressure and flow rates.
[0035] The controller 109 can also be programmed
with sleep indicative breathing patterns (such as breath-
ing pattern characteristics indicative of sleep.) The con-
troller 109 determines breathing patterns and measures
characteristics like tidal volume, variability of breathing,
breath rate, pulse rate and any other suitable pattern or
characteristic from the sensor data fed to the controller.
The controller 109 compares the measured breathing
pattern or breathing characteristics with the pre-pro-
grammed breathing patterns and determines ifthe meas-
ured breathing pattern is indicative of sleep. If the meas-
ured breathing pattern or breathing characteristicis iden-
tical or substantially similar to the stored sleep indicative
breathing, the controller 109 determines if sleep has oc-
curred in a patient.

[0036] In a further example the controller 109 may
store particular breathing characteristics indicative of
sleep. Examples may be a set tidal volume, a set breath-
ing rate, a set pulse rate, a set variability or any other
suitable characteristic. The controller 109 can determine
breathing characteristics from the data measured by the
sensors. Once the breathing characteristics have been
measured the controller 109 can check the determined
breathing characteristic with the stored characteristic in-
dicative of sleep. If the determined breathing character-
istic is similar to the stored characteristic the controller
109 resolves the patient is sleeping.

[0037] The controller 109 determines the sleep based
on the SDB events, or other breathing pattern of the pa-
tient indicative of sleep, or the breathing characteristics
or a combination of any two or all of these parameters.
The controller 109 preferably uses a combination of all
three parameters to provide better accuracy to determine
sleep in a patient.

[0038] The transmitter 201 of the control system 200
is connected or connectable to the controller 109 and the
power supply. The controller 109 is configured to operate
the transmitter 201 to send control signals generated by
the controller to one or more electronic apparatus 203 to
control one or more of the electronic apparatus 203. As
another alternative, the transmitter 201 can produce a
signal once it receives a control signal from the controller
109. The transmitter 201 communicates with electronic
apparatus 203 via a suitable medium, such as:

RF,
Infrared,
sonic/ultrasonic,
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using a suitable wireless protocol such as:
BluetoothTM
WIFI TM.

[0039] Any suitable transmitter 201 can be used with
the PAP apparatus 100 and controller 109. Preferably
the transmitter 201 is positioned within the PAP appara-
tus 100, as shown in figure 1 and 2, or formed integrally
into the PAP apparatus 100. Alternatively the transmitter
201 can be separate and remote to the PAP apparatus
100 and either wired to the controller 109 or alternatively
wirelessly in communication with the controller 109. In
another alternative, a transceiver is used instead of a
transmitter. In this case, there can be two way commu-
nications between the electronic apparatus 203 and the
transceiver 201, meaning the transceiver 201 can also
receive signals from the electronic apparatus 203. These
return signals could be related to the operation of the
electronic apparatus 203.

[0040] Once the controller 109 determines sleep, it
generates a control signal and operates the transmitter
201 to send the control signal to wirelessly control the
operation of any electronic apparatus 203 associated
with the system/PAP apparatus, as shown in figure 2.
The control signal sent from the transmitter 201 changes
the state of the electronic apparatus 203. For example,
the transmitter 201 can send a signal to switch off or on
appliances such as televisions, radios, electric heaters,
media players or other electronic apparatus such as
lights, heat pumps, air conditioners, alarm devices (such
as alarm clocks) and the like. Alternatively the transmitter
201 can send a signal to change the state of the electronic
apparatus 203. For example, it can reduce the volume
of televisions, radios and media players, or reduce the
intensity of heaters/air conditioners or dim lights. The
transmitter 201 can also be configured to switch on elec-
tronic apparatus 203. The controller 109 or transmitter
201 can be configured to communicate with and control
a plurality of appliances and other electronic devices si-
multaneously.

Method of Control

[0041] Figure 3 shows a method for controlling elec-
tronic apparatus with a PAP apparatus 100, not in ac-
cordance with the present invention, in particular using
the control system within a PAP apparatus as per figure
2. The controller 109 is configured (e.g. via a program)
to implement the method. In overview, the method com-
prises the steps of obtaining input (data/information) in-
dicative of a patient’s breathing at step 301. The next
step involves determining/detecting the occurrence of
SDB events or other breathing pattern indicative of sleep
at step 302. Step 303 involves determining if there is
sleep. Step 304 comprises sending a control signal to an
electronic apparatus 203 if sleep is detected at step 303.



11 EP 2 694 147 B1 12

[0042] The method for controlling electronic appara-
tuses 203 using a PAP apparatus commences at step
301. At step 301 the controller 109 receives input (infor-
mation/data) from the one or more sensors (e.g. 110,
111, and 112). Step 301 is periodically performed by the
controller 109 at a suitable sampling rate. The sampling
rate is determined by the internal clock of the controller
109 or any other clock within the PAP apparatus 100.
Once data from the sensors has been received by the
controller 109, the controller 109 processes the sensor
data to detect the occurrence of one or more SDB events
or other breathing pattern indicative of sleep at step 302.
Optionally, the controller 109 uses the method or meth-
ods of determining SDB events such as apneas, hypop-
neas or flow limitations, as described in US patent appli-
cation 11/198,072. Any other suitable method of deter-
mining SDB events can be implemented by the controller
109. Alternatively, the controller 109 uses other methods
of determining breathing patterns indicative of sleep,
such as those described in US patent 6,988,994.
[0043] At step 303, the controller 109 then determines
sleep in a patient based on the occurrence of SDB events
or other breathing pattern indicative of sleep. The con-
troller 109 determines sleep based on any suitable rela-
tionship of SDB events or the quantitative/qualitative
analysis of SDB events, or other breathing pattern indic-
ative of sleep as described previously.

[0044] Forexample, sleep is determined by the occur-
rence of a single SDB event. Alternatively, sleep is de-
termined based on one or more of the:

number of SDB events,
duration of SDB events,
spread of SDB events,
types of SDB events.

[0045] Further, atstep 302, the controller 109 may also
or alternatively determine sleep based on the breathing
pattern of the patient and whether the patient’'s measured
breathing pattern is one that is indicative of sleep. The
controller compares the measured breathing pattern or
breathing characteristics with stored breathing patterns
indicative of sleep, such as by using methods described
in US patent 6,988,994. If the measured breathing pat-
tern is identical or similar, the controller determines the
occurrence of sleep for a patient or in a patient. These
breathing patterns indicative of sleep can be any one of
reduced tidal volume, lack of variability, reduced breath
rate or a change in pulse. The controller 109 may meas-
ure the change in breathing pattern to determine sleep.
Further, the controller may also measure particular
breathing characteristics that are indicative of sleep in a
patient. The breathing characteristics have been ex-
plained earlier.

[0046] At step 303 the controller 109 determines sleep
based on the SDB events, or the breathing pattern of the
patient, or the breathing characteristics or a combination
of any two or all of these parameters. The controller 109
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preferably uses a combination of all three parameters to
provide better accuracy to determine sleep.

[0047] The controller 109 may determine sleep based
on only SDB events, other breathing patterns indicative
of sleep, or a combination of SDB events and breathing
pattern changes or a combination of both. The controller
can implement any suitable algorithm that uses SDB
event information or breathing pattern information or a
combination of both to determine if sleep has occurred.
[0048] If the method determines a patient is sleeping
(YES), step 303, then the method proceeds to step 304.
Otherwise, the method returns to step 301 by loop 305.
Loop 305 is a continuous loop and the method remains
in this loop until sleep is determined at step 303.

At step 304 the controller operates the transmitter 201
to transmit the control signal to control the electronic ap-
paratus 203 associated with the system/PAP apparatus.
The method may comprise a further step of receiving
confirmation that the state of an appliance 203 has been
switched. The controller can update itself or a memory
element or a register within the controller memory that
the electronic apparatus 203 has changed state. The
controller preferably includes registers in the controller
memory. The controller uses the registers to track the
states of the various electronic apparatus 203 that are
being controlled. The controller may be configured to de-
termine if the electronic apparatus is ON or OFF and
store the state in the register. The state may be a simple
high low indicator, for example a 1 may indicate the elec-
tronic apparatus 203 is ON and a 0 may indicate the
electronic apparatus 203 is off. The controller may be
configured to store the state and remember the previous
state of the electronic apparatus 203. The controller can
be configured to only change the state of the electronic
apparatus 203, by sending a control signal, if the previous
state was an

[0049] ON state. The controller is preferably adapted
to switch the electronic apparatus 203 OFF when sleep
is detected. The PAP apparatus 100 or control system
200 may also include further sensors to determine the
state of the electronic apparatus 203 when the PAP ap-
paratus is started.

[0050] The PAP apparatus 100 and method defined
above is advantageous because the PAP apparatus is
adapted to automatically control electronic apparatus
203 without any input from the patient or other person.
The PAP apparatus 100 determines sleep, and automat-
ically controls electronic apparatus 203 when sleep is
detected. In particular the PAP apparatus 100 preferably
switches off electronic devices such as televisions, radios
and any other electronic apparatus. This is particularly
advantageous because the patient can sleep without be-
ing disturbed by the electronic apparatus being on. This
also advantageous because power can be saved by con-
trolling the electronic apparatus 203. The PAP apparatus
automatically controls electronic apparatus 203, which
makes using the PAP apparatus easy for the user since
there is no user input required to control the electronic
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apparatus. The PAP apparatus 100 and the method is
advantageous because the user can remain sleeping and
enjoy an undisturbed sleep because the PAP apparatus
automatically controls the electronic apparatuses around
the patient once sleep in a patient is detected.

Alternative Embodiments

[0051] Figure 1 shows a one embodiment of the PAP
apparatus of the present invention. There are other al-
ternative embodiments of the PAP apparatus that are
also possible. Some possible alternatives are described
below.

[0052] In one alternative embodiment, the humidifier
of the PAP apparatus is separate to the PAP apparatus
100. The humidifier can be positioned adjacent the PAP
apparatus. In this alternative embodiment the PAP ap-
paratus only comprises a blower, a motor, flow and pres-
sure sensors, a user interface and a controller. The hu-
midifier can comprise a water reservoir, a heater plate
and a humidity sensor. Such a PAP system can still be
part of the present invention since the controller of the
PAP apparatus can be configured to control an appliance
203 or other electronic device based on determining if a
person is asleep from the SDB events determined from
data measured by sensors.

[0053] Inanotheralternative embodiment, the PAP ap-
paratus comprises a plurality of controllers. In one form
there is a second controller for controlling the blower and
breathing circuits and the first controller can obtain data
indicative of a patient’s breathing, determine sleep in a
patient and control the transmitter to transmit a signal to
control electronic apparatus. In another alternative form
there can be one controller configured to control the elec-
tric motor and the blower. Another controller can be con-
figured to control the heater plate. A further controller can
be configured to control the transmitter 201 and the power
supply, with an overarching controller controlling all the
sub-controllers. The controllers can also be positioned
anywhere in the PAP apparatus or external to the PAP
apparatus. For example the controllers can be stand
alone components that communicate with each other.
There are a number of other possibilities and arrange-
ments of controllers that can be used in the PAP appa-
ratus. The controller 109 shown is a preferred embodi-
ment showing a general controller that controls all the
functions of the PAP apparatus and is configured to im-
plement a preferred method as per figure 3. Any other
arrangement of controllers is also suitable for implement-
ing the presentinvention and forimplementing the control
of electronic apparatus 203 based on SDB events.
[0054] In another alternative embodiment, the control-
ler or controllers in the PAP apparatus are removable
from the PAP apparatus. In particular, the controller 109
is removable from the PAP apparatus 100. The controller
109 or controllers is removably attached, meaning the
controller 109 or controllers can be removed from the
PAP apparatus 100 and re-attached to PAP apparatus.
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This is advantageous because it allows a patient or a
clinician to remove the controller to program it or trouble-
shoot without having to transport the whole PAP appa-
ratus 100.

[0055] Inanother alternative embodiment, the PAP ap-
paratus comprises a variety of sensors in addition to
those described. Some examples are humidity sensors,
mass flow sensors and sound recording sensors. The
controller can be configured to determine the occurrence
of SDB events indicative of sleep based on input (infor-
mation/data) from any of these sensors or other sensors
used.

[0056] A further alternative embodiment comprises a
plurality of transmitters used with the PAP apparatus and
controller 109. In one form there may a dedicated trans-
mitter adapted to transmit a control signal to a particular
appliance, for example one transmitter for a television, a
separate transmitter for a radio and so on. In an alterna-
tive, the transmitteris separate to the PAP apparatus 100
and can interface with a controller 109 (or with multiple
controllers) by wired or wireless methods.

[0057] In a further alternative embodiment, an algo-
rithm is be loaded on to the controller in a variety of ways
from wired connection to wireless methods. In one form,
the program for determining the occurrence of SDB
events indicative of sleep is programmed into the con-
troller at manufacture and is stored in the memory of the
controller. In another form, a program for the method is
loaded on by a portable memory device such as a USB
or flash drive. In a further alternative form, the program
for the method is loaded on to the controller by wireless
transmission of data from a remote server or a remote
location. In a further alternative form, the controller has
programs for several methods stored on it for detecting
the occurrence of SDB events indicative of sleep. The
method implemented by the controller depends on the
type of sensors used in the PAP apparatus and the type
of sensor data. The controller uses the appropriate pro-
gram to process the sensor data in order to determine
the occurrence of SDB events or other breathing patterns
indicative of sleep.

[0058] Referring to Figure 4, in another embodiment
the electronic apparatus is an alarm device (e.g. such as
an alarm clock 400a or 400b) and the PAP apparatus
100 is configured to operate the alarm device 400a or
400b to wake up a person during a sleep state that is
conducive to the patient being woken up. A patient has
different sleep states. Some sleep states result in "deep
sleep" (e.g. non-REM sleep) from which it is difficult to
wake up from, and/or once woken up from will cause the
patient to be sleepy. Alternatively, some sleep states re-
sult in "shallow sleep” (e.g. REM sleep) from which it is
relatively easy for a patient to wake up. In a shallow sleep
state, a patient is more conducive to being woken up. In
this embodiment, the PAP apparatus 100 is configured
to operate the alarm device 400a or 400b to only wake
up a patient when they are in a shallow sleep state, or
as close as possible in time to such a sleep state (either



15 EP 2 694 147 B1 16

option being a sleep state conducive to being woken).
[0059] More particularly, the PAP apparatus control
system 200 comprises an alarm device 400a or is adapt-
ed to operate a separate alarm device 400a through the
controller 109. The alarm device, such as an alarm clock,
can be programmed in the usual way (either directly or
via the PAP apparatus 100/control system 200) to sound
an alarm at a desired time (e.g. 7:30 am) to wake up a
patient. This is the nominal alarm time. However, the
alarm device 400a or 400b will not automatically activate
the alarm at the desired/nominal time. To activate the
alarm, the alarm device must receive a control signal
from the PAP apparatus 100, for example via the con-
troller 109. To do so, the PAP apparatus controller 109
monitors the time and also when the pre-programmed
alarm wake up time is. In addition, the controller 109 mon-
itors the sleep state of the patient using any of the meth-
ods described above. Once the time reaches the pre-
programmed desired time, the controller 109 will only
send a control signal to the alarm device 400a or 400b
to activate the alarm if the patient’s sleep state is one
conducive to waking up (e.g. a shallow sleep state). If
the sleep state is not conducive to waking up, the con-
troller 109 will not send an alarm activation control signal
to the alarm device, but rather wait until the patient has
reached a sleep state conducive to waking up and then
send the control signal to activate the alarm. So, for ex-
ample, if at 7am the patient is still in deep sleep state,
the controller 109 will wait until it determines the patient
is in a shallow sleep state and then send the activation
control signal, which may for example not be until
7.15am.

[0060] A maximum time delay could be set (by the user
or manufacturer) indicating the longest time the controller
109 should delay after the nominal alarm time before
sending an alarm activation control signal. After thattime,
the controller 109 will send an alarm activation control
signal to the alarm device 400a or 400b irrespective of
the patient’s sleep state. This avoids the possibility that
the patient will sleep too long after the desired/nominal
wake up time. Alternatively, the controller could have a
time window either side of the desired/nominal alarm time
- e.g. 7am +/-15 minutes, within which time the controller
109 can activate the alarm device 400a or 400b. For ex-
ample, once 6.45am is reached the controller 109 will
send the alarm activation control signal to the alarm de-
vice 400a or 400b as soon as the patient reaches a shal-
low sleep state, and at latest by 7.15am. A patient could
set the maximum delay and/or time window.

[0061] In summary, and with reference to Figure 5, in
the alarm embodiment the controller 109 determines if
the nominal alarm time is reached, step 500. It then ob-
tains data indicative of patient breathing, step 501 and
determines the sleep state of the patient, step 502. If the
sleep state is shallow, step 503, then the controller 109
sends a control signal to the alarm device 400a, or 400b,
step 504. If not, the device continues to monitor the pa-
tient’s breathing, step 501. The delay and/or time window
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could be considered also at a suitable point. It will be
appreciated that this is only one embodiment and de-
pending on time window tolerance and other factors, the
order of determining sleep state and whether the correct
time is reached could be reversed or they could be de-
termined concurrently.

Claims
1. A breathing gases supply apparatus comprising:

a blower and breathing circuit for delivering
breathing gases to a patient, a controller (109),
the controller (109) configured to receive input
from at least one sensor (110, 111, 112) indic-
ative of patient breathing,

characterised by:

a transmitter (201) configured to communi-
cate with the controller (109) and transmit
control signals to remotely control an elec-
tronic apparatus (203),

wherein the controller (109) is configured to
determine sleep in a patient based on the
occurrence of a sleep disorder breathing
(SDB) event indicative of sleep, detected
from the input received from the sensor
(110, 111, 112) and upon determining
sleep, operate the transmitter (201) to send
a control signal to control an electronic ap-
paratus (203).

2. A breathing apparatus according to claim 1 wherein
controlling the electronic apparatus (203) comprises
changing state of the electronic apparatus (203).

3. A breathing apparatus according to claim 1 or 2
wherein controlling the electronic apparatus (203)
comprises switching on the electronic apparatus
(203).

4. A breathing apparatus according to claim 3 wherein
determining sleep comprises determining a shallow
sleep state, the electronic apparatus (203) is an
alarm and switching on the electronic apparatus
(203) comprises operating the alarm to wake up the
patient.

5. A breathing gases supply apparatus as claimed in
any previous claim wherein the sensor (110, 112)
measures breath flow of a patient.

6. A breathing apparatus as claimed in any previous
claim wherein the breathing pattern indicative of the
asleep state is a SDB event and preferably the SDB
event is one or more of a flow limitation, hypopnea
or apnea.
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A breathing gases supply apparatus as claimed in
claim 7 wherein the controller (109) is configured to
determine sleep state based on the any one or more
of the following:

number of SDB events,
duration of SDB events,
spread of SDB events, or
types of SDB events.

A breathing gases apparatus system as claimed in
any previous claim wherein the breathing gases sup-
ply apparatus comprises a PAP apparatus.

A breathing gases supply apparatus as claimed in
any previous claim wherein the apparatus comprises
any one or more of the following sensors:

flow sensor (110, 112),
pressure sensor (111),
humidity sensor,
sound sensor,

mass flow sensor,
voltage sensor,
current sensor,

sensor or sensors to determine the state of the
electronic apparatus,
EEG sensor,

Position sensor, or
Accelerometer.

A breathing gases supply apparatus as claimed in
any previous claim wherein the controller (109) is
further configured to control the blower and breathing
circuit.

A breathing gases supply apparatus as claimed in
any previous claim wherein the electronic apparatus
(203) is one or more of a:

television,

radio

lights,

heater,

air conditioner,
heat pump,
media player, or
alarm clock.

Patentanspriiche

1.

Atemgaszufiihrungsvorrichtung, die Folgendes um-
fasst:

einen Gebladse- und Atemkreislauf, um einem
Patienten Atemgase zuzufiihren, eine Steue-
rung (109), wobei die Steuerung (109) zum
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Empfangen von Eingaben von wenigstens ei-
nem Sensor (110, 111, 112) konfiguriert ist, der
Atmung des Patienten anzeigt,
gekennzeichnet durch:

einen Sender (201), konfiguriert zum Kom-
munizieren mit der Steuerung (109) und
zum Senden von Steuersignalen zum Fern-
steuern einer elektronischen Vorrichtung
(203), wobei die Steuerung (109) zum Fest-
stellen von Schlaf in einem Patienten auf
der Basis des Auftretens von SDB-(Sleep
Disorder Breathing)-Ereignissen konfigu-
riert ist, die Schlaf anzeigen, erkannt an-
hand des von dem Sensor (110, 111, 112)
empfangenen Eingangs und nach Feststel-
lung von Schlaf, Betreiben des Senders
(201) zum Senden eines Steuersignals zum
Steuern einer elektronischen Vorrichtung
(203).

Atemvorrichtung nach Anspruch 1, wobei das Steu-
ernder elektronischen Vorrichtung (203) das Andern
des Zustands der elektronischen Vorrichtung (203)
beinhaltet.

Atemvorrichtung nach Anspruch 1 oder 2, wobei das
Steuern der elektronischen Vorrichtung (203) das
Einschalten der elektronischen Vorrichtung (203)
beinhaltet.

Atemvorrichtung nach Anspruch 3, wobei das Fest-
stellen von Schlaf das Feststellen eines flachen
Schlafzustands beinhaltet, wobei die elektronische
Vorrichtung (203) ein Alarm ist und das Einschalten
der elektronischen Vorrichtung (203) das Betétigen
des Alarms zum Aufwecken des Patienten beinhal-
tet.

Atemgaszufiihrungsvorrichtung nach einem vorhe-
rigen Anspruch, wobei der Sensor (110, 112) Atem-
fluss eines Patienten misst.

Atemvorrichtung nach einem vorherigen Anspruch,
wobei das Atemmuster, das den Schlafzustand an-
zeigt, ein SDB-Ereignis ist und das SDB-Ereignis
vorzugsweise eines oder mehrere aus einer Fluss-
begrenzung, Hypopnoe oder Apnoe ist.

Atemgaszufiihrungsvorrichtung nach Anspruch 7,
wobei die Steuerung (109) zum Bestimmen eines
Schlafzustands auf der Basis eines beliebigen einen
oder mehreren der Folgenden konfiguriert ist:

Anzahl von SDB-Ereignissen,
Dauer von SDB-Ereignissen,
Verbreitung von SDB-Ereignissen, oder
Typen von SDB-Ereignissen.
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Atemgasvorrichtungssystem nach einem vorheri-
gen Anspruch, wobei die Atemgaszuflihrungsvor-
richtung eine PAP-Vorrichtung umfasst.

Atemgaszufiihrungsvorrichtung nach einem vorhe-
rigen Anspruch, wobei die Vorrichtung einen belie-
bigen einen oder mehrere der folgenden Sensoren
umfasst:

einen Strdomungssensor (110, 112),

einen Drucksensor (111),

einen Feuchtigkeitssensor,

einen Schallsensor, einen Massendurchfluss-
sensor, einen Spannungssensor, einen Strom-
sensor, (einen) Sensor(en) zum Bestimmen des
Zustands der elektronischen Vorrichtung, einen
EEG-Sensor, einen Positionssensor oder einen
Beschleunigungsmesser.

Atemgaszufiihrungsvorrichtung nach einem vorhe-
rigen Anspruch, wobei die Steuerung (109) ferner
zum Steuern des Geblase- und Atemkreislaufs kon-
figuriert ist.

Atemgaszufiihrungsvorrichtung nach einem vorhe-
rigen Anspruch, wobei die elektronische Vorrichtung
(203) eines oder mehrere der Folgenden ist: ein
Fernseher, Radio, Lampen, Heizung, Klimaanlage,
Warmepumpe, Media-Player oder Weckuhr.

Revendications

1.

Un appareil de fourniture de gaz respiratoires
comprenant :

une soufflante et un circuit de respiration pour
distribuer des gaz respiratoires a un patient, un
dispositif de commande (109), le dispositif de
commande (109) étant configuré pour recevoir
une entrée provenant d’au moins un détecteur
(110, 111, 112) indiquant la respiration du pa-
tient,

caractérisé en ce que :

un émetteur (201) configuré pour communiquer
avec le dispositif de commande (109) et émettre
des signaux de commande pour commander a
distance un appareil électronique (203),

le dispositif de commande (109) étant configuré
pour déterminer un sommeil chez un patient sur
la base de I'apparition d’'un événement de res-
piration propre a un trouble respiratoire du som-
meil (TRS) indiquant le sommeil, détecté a partir
de I'entrée regue du détecteur (110, 111, 112)
et quand le sommeil est déterminé, actionner
I'émetteur (201) pour envoyer un signal de com-
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mande destiné a commander un appareil élec-
tronique (203).

Un appareil respiratoire selon la revendication 1
dans lequel la commande de I'appareil électronique
(203) comprend le changement d’état de I'appareil
électronique (203).

Un appareil respiratoire selon la revendication 1 ou
la revendication 2 dans lequel la commande de I'ap-
pareil électronique (203) comprend la commutation
de l'appareil électronique (203).

Un appareil respiratoire selon la revendication 3
dans lequel la détermination du sommeil comprend
la détermination d’'un état de sommeil peu profond,
I'appareil électronique (203) est une alarme et la
commutation de I'appareil électronique (203) com-
prend I'actionnement de I'alarme pour réveiller le pa-
tient.

Un appareil de fourniture de gaz respiratoires tel que
revendiqué par nimporte quelle revendication pré-
cédente, dans lequel le détecteur (110, 112) mesure
le débit respiratoire d’'un patient.

Un appareil respiratoire tel que revendiqué par n’'im-
porte quelle revendication précédente, dans lequel
le profil respiratoire indiquant I'état de sommeil est
un événement de TRS et de préférence dans lequel
I’évenement de TRS est un ou plusieurs parmi une
limitation de débit, une hypopnée ou une apnée.

Un appareil de fourniture de gaz respiratoire tel que
revendiqué par la revendication 7 dans lequel le dis-
positif de commande (109) est configuré pour déter-
miner I'état du sommeil sur la base d’un quelconque
ou de plusieurs des éléments suivants ;

nombre d’événements de TRS ,

durée des événements de TRS,

étendue des évenements de TRS, ou

types d’événements de TRS.

Un appareil de fourniture de gazrespiratoires system
tel que revendiqué par n’importe quelle revendica-
tion précédente, I'appareil de fourniture de gaz res-
piratoires comprenant un appareil a PAP.

Un appareil de fourniture de gaz respiratoire tel que
revendiqué par nimporte quelle revendication pré-
cédente, dans lequel I'appareil comprend un ou plu-
sieurs des détecteurs suivants :

détecteurde débit (110, 112), détecteurde pres-
sion (111), détecteur d’humidité,

détecteur de son, détecteur de débit massique,
détecteur de tension, détecteur de courant, dé-
tecteur ou détecteurs pour déterminer I'état de
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'appareil électronique,
détecteur EEG, détecteur de position ou accé-
léromeétre.

10. Un appareil de fourniture de gaz tel que revendiqué

1.

par n’importe quelle revendication précédente, dans
lequel le dispositif de commande (109) est configuré
en sus pour commander la soufflante et le circuit de
respiration.

Un appareil de fourniture de gaz respiratoire tel que
revendiqué par n’importe quelle revendication pré-
cédente, dans lequel I'appareil électronique (203)
est un ou plusieurs des appareils suivants : télévi-
sion, radio, lumiéres, radiateur, climatiseur d’air,
pompe a air, lecteur média ou réveil.

10

15

20

25

30

35

40

45

50

55

12

22



EP 2 694 147 B1

I HANODIA

vLL
601 eLl

EREIENT]] \\

— ~ 19]|0u0) \_L|_| N
1 = a0l

%
201
j010W 1
493 T /’ImOr
/ ::% SLTRC
5 N Jayipiuny Hv“_ ,% 191Ul 011
S A m

oor\

¢Ol

13



EP 2 694 147 B1

N_._‘J

C NI

601
Q

\\l €£0¢

snieleddy
o1U04}08|]

' 18][0U0n

4018

f

IBAIBIOsuUe) )

i

P_‘F.\w

00¢

o

€0¢

c0¢

€0¢

14



EP 2 694 147 B1

301
_,k

Obtain data indicative
of patient’s breathing

302
_\

determine sleep in a patient

303
has sleep been

/\ 305

determined?

304
1

send a control signal
to electronic apparatus

FIGURE 3
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FIGURE 5
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