wo 2014/082120 A 1[I I NPF VOO 00 0 O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(43) International Publication Date

(10) International Publication Number

WO 2014/082120 A1

S June 2014 (05.06.2014) WIPO I PCT

(51) International Patent Classification: (81)
A6IM 15/02 (2006.01) AG6IN 1/44 (2006.01)
A6IM 16/00 (2006.01)

(21) International Application Number:
PCT/AU2013/001365

(22) International Filing Date:
26 November 2013 (26.11.2013)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
61/730,271 27 November 2012 (27.11.2012) us &4
61/777,022 12 March 2013 (12.03.2013) US

(71) Applicant: RESMED LIMITED [AU/AU]; 1 Elizabeth
Macarthur Drive, Bella Vista, New South Wales 2153
(AU).

(72) Inventor: KLASEK, Paul, Jan; C/- ResMed Ltd, 1 Eliza-
beth Macarthur Drive, Bella Vista, New South Wales 2153
(AU).

(74) Agents: DAVIDSON, Geoffrey, Robert et al.; Halford IP,
1 Market Street, Sydney, New South Wales 2000 (AU). —

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

of inventorship (Rule 4.17(iv))

[Continued on next page]

(54) Title: METHODS AND APPARATUS FOR IONIZATION

Fig. 1

(57) Abstract: Devices and systems provide methods of
controlling breathable gas generation such as for a respirat-
ory treatment and/or for controlling ionization of the gas. In
an example, a controller of a respiratory treatment apparatus
controls generation of a supply of ionized air. The apparatus
may include a flow generator to generate a flow of pressur-
ized breathable gas. The flow generator may be adapted for
connection with a respiratory interface. The apparatus may
also include an ionizer to ionize the flow of gas. The control-
ler may be coupled with the ionizer and the flow generator
and be configured to control the ionizer to programmatically
change levels of ionization of the gas. Such ionized gas
treatments may be suitable for helping users to sleep or im-
proving respiratory oxygen absorption, and may be for pa-
tients with, for example, sleep disordered breathing or
chronic obstructive pulmonary disease.
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METHODS AND APPARATUS FOR IONIZATION

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This  application claims the benefit of the
filing dates of United States Provisional Patent Application
Nos. 61/730,271, file Novembef 27, 2012, and 61/777,022,

filed March 12, 2013, the disclosure of which is hereby
incorporated herein by referernce.

FIELD OF THE TECHNOLOGY

[0002] The present technology relates to systems, methods
and appératus for tréating respiratory conditions such as
sleep - disordered breathing or respiratory insuffiéiency
(e.g., Chronic Obstructive ?ulmonary Disease). More
particularly, it relates to the ionization generation such
as for ionization therapy of such conditions.

BACKGROUND OF THE TECHNOLOGY

[0003] Sleep 1is important for good health. Frequent

disturbances during sleep' or sleep fragmentation can have
severe consequences including day-time sleepiness (with the

attendant possibility of motor-vehicle accidents), poor
mentation, memory problems, depression and hypertension.

For example, a person with nasal éongestion may snore to a
point that it disturbs .that person's ability to sleep.

Similarly, people with SDB are also likely to disturb their

partner’s sleep. One known effective form of treatment for

patients with SDB is nasal continuous positive airway
pressure (nasal CPAP) applied by a Dblower (air pump or

compressor) via a connecting hose and patient interface. In
some forms the s&pply of air at positive pressure is

delivered to both the nose and mouth. The poSitive pressure

‘can serve as a "pneumatic splint" so as to prevent a-
.collapse of the patient’s airway during inspiration, thus

pfeventing events such as snoring, apneas or hypopnoeas and
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in many cases, 1s effective in treating central and mixed

apnea.

[0004] Such positive airway pressure may be delivered in
many forms. For example, a positive pressure level may be

maintained across the inspiratory and expiratory levels of
the patient's breathing cycle at an approximately constant
level. Alternatively, pressure levels may be adjusted to
change synchronously with the patient's breathing cycle.
For example, pressure may be set. at one 1level during
inspiration and another lower level during expiration for
patient comfort. Such a pressure treatment system may be
referred to as bi-level. Alternatively, the pressureilevels
may be continuously adjusted to smoothly change With the
patient's breathing cycle. A pressure setting during
expiration lower than inspiration may generally be referred
to as expiratory preséure relief. . An automatically
adjusting device may increase the treatment pressure in
;esponse to indiéations of partial or complete upper airway
obstruction. Sée U.S. Patent Nos. 5,245,995; 6,398, 739;
6,635,021; 6,770,037; 7,004,908; 7,141,021; 6,363,933 and

5,704,345,
[0005] Other devices are known for providing respiratory
tract therapy. For example, Schroeder et al. describes an

apparatus for delivering heated and humidified air to the
. respiratory tract of a human patient in U.S. Patent . No.
7,314,046, which was filed on 8 Dec. 2000 and assigned to
Vapotherm Inc. Similarly, Genger et al. discloses an anti-
snoring device with a compressor and a nasal éir cénnula in
U.S. Patent No. 7,080,645, filed 21 July 2003 and assigned
to Seleon GmbH. '

[0006] Respiratory insufficiency affects millions of
people. For patient's suffering from this condition, the
lungs are unable to inspire sufficient oxygen or  expel

sufficient carbon dioxide to meet the needs of the cells of
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the patient's body. for example, Chronic Obstructive
Pulmonary Disease ("COPD") affects approximately thirteen

million Americans and ten million Europeans. COPD is a
disease involving some damage to the lungs. The airways and
the alveoli of the lungs can loée their elastic quality.

Walls between alveoli can become destroyed or they can
becoﬁe inflamed. The airways of the lungs may also produce
more mucus than wusual, which can restricf‘airflow. This
damage will typically manifest itself in some ‘difficulty
with breathing such as dyspnea. COPD patients typically
experience coughing, with an expulsion. of mucus, shortness
of bfeath, wheezing and a feeling of.tightness in the chest.

Emphysema and chronic obstrucfive bronchitis may each be
considered to be a forqv of COPD. Chronic Obstructive
bronchitis may be characterized by an inflammatory response
in .the lérger éirways of fhe lungs. Emphysema may be
characterized by destruction of tissue of the lungs from an
inflammatory response.

[0007] There 1is no presently known cure for COPD. There
is no treatment for restoring the airways and alveoli of the
lungs of- a COPD patient to their pre-disease condition.

However, treatments and lifestyle changes can help a COPD
patient to feel more comfortable, continue to be active and
impede the progression of the disease.

[0008] It will be appreciated fhat‘there is a need in the
art for improved téchniques and devices for addressing the
respiratory conditions of patienfs such as. those suffering
from'SDB or respiratory insufficiency such as COPD.

SUMMARY OF THE TECHNOLOGY

[0009] An aspect of certain examples of the present‘
téchnology relates to methods and apparatus for controlling,

generating and/or providing a respiratory treatment.

[0010] Another aspect of some examples of the presént

technology 1is. the implementation of ion generators for
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cleaning, generating gas flow/propulsion and/or therapy for
a user's respiratory system.

[0011] A further aspect of some examples of the
technology relates to methods and apparatus for controlling,

generating and/or providing an ionization respiratory

treatment.
[0012] Another aspect of certain examples of the present
technology relates to methods and apparatus for

independently controlling a setting or generation of a
pressurized breathable gas as a respiratory treatment and
contemporaneously but independently controlling a setting or
generation of an ionization of the breathable gas.

[0013] Anotherfaspect of certain examples of the present
teqhhology is a contrbller for an apparatus configured to
programmatically control changes to_seﬁtings for generation
of a pressurized breathable gas as a respiratory treatment
and for controlling changes to settings for generation of an
ionization of the breathable gas.

[0014] © In some‘ examples of the present technology, a
respiratory treatment apparatus may be configured to
generate a controlled supply of ionized breathable gas. The
apparatus may include a flow generator to generate a flow of
breathable gas at a pressure above atmospheric pressure.
The flow generator may be. adapted for connection with a
patient respiratory interface. The apparatus may also
include an ionizer to ionize the flow of breathable gas at a
level of ionization. The apparatus may also include a
controller, such as one that includes a processor. The
controller may be coupled with the ionizer and the flow
generator. The controller may be configured to control the
ionizer to programmatically change the level of ionization
of the pressurized flow of breathable gas to set the level

to a plurality of different ionization levels.
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[0015] In some cases, the controller may be configured to
decrease the level of ionization over a period of time. The
controller may be configured to increase the level of
ionization over a period of time. The controller may be
further configured to pulse the level of ionization over a
period of time. In some cases, the controller may be
configured decrease the level of ionization after expiration

of a wake period.

[0016] Optionally, the apparatus may also include a
sensor coupled with the controller. The sensor may be
configured. to detect a physiological characteristic. The

controller may be configured to change the . level of
ionization based on the detection of the physiological
characteristic. In some cases, the physiological
characteristic may be detected sleep. Optionally, the
controller may be configured to adjust the level of
ionization based on the detection of a sleep state. For
example; the level of ionization may be reduced upon
detection of a deepvsleep state or rapid eye movement (REM)
sleep state. A deep sleep state or slow wave sleep state is
also known as non-rapid eye movement (Non-REM) sleep stages

3 and 4 which form the deeper part of the sleep cycle

wherein the brain emits delta wave activity. The
physiological characteristic may include a detected
respiratory event. The detected respiratory event may be a

detected inspiratory cycle.

[0017] Optionally, in some cases, the controller may be
further configured to turn on and turn off the ionizer while
continuing to control the flow generator to generate ' the
fiow of breathable gas. The apparatus may further include a
filter to attract charged contaminants from the ionized flow
of breathable gas. The filter may be an electret filter.
[0018] Optionally, the ionizer may be located proximate

to the flow generator. The apparatus may further include a
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secondary ionizer. ‘The secondary ionizer may be located
proximate to the patient interface. Such a dual stage or
multi-stage ionization configuration may béneficially allow

the initial ionizer(s) to promote cleaning of the breathable

gas and secondary ionizer(s) to promote inhalation of
ionized gas. Optionally, the apparatus may also include a
humidifier. The humidifier may have a gas flow input in gas

flow communication to a gas flow output of the ionizer.

[0019] In some cases, the ionizer may be formed by an
array of ion generators. The controller may be configured
to selectively activate different portions of the array. In

‘some cCases, the processor may be’ configured to control the
flow generator to programmatically set the flow of
breathable gas at the pressure above atmospheric pressure.
The controller may control the flow of breathable gas to
maintain a targét ventilation. Optiocnally, the controller
may control the flow of breathable gas to set the pressure
above atmospheric pressure to alleviate events of sleep
disordered breathing. '

[0020] In some cases, the apparatﬁs_may include an ion
sensor to generéte a signal indicative of a level of
ionization of the ionized gas. The controller may also be
configured to control the ionizer to change the level of
ionization based on a ineasure of ionization from the ion
sensor.

[0021] Optionally, the apparatus may include a delivery
conduit to cOuple between .the flow generator and patient
respiratory interface. The delivery conduit may have a
material with a charge state to repel the ionized breathable
gas. Such a repulsion force may be at or along.ﬁhe walls or
flow surface of the air delivery conduit to prevent or
reduce the ionized Qas from sticking or attaching therein
and thereby may reduce resistance of the air delivery tube.

This may also be considered a shear on the flow path
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boundary that reduces resistance. In some cases, the
delivery conduit may include one or more charge elements to
set a charge state of the delivery conduit (e.g., its flow
surface) to repél the ionized breathable gas.

[0022] Some cases of the present technology may include a -
control method of a respirato;y treatment apparatus for
generéting a controlled supply of ionized breathable gas.
The control method may' include generating with a. flow
geherator a flow of breathable gas at a pressure above
atmospheric pressure. The control method may further
include ionizing with an ionizer the flow of breathable gas
at a level of ionization. The control method may further
include controlling, with a processor, a change to the level
‘of ionization of the flow of breathable gas >to set the
ionization to a plurality of different ionization ‘levels.
In some cases of the control methodology, the change to thé
level of ionization may be a decrease of the level of
ionization over“a period of time. In some cases of the
control methodology, the cﬁange to the level of ionization
may be an increase of the level of ionization over a period
of time. Iﬁ still further cases of the control methodology,
the change to the level of idnization may include pulsing of
the level of ionization over a period of time. ) J

[0023] Optionally, the change to.the level of ionization
of the methodology may include a decrease of the level of

ionization after expiration of a wake period.

[0024] In some tases, the control methodology may further
include detecting .with a sensor a physiological
characteristic. In such a case, the change to the level of

ionization may be based on  the detection of the
physiological characteristic such as detected sleep and/or a

detected respiratory event such as a detected inspiratory
cycle. In some such cases, the change to the 1level of

ionization may include adjusting the level of ionization

7
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based on the detection of a sleep state. For example, the
level of ionization may be reduced upon detection of a deep
sleep state and/or REM sleep state.

[0025] In some cases, the control method may further
include turning on and turning off the ionizer while
continuing to control the flow 'generator to generate the
flow of breathable gas. Additionally, the method may
further include filtering the ionized flow of breathéble gas
to attract charged contaminants from the ionized flow of
breathable’ gas, such as with an eleétret filter. In some
cases, the ionizing may be performed proximate to the flow
generator and secondary ionizing may be performed proximate
to a patieht interface. The method may further include
humidifying the ionized breathable gas.

- [0026] In some such methods, the ionizer may include an
array of ion generators and the method may involve
selectively activating different portions of the array. In
any such cases, the processor may control the flow éenerator
to programmatically set the flow of breathable gas at the
pressure ' above atmospheric pressure. The processor may
control the flow of breathable gas to maintain a target
ventilation. The processor may control the flow of
‘breathable gas to set the. pressure above atmospheric
pressure to alleviate events of sleep disordered breathing.
[0027] In some cases, the control méthod may involve
generating a signal indicative of a level of ionization of
the ionized gas with an ion sensor. The controlling, with
the processor, may then set the ionizer to change the level

of ionization ba'sed on a measure of ionization from the ion

sensor.
[0028] In some cases, the method may involve repelling
the ionized breathable gas with a delivery conduit. In some

such cases, the delivery conduit may be adapted to couple

between the flow generator and a patient respiratory
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interface and may Have a material with a charge state to
repel the ionized breathable gas. The material may be
provided along a flow surface or internal wall of' the
delivery conduit. Optionally, the method may also involve
charglng with a charging element the dellvery conduit such
that the charging element sets a charge state of the
delivery conduit to repel the ionized breathable gas.
[0029] Some examples of the present 'technology may
include a solid state flow generator such as for a
respiratory apparatus for generating a controlled supply of
breathable gas. The flow generator may include a set of
ionizers configured to propel a flow of breathable gas, the
set of ionizefs configuréd with a flow path adapted to
couple with a user respiratory interfacé. The flow
generator may also include a controller coupled with the set
of ionizers. The..controller may be configured to
selectively activate the ionizers for propelllng the flow of
breathable gas. ‘
[0030] Optionally, the set “Of ionizers for such aa‘flow.
generator may be arranged in a serial configuration in the
flow path. Moreover, the controller may then be conflgured
to selectively actlvate an increasing number of the ionizers

" to increase propulsion of the flow of breathable gas.. In
some cases; the set of ionizers may be formed as an ionizer
sheet or in a grid configuration. Optionaily, the flow path-
of the ionizer of such flow generators may be helical and
the set of ionizers may be arranged along the helical flow
path. |
[0031] In some cases, the ionizer flow "generator may
inélude a sensor and the controller may be configured to
lactivate a sub-set of the set of ibnizeré based on a signal
generated from the sensor. For example, the sensor may be a
flow sensor, and the controller may be 'cpnfigured to

selectively activate a sub-set of the set of ionizers based



/082120 PCT/AU2013/001365
WO 2014/0

on a measure of flow from a signal from the flow sensor. By
way of further example, the Seénsor may be a pressure sensor,
and the controller may be configured to selectively activate
a sub-set of the set of ionizers based on a measure of
pressure from a signal of the pressure sensor.

[0032] Optionally, in some cases, the flow generator may
include a neutralizer. The neutralizer may be configured to
delonlze the propelled flow of breathable gas of the flow
path of the flow generator

[0033], Optionally, the set of ionizers may - include a
plurality of carbon fiber brush ion generators. Still
further, the set of ionizers may optionally include a
plurality of honeycomb cell ion generators.

[0034] In some cases, such flow generator (s ) may have a
flow path with a divider. The divider may separate two or
more channels and each channel ray - include a set of ionizers.

The channels may include an 1nsp1ratory channel and an

expiratory channel. The divider may be arranged helically
in a cylindrical delivery tube. The divider .may be
configured as 3 ground elemenﬁ The 'divider may be

configured for removably coupling within a delivery conduit.
[0035] Additional featqres of the technology will also be
apparent from consideration of the information contained in
the following detailed description, drawings, abstract and
claims. .

[0036] Any of the aspects and features of the described
example embodiments may be combined with aspects of other
examples to realize vet further embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] The present technology is illustrated by way of
example, and not by way of limitation, in the flgures of the
accompanying draw1ngs, in which 1like reference numerals

refer to similar elements including:

10
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[0038] Fig. 'l illustrates example components of an
ionization therapy device for a controlled generatlon of a
respiratory ionization therapy;

[0039] Fig. 2 is an example methodology for a device that
implements a controlled respiratory ionization therapy;
[0040] Fig. 3 is an example graph illustrating controlled
'changes made to ionization levels by a controller of an
example respiratory ionization therapy apparatus of the
present techhology;

[0041] Fig. 4 1is an another example graph illustrating
controlled changes made to ionization levels by a controller
of an example respiratory ionization therapy apparatus of
the present technology;

[0042] Fig. 5 is a diagram 1llustrat1ng a further example
ionization therapy device suitable for use in some
embodiments of the4present technology;

[0043] Fig. 6 1is a block diagram of a controller for a
respiratory ionization therapy apparatus including example
components suitable for implementing the control
methodologles of the present technology,

[0044] Fig. 7 1is a dlagram of an example ionization
.therapy device with active charging element to promote gas
transfer through the delivery conduit;

[0045] Fig. 8 1is 'a diagram of an example ionization
therapy device with a solid stage flow generator;

[0046] Fig. 9a and 9b are illustrations of a flow
generator implemented with carbon brush ionizers;

[0047]. NFig. 10 is an illustration of a flow generator
with honeycomb shaped ionizer elements;

[0048] Fig. 11 is an illustration of example components
of. an ionization flow generator formed with a helical flow
configuration;

[0049] Fig. 12 is an illustration of the assembled

components of the generator of Fig. 11;

11
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[0050] Figs. 13a and 14a are front‘ views of first and
second flow structures respéctively for an example helical
generator having integrated ionizefs;‘

[0051] Figs. 13b and 14b are top plan views of the flow
structures of Figs 13a and 14a respectlvely

[0052] Fig. 15 is an illustration of a patient interface
and a flow generator including a dual-limb délivery'conduit
that comprises ionizers.‘

[0053] Fig. 16a and 16b are illustrations of a flow

generator comprising a delivery conduit having an.

inspiratory channel with ionizers, an expiratory channel -

with ionizers and a divider, such as a divider configured as
a plate.

[0054] Fig. 17 is an 1llustratlon of a flow generator
comprlslng a delivery conduit hav1ng an inspiratory channel

with ionizers, an expiratory channel with ionizers and a

divider, such as a divider configured in a helical
arrangement.
[0055] Fig. 18 is an illustration of a flow generator

comprising a delivery conduit having an inspiratory channel,

an expiratory channel with ionizers and a divider. The
ionizers may be arranged on both sides of the divider.

. DETAILED DESCRIPTION

[0056] The present technology involves methods and
devices for respiratory ionization therapy, such as a
provision of negatively’ charged air. Hemoglobin is the
iron-containing oxygen-transport metalloprotein in the red
blood cells. -Hemoglobin iron is basically a cation and thus,
positively charged. Providing ionized air ‘to a user or
patient that includes a negatively charged oxygen component

may permit improved blood. absorption of oxygen given the
positively charged hemoglobln oxXygen-transport mechanism of
the blood. 1In some cases, this improved oxygen affinity may

result in reduced need for a secondary source of

12
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supplemental oxygen. Such therapy may also help to
disinfect bacteria and viruses in breathable air or in the
patient's lungs and may reduce degradation or inflammation
of lung tissue or lung condition. Receiving ionized air may
also aid sleep onset. However, it may hot be desirable to
provide too high a level of ionization for extended periods
of time. Accordingly, some apparatus of the present
technology may provide a controlled delivery of ionized air
SO as to set different levels of ionization during suitable
times in a treatment regime. Such treatment may be'suitable
for patients with respiratory insufficiency (RI) such as
chronic obstructive pulmonary disease (COPD). However, such
therapy may also be suitable for other users or respiratory
issues, such as for example, sleep disordered breathing,
sleep apnea, or other respiratory treatment that may involve
a breathable supply of gas. A

[0057] An example embodiment of a device for implementing
a respiratory ionization therapy of the preSent technology
is illustrated in FIG. 1. In thé embodiment, the ionization
‘therapy device 100 “produces a breathable gas (e.g., air)
with ions, such as anions. The ionization therapy device
100 will typically iﬁclude a patient respiratory interface
102, a delivery tube 110, a controlier 104, an ionizer 101,
and a flow generator such as a servo-controlled blower 105.
[0058] - The patient respiratory interface, such as a mask
108 as shown together with the delivery tube ilO, provides a
respiratory treatment to the patient's respiratdry system
via the patient's mouth and/or  the patient's nares.
Opticnally, the patient respiratory interface may be
implemented with a nasal mask, nose & mouth mask, full-face
mask, nasal pillows, nasal cannula or tracheostomy tube.
[0059] With the flow generator, the ionization therapy
device 100 can also be configured to generate a respiratory

flow or pressure treatment toward or in the patient

13
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respiratory interface. The nature of such flow or pressure
treatments may vary depending on the type of user or patient
treated. Example pressure/flow treatment will be described
in more detail herein but may be any suitable respiratory
treatment therapy. ‘
[0060]- The ionization theraby device 100 may also
typically include an ionizer ldl. The ionizer may be
located in the flow‘path of the ionization therapyvdevice
100 that generates flow toward.or pressure in the patient
respiratory interface. In the case of implementation within
the flow generator, the ionizer may either be upstream or
downstream of the blower. As illustrated in the example of
Fig; 1, the ioniéer is downstream of the blower. In the
example, the ionizer is integrated with the flow .path of the
flow generator. . However, the ionizer may also be
implemented as an add-on component or module such as one
that removably couples between the delivery tube 110 and the
flow generator housing. In such a case, the module may
include a controller and/or be in electrical communication,
such as on a communications bus, with a controller of the
flow generatork Opticnally, such an add-on may couple to an
inlet of the blower 105.° Other structural configurations
may also be implemented such as the configuration dlscussed
in more detail herein with reference to Fig. 5.

[0061] The ionizer 101 will typically be configured to
Aionize the breathable gas produced by the flow generator.
The ionizer may include electrostatically charged elements
to produce either positively or negatively charged gas ions
in the pressurized air produced by the blower. In the case
of the anion generator, the electrostatically charged
elements produce the negatively charged gas 1ions. In some
examples, the ionizer may- be an ionization generator such as
a carbon fiber brush multiple ion corona discharge. However,

other types of ionizers may also be implemented. One such

14
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example of a negative ion generator is the ionizer or means
for generating negative ions as described in U.S. Patent No.

4,102,654, the disclosure of which is incorporated herein by

reference. )
[0062] | The controller 104 or processor 114 will typically
"be coupled, electrically, with the ionizer 101. In some

cases, the ionizer 101 may be controlled by the controller,
such as with a suitable'activation'circuit, to Uselectively
increase or decrease the electrostatic"charge, voltage
and/or current supplied to, or to otherwise gate, the
operation of the production elements (e.qg., electrodes,
anodes and/or diodes) of the ionizer so as to increase or
decrease the level of ionization. Optionally, it may be
controlled by powering the ionizer 101, wholly or in part,
on or off at suitable times. For example, in some cases,
the ionizer may be formed by“an array of production elements
(e.g., a' set of electrodes or electrode tube Segments
(cathodes and/or anodes) etc. in a honeycomb array through
which or by which air to be ionized will pass) which may
~each Dbe selectively operated by the controller to 1ncrease
or decrease the level of ionization produced by the ionizer.
In some such cases, a greater number of'actlvated producticn
elements of the array may dgenerate a higher level of
ionization and a relatively  fewer number of activated
production elements of the array may generate a lower level
of ionization.
[0063] Typically, the controller's programmatic operation
of the ionizer will be independent from the controller's
programmatic operation of a pressure/flow of a respiratory
gas treatment from the blower, when 1mplemented. In other
words,  the controller may contihue to provide the
pressurized flow of breathable gas"treatment with the blower
to a patient or user whether or not the ionizer, in whole or

in part, is activated or deactivated by a controller to
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ionize the breathable gas. Thus, the controller may
independently make changes to the settings for generating
the pressure or flow of gas and >to the settings for
ionization. However, typically, when the ionizer is
ioniéing the gas, the controller will control the blower to
generate the pressure/flow of gas.

[0064] Accordingly, the controller 104 (such es one
including a processor 114 or processors) may be configured
to implement particular programmatic control methodologies
such as the flow/pressure gas treatment control algorithms
and/or the ionization control algorithms described in more!
detail herein._'Thus, the controller may include integrated
chips, a memory and/or other control(instruction, data or
information storage: medium. -For example, programmed
instructions encompassing such a control methodology may be
coded on integrated chips in the memory of the dev1ce Such
instructions may also or alternatively be loaded as software
or firmware using an appropriate data storage medium. With
such a controller or processor, in addition to methodologies.
for pressure and/or flow control, the ionization therapy
device can be used’ for setting different ionization levels,
setting or changing the ionization levels at certain times
”and/or setting or changing ionization levels in response to
udetected conditions. Thus, the processor may control the
level of ionization, for example, as descrlbed in the
embodlments discussed in more detall herein w1th reference
to Figs. 2, 3 and 4.

[0065] In some cases, the ionization therapy device 100
may also optionally be equipped with one or more sensors.
For example, it may optionally include a flow sensor 107
and/or a pressure sensor 106, which may be coupled with the
patient respiratory interface. The flow sensor may generate
a signal representatlve of the patient's resplratory flow.

The signals from the sensors may be processed to detect
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obstructive or central apneas, hypopneas, hypoventilation,
hyperventilation, - cardiogenic airflow, respiratory rates,
respiratory cycles,  respiratory phase (e.q., inspiration
and/or expiration) and other resprratoryvrelated parameters
from the signals measured by -the sensors. In some
embodiments, flow proximate to the mask or delivery tube 110
‘may be measured using a pneuﬁotachograph and differentiail
pressure transducer or similar device such as one employing
a bundle of tubes or ducts to derlve a flow signal f(t).
Alternatlvely, a pressure sensor may be implemented as a
flow sehsor and a flow signal may. be, generated based on the
changes - in pressure. The pressure sensor 106 may be a
pressure transducer. Although the pressure or flow sensors
are illustrated in a housing of the controller 104, they may
optionally be located closer to the patient, such as in the
mask or deiivery tube 110. Other devices for generating a
respiratory flow signal or pressure signal may also be
implemented. For example, a motor RPM sensor may be
utlllzed to estimate’ pressure or flow information supplied
by the flow generator device based upon the characteristics
of the system. One such example is the deviee described in
U.S. Patent App. No. 12/294,975, filed Oct. 30, 2008 and
PCT/AU05/01688, the entire disclosures of which are
‘incorporated herein by reference.

[0066] In some cases, an ionization device 100 of the
present technology may include one or more ion sensors such
as an ion; meter, anion sensor etc. The sensors may be
located for example, proximate to the patient interface
(e.g., in or at the 'mask) and/or proximate to each ion
'generator. The controller may detect or measure the level
of ions or anions in the breathable gas generated based on a
signal from one or more of such sensor(S). In some cases,
the controller may increase or decrease ion generation by

control of the ion generator(s) based on a signal from the
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sensor (s) that may be indicative of the level of ionization.

For example, it may control ionization so that the measure
is servo-controlled to satisfy a desired or set target level
of ionization. Thus, the control of the ion generator (s)

may optionally be by closed loop control.

[0067] Optionally, the ionization therapy device 100 may
also include additional diagnosis sensors 112 that may
assist in the setting of treatment of the present technology.
For example, the device may include an oximeter. The
oximeter may generate a signal representative of a blood
oxygen level of-a patient. A suitable exampie oximeter or
monitor device may optionally be any of the devices

disclosed in International’ Patent  Application No.

International Application No. PCT/AU2005/001543 (Pub. No.

WO/2006/037184) or International Patent Application No. -
PCT/AU1996/000218 (Pub. No. WO/1996/032055), the disclosures

of which ~are incorporated herein by cross-reference. As
disclosed in these incorporated PCT applicatibns, the
monitor may serve as diagnosis sensors that can also
optionally provide a blood pressure and/or heart or pulse
rate monitor for measuring a heart rate and/or blood
pressure of the patient.

[0068] For example, the sensors may be configured to
provide an indication of the resistance of the lungs. A
measure of the resistance of the ‘lungs may provide an
indication of a reduction or increase in inflammation of the
lungs indicating a level of patient improvement or worsening.
As' a result of the indication of the level of patient
improvement or worsening adjustments in the therapy may be
made by the controller.

[0069] In some embodiments, the diagnosis sensors may
also include an electrocardiography (ECG) monitor. Such a
device may be configured to detect cardiac-related

characteristics such as a heart rate and may also determine
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respiratory events (such as céntral Oor obstructive apneas,
hypopneas, etc.) Optionally, these parameters may Dbe
determined by 'the analysis  algorithms of controller 104
based on‘transmission of the ECG data to the controller or
they may be determined by the'monitor and be transmitted to

the controller 104.

[0070] In some cases, ionization treatment device may
include sensors for detecting sleep such as
Electroencephalography (EEG) sensors. It may include a

sleep monitoring system such as that of BiancaMed Limited
described in U.S. Patént Application Publication No.
2009/0131803, published on May 21, 20009, the entire
disclosure of which is incorporated herein by reference. .
This BiancaMed Limited System is a sleep monitoring system
that includes an ECG device and a respiration inductancew
plethysmogram which monitor cardiac activity and physical
(ribcage) respiration respectively. The ionization treatment
device may also include contact and non-contact biomedical
- S€nsors such as any of the sensors described in United States
Patent Application Publication No. 2009—0203972, filed Nov.
26, 2008, the entire disclosure of which is incorporated-
herein by referénce. Such a non-contact monitoring sensor
may transmit and then process reflected radio frequency
signals received, such as ultrawideband radio-fréquency
signals, so as to detect bodily movement, respiration and/or
cardiac activities for aséessment of sleep  and sleep
transitions (e.g., asleep or awake detection) as well as
respiratory events (e.g., apnea, central apnea, obstructive
apnea, hypopnea, etc.).
[0071] In some embodiments, the diagnosis sensors may
include other movement seﬁsors. For example, a Suprasternal
notch sensor or chest band may be.implemented to generate a
movement signal that is indicative of patient effort during

respiration. Other suitable sensors may include the

19



WO 2014/082120 PCT/AU2013/001365

movement sensing devices disclosed in International Patent
Application No. PCT/AU1998/000358 (Pub. No. WOl998/052467),
the disclosure of which is .incorporated. herein.‘by cfoss—
reference. The movement sensors thus may provide a measure
of patient effort and/or respiration rate and may be used as

an alternative to a flow sensor or in conjunction with othér

Sensors in the determination of physiological
characteristics.
[0072] Based on sensor signals, such as flow f(t) and/or

pressure p(t) signals, the controller 104 with one oOr more
procéssors 114 may, 1in éddition to ionization control
signals, also generate blower control signals. For example,
the controller may generate a desired pressure set point and
servo-control the blower to meet the set point by comparing

the set point with the measured condition of the pressure
sensor. Thus, the controller 104 may makeb‘controlled
changes to the pressure delivered to the patient interface
by the blower 105. Optionally, such changes to pressure may
be implemented by controlling an exhaust with a mechanical
release valve (not shown) to increase or decrease the
exhaust while maintaining a relatively constant blower speed.
[0073] With such a controller or processor, the apparatus
can be used for many different pressure treatment therapieé,

such as the pressure treatments for sleep disordered
breathing, Chéyne—Stokes Respiration, obstructive sleep
apnea (e.g., CPAP (continuous positive airway pressure),

APAP (automatic positive airwéy pressure), Bi-Level CPAP,‘
CPAP with expiratory pressure relief), nasal high flow air
therapy (HFAT) etc., or combinations thereof by adjusting a
suitable pressure or flow delivery equation. In some
exampleé, an automated pressure adjustment therapy for sleep
disordered breéthing may be delivered by the methodologies

described in U.S. Patent Application ‘Publication No. US-
2011-0203588-a1, published on August 25, 2011, the entire
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disclosure of -which is incorporated by reference. By way of
further example, the Ppressure treatment therapiés of the
devices described in U.S. Patent Nos. 6,532,957, 6845,773
and 6,951,217, which are incorporated herein by reference in
their entireties, may be implemented with the ionization
therapy device 100 of the present technology. For example,
as described 1in these patents, the controller‘ and flow
generator may be <configured to ensure delivery of a
- specified or substantially specified target ventilation, for
éxample, a minute ventilation, a gross alveolar ventiiation
or an alveolar ventilation, to the patient interface during
‘the course of a treatment session by compéring an measure of
‘ventilation with the tafget Ventilation; or delivefy of a
tidal volume by comparing a measure of tidal volume with a
target tidal volume. This may be accomplished with pressure
variations that provide a bilevel form of therapy or some
other form of ‘therapy that may more smoothly replicate
changes in a patient's respiration cyéle.
[0074] Accordingly, the signals fiom the sensors may be
sent to the controller 104. Optional analog-to-digital (A/D)
con&erters/samplers (not shown separately) may be utilized
in the event that supplied signals from the sensors are not
in digital form and the controller is a digital controller.
Based on the signals from the sensor(s), the controller
assesses the changing condition of the patient or user in
controlling the settings of the device. |
[0075] The controller may optionally include a display
device 116 such as one or more warning lights (e.g., oﬁe of
more light emitting diodes). The display device may also be
implemented as a display screen such as an LCD. Activation
of the display device 116 will typically be controlled by
the controller. The display‘device may be implemented to
visually show. information to a wuser of the ionization

therapy device 100 or a clinician or physician, such as
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historic _profiles of time verses ionization level graphs
from one or more treatment sessions, or manual settings to
be ente;ed as data to the controller for setting such
profiles. The display device 116 may also show a graphic
user interface for operation.of the device. User, clinician
or physician control of the operation of the ionization
therapy device 100 may be based on operation of input
switches 118 that may be sensed by the controller or
processor. _
[0076] | Optionally, the <controller may also include a
communications device 120 for receiving and/or transmitting
data with ionization therapy device 100. For example, the
communications device may be a wireless transceiver such as
Bluetooth or WIFI transceiver. The communications device
may also be a netWork,éommunications device such as a phone
modem and/or network card and may be implemented to send
messages via the internet directly or thrOUgH a Eomputer to
which the detection device may be docked. In genéral, the
communications device 120 may be used to transmit messages
or data to other clinician or physician assessable apparatus
such as a multi-patient monitoring system that allows a
physician to review data from the ionization therapy device
100 serving as a remote patient data recording devices. In
. these systems, a database may be provided to record historic
ionization data, such as the profiles provided and the
levels of ionization provided over time with the device.
éﬁch data may be provided in association with data
representing timing of other detected physiologipal
characteristics (e.g., respiratory events or sleep state) as
described in more detail herein. Physicians or clinicians
may receive a report with such use and event data recorded
by ionization therapy device 100. _
[0077] One example methodology or aigorithm of the

controller 104, or one or more processors, of the ionization
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therapy device 1QO is illustrated in the flow chart of FIG.
2. In process 200, the ionization therapy device 100 may
generate a pressurized flow of breathable gas. The
pressurized flow of breathable gas may also be directed to a
patient interface for delivery to a patient. Aé previously
mentioned, the processor may servo-control the flow
generator to delivgr & pressure support treatment that
satisfies a target ventilation, for example. Optionally,
such a treatment may encompass a positive airway pressure
treatment (e.g., a CPAP or bi-level) to treat upper airway
issues so as to treat sleep disordered breathing.
[0078j During at least some portion or portions of such a
" flow or pressuré treatmeht control process, in process 202,
the ionization therapy device 100 will ionize the flow of
breathable gas to a set level of ionization. For example,
based on one or more signals from the controller 104, the
ionizer 101 will produce negatively charged gas ions within
the pressurized flow of bréathablé gas producéd by the
blower, thus producing an_ionized flow of breathable gas.
[0079] Based on ‘the control algorithms implemented in the
controller 104, the ionization therapy device will then
control changes to the level of ionization of the breathable
qas in process 204. For example, the controller may be
configured to adjust ,the level of ionization so as to
promote sleep. In one such example, the contfoller may
implement a therapy session (e.g., a sleep périod or night
of use with the device) so as to 'provide a level of
ionization during the beginning of the therapy session or
while the user or patient is likely to be awake but change
the ionization production level thereafter (e.g., increase,
reduce or cease) when the user or patient>is likely to be
asleep. Such a control methodology may be programmatically

implemented in various ways.
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[0080] In one example, the controller may implement a
timed wake period, snch as with a timer or countdown timer
or other event detection, that begins with the start of the
pressure or flow treatment process of the ionization therapy
device 100. Optionally, such a timed wake period may begin
with activation of a user interface control (e.g.) an
ionization start button) by a user desiring to go to sleep
or back to sleep. Still further, it may begin- as a function
of detected enents such as events detectable from one or
more signals of one or more sensors of the ionization
thefapy device 100, such as an intelligent start feature.
In such a case, the controller of the treatment apparatus
may be configured to detect a pressure or flow change at the
patient interface by analysis (e.qg., comparison of a measure
from a signal with a threshold) of a signal from a pressure
or flow sensor so as to detect when a patient initially
breaths into the patient interface after putting it on their
face. Upon such a detection, the controller may activate
the ionizer to begin ionization at a pre-set level.

[0081] During the timed wake period, the ionization level
may be delivered~at a” first level, e.g., an initially high
level. For examplé, the_ionizer may be controlled such that
all production elements are operating and produoing at full
capacity. When the timed wake pefiod‘ends, the controller
may then adjust a setting of the ionization level. For
example, when a pre-set time of the timed wake perlod lapses
(e.g., a timer of the controller reaches a pre-set threshold
or a countdown timer reaches zero), the. controller may then
automatically change the ionization level (e.g., reduce the
ionization level to a second different level or
automatically discontinue the ionization level or begin an
oscillation of ionization levels). For example, the
controller may deactivate a subset of the production

elements of the ionizer while leaving others aotive and/or
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may reduce a voltage level of some or all of the productibn
‘elements such that fewer ions are produced.

[0082] The duration (e.g., the amount of time) of the
timed wake period and/or the ionization settings (e.g., the
first level (e.g., 100% production) during the timed wake
period and second level (e.g., 25% production) after the
timed wake period)- may be pre-set by a <clinician or
physician. Typically, the duration of the timéd wake period
may be a time during which it takes a patient or user to
fall asleep once the use of the device is initiated. In
some such cases, the duration may be a time in the range of
approximately 30 minutes to 60 minutes, or some other
suitable time.

[0083] In some cases, the end of or the duration of the
timed wake period may be a function of detected events such
as events detectable by the controller from one or more
signals of one or ‘more éensors of the ionization therapy
device 100. For example, the end of the timed wake period
may be based on a detection of one or more patient
'respirafory cycles. For example, the duration may be a
respiratory cycle count determined by signal analysis of a
signal from a sensor. In some such cases, by analysis of a
signal from a flow or pressure sensor, the controller may
detect patient or user inspiration (e.g., aﬁy known cycle
detection methodology). A  number of such detected
inspiratory cycle events may be counted beginning with the
start of the timed wake period. When the counted number
reaches a pre-set threshold number, the controller may then
end the timed wake period and adjust the setting of the
ionization level generated by the ionizer (e.g., increase,
oscillate, reduce or stop). In some such cases, the
duration may be a count in the range of approximately -360

cycles to 720 cycles, or some other suitable cycle count.
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[0084] In some cases, the detected end of the timed wake
period may be another analysis of respiration. For example,
by analysis of a signal from a sensor, such as a flow sensor,
effort sensor or other non-contact sensor, the controller
may determine a respiratory rate. When the respiratory rate
falls below a pre-set threshold rate, such as one indicative
of sleep, and;.optionally, étays below that rate for a pre-
set period of time (e.g., approximately 5 to 10 minutes),
the timed wake up period. may be ended by the controller and
the controller may then change the setting of the ionizer
(e.g., lower or cease the level of ionization). In some
cases, the threshold respiratory rate may be automatically
determined. For example, the controller may determine an
average respiratory rate during an initial period of use
(e.g.,‘approximately 2-5 minutes) of the device, which may
then be ‘taken as the threshold rate for the change in
ionization.

[0085] In some examples, the timed wake period may be
established based on a detection of a sleep state by the
controller. For example, any known method for sleep
detection, arousal detection or sleep state detection may be
employed with any sensors coupled wifh the controller of the
device. Such detection methodologiesv may include, for
example, the detection methodologies described in United
States Patent Application Publication No. 2009-0203972,
filed Nov. 26, 2008, the entire disclosure of which 1is
incorporated herein by reference. Additional examples of
such detection methodologies are described in U.S. Patent
Application No. 13/383,341, filed on Jan. 10, 2012, the
entire disclosure of which is incorporated herein by
reference. 1In some such examples, the timed wake period may
be initiated or re-initiated upon detection of arousal from
sleep or an awake sleep state. Similarly, the timed wake

period may end upon detection of a sleep state (e.g., REM or
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a stage of non-REM sleep) by the controller. Fer example
the 1level of ionization may be reduced or ended wupon
detection of a deep sleep state, such as stage 3>or 4 ‘Non-
REM eleep, and/or upon detection of REM sleep. The level of
ionization may be increased or recommenced upon‘detection of
an awake state and/or a light sleep stage, such as stage 1

Non-REM sleep state end/or a stage 2 Non-REM sleep.

[0086] In some cases, the provision of ionized gas may be
controlled in accordance with additional detected
physiological events or conditions. For example, in

response to an anelysis of a signal froﬁ an oximeter, the
controller may activete or deactivate the ionizer or raise
or lower the level of ionization dﬁring control of a
pressure/flow respiratory treatment. In some such cases, an
analysis of a blood oxygen level, sueh’ as based on a
-comparison of a threshold, may serve as a trigger to the
controller to change the set level of ionization provided by
the ionizer. For example, if the blooa oxygen leyel falls
below a threshold, the controller may initiate or 1increase
the set levei of ionization. Such an ionization level may
be delivered for a pre-set period of time. By way of
further example, if the blood oxXygen level riees above a
threshold the controller may terminate or decrease the set °
level of ionization provided by the ionizer. Such a test
may also serve to terminate any of the periods‘of ionization
treatment described herein.

[0087] Similarly, the controller may be configured to
detect events of sleep disordered breathing (SDB) including,
for example, apnea, hypopnea and/or hypoventilation, such as
by an analysis of a signal from a flow sensor. Examples of
such detection methodologies are disclosed in U.S. Patent
Application No. 12/781,070, filed on May 17, 2010 and PCT
Patent Application No. PCT/AU2012/000270, filed on ‘Mar. 15,

2012, the entire disclosures of which are 4dincorporated
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herein by reference. 1In respeonse thereto, or in response to
detection of a pre-set  number of sucﬁ events of SDB, the
controller may similarly control an increase in the level of
ionization, or start ionization, for a period of time.
[0088] In some caées, an analysis of a signal from the
flow and/or pressure sensor may serve to deactivate
operation of the ionizer. For example, ‘by comparing a
pressure signal with a threshold, it may be determined that
a low pressure condition exists such that the patient
interface or mask is no longer being worn by the'user or
patient. - In such a detected case, the controller may
aeactivate the ionizer. / Similarly, if the controller no
longer detects a patient‘respiratory cycle after a period of
time, such as from an analysis of a flow signal from a flow
sensor, the controller may similarly deactivate the ionizer.
[0089] To ensure a limited operation of the iconizer, in
soﬁe examples, the controller may additionally enforce a
safety maximum use limit that may override the controlled
timed wake period or other controlled activation of the
ionizer. For example, while the ionizer may be controlled
~to provide an ionized gas treatment at certain.levels and do
SO0 1in accordance witﬁrdetecfed events from an analysis of
signals from one or more sensors or initiation by a user
activated button, the controller méy further monitor the
time of operation and/or the levels of operation of the.
ionizer. If the ionizerwexceeds any pre-set maximum safety
time limit of operation or pre-set maximum time at certain
levels of ionization during some treatment period (e.g., one
nights . use) with the device, the controller may
automatically shut down the ionizer and automatically
prevent any further or continued operation -of the ionizer
until a pre-set shut down time limit has passed (e.g., a
périod of 12 hours Has lapsed/ etc.). In the évent of such

a shutdown by the controller, the controller of the flow
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generator may nevertheless continue Operation so as to
continue to control the blower to provide a flow or pressure
respiratory treatment to a patient or wuser but doing so
without permitting the ionization of the breathable gas by
the ionizer.

[0090] A signal graph illustrating an example controlled
operation of the ionizer‘of an ionization therapy device 100
is illustrated in FIG. 3. At time TO, an operation of the
ionization therapy device 100 may begin, such as the device
.producing a pressurized breathable gas from the blower
and/or detecting conditions with_ one Or more sensors.
During this time, the ionizer 101 may be deactivated by the
controller or, as illustrated, the ionizer may be activated
at an initial low level. At time Tl, the controller may
increase (or initiate) ionization such as by increasing the
ionization level. This may correspond to ‘the start of a
timed wake period or other detected condition as/previously
discussed for initiating or increasing ionization. The
controller may then continue to control the ionizer to
operate at an ionization level (e.g., a maximum‘level) until
time T2. Time T2 may correspond to an end of the timed wake
.period or another detected condition as previbusly discussed
for reducing the ionization level. At this time, the
controller may gradually change'the ionizétion level, such
as by ramping down the ionization level to a lower level at
time T3, the lower ionization level at time T3 may or .may
not be the same as the ionization level provided during time
TO. The controller may then continue to operate the ionizer
at the lower level until time T4, which may correspond with
an end of a treatment session with the device, such as the
end of the night, or the controller determining that the
safety maximum use 1limit has been reached. Although a
smooth ramping of the ionization level is illustrated

between times T1 and T2, and a single step is illustrated
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 between times TO and T1, the controller may optionally be
configured to control each , of these changes to the
ionization levels, as well as other such changes described
herein, in a plurality of steps. Also thé change from times.
TO to Tl may include a ramping up to a predetermined level
of ionization rather than a single step increase to the time
Tl level of idnization as indicated in Fig. 3.
[0091] A  further signal / graph illustrating another
example controlled operation of the ionizer is illustrateq
in FIG. 4. The graph illustrates a controlled oscillation
of the level of ionization by the controlier. In this
example, sinusoidal pulses of the ionization level may be
controlled. However, other va:iatioﬁs of the ionization
levels may be implemented, e.g;, square wave pulses, etc.
In such cases, the ionization oscillation may vary between a
higher ionization level and a lower ionizatibn level. As a-
result; the controller may vary the levels over a time
period, such as a hight's treatment session. Alterﬁatively,
the oscillation may vary between an ibnization level at the
pulse peak and no ionization (e.g;, ion generator - off) at

. the pulse ' trough. Such pulses may be initiated upon
completion of the timed wake period. . The period for each

wave may be set based on any desired timing for puléing the

ionization level. In some cases, the pulses .may be
~generated synchronously with detected respiration. For
éxample, the level of ionization may increase during

inspiration (e.g. to a first ionization level) and decrease
during expiration (e.g., to a second ionization level or
alternatively, may be turned off so as to provide no
ionization level during expiration. In such cases, the
controller may detect inspiration by anglysis of a signal
“from a flow sensor and trigger the increase in level of
ionization in response thereto and may detect expiration by

analysis of the signal and decrease the level of ionization
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in response thereto. 1In still further cases, the pulses may
be out-of-synch with patient respiratibn. For example, a
pulse may extend over several breathing cycles (e.g., a peak
ionization level that extends longer than a single breathing
cycle or two or more cycles). .
[0092] In some configurations, the ionization therapy
device 100 may be implemented with multiple ionizers 101
_located in different portions iof the breathable gas flow
path FP of the device. The ionization therapy device 100
may. include an array of ion generators for example 2, 3, 4
or more ion generators that may be controlled to ionize the
flow: of breathable gas at "the same time or separately
according to different profiles. One such example is
illustrated -in Fig. 5. The figﬁre illustrates symbolically
‘the flow path (FP) of the ionizatién therapy device 100. 1In
this regard, ionization therapy device 100 may have
components similar to that of the device illustrated in Fig.
1. Ambient air may be drawn in by the servo-controlled
blower 105 through an inlet that may include an optional
filter 520, such as a particulate air filter or High-
Efficiency Particulate Air (HEPA) . filter,. to Tremove
particles from the air so as to clean the air. The blower
105 may then expel pressurized air into the path of a first
ionizef 101-A that is.also controlled by a controller (not
shown) . The ionized air may then pass through or across a
ground element 522, such as a grounded filter or electret
filter. Any remainiﬁg pollutants or contaminants in the air
that are charged by the ionizer 101-A may then be captured
by the ground element 522 so as to purify the air and
thereby prevent charged contaminants from entering the user
or patient's respiratory system. In some cases, .the
charging by the ionizer destroys light bodies,  such as
bacteria or viruses, which are then captured by the ground

element filter (e.g., anode or cathode) . The ground element
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may be an array, grid or mesh filter that may be removable
for maintenance (e.g., routine washing to remove captured
particles.) Optionally, the cleaned and purified ionized
air may then pass through a humidifier 524 to warm and
humidify the air. 1In some cases, the ground element 522 may
be integrated with the humidifier, such that a component of
the Thumidifier serves as the ground element. The
pressurized humidified ionized cleaned/purified air may then
pass through ﬁhe delivery tube 110 toward the mask or othef
patient respiratory interface. Optionally, the flow of
humidified c¢leaned ionized air may  pass through a
supplemental or secondary ionizer, €.9., lonizer 101-B, that
may be located near or within the mask or patient interface
108.. Such a supplemental ionizer,, being more proximate to
the user, may help to ensure that the gas is charged‘(e.g.,
negatively) for patient inhalation.

[0093] In some 'cases, the delivery conduit or delivery
tube 110 of a flow generator may be configured to promote
flow of charged gas for patient inhalation (e.g., reduce
flow impedance) and may thereby help to permit charged air
-to be inhaled by the wuser/patient. For example, the
material of the conduit may be chosen so that its flow
surface (e.g., interior conduit wall) may have a shear to
repel the charged treatment gas. For example the walls of
the conduit may be formed of a material that has a charge
the same as the charged treatment gas to repel the charged
treatment gas and reduce resistance through thé conduit. In
the case of anion gas therapy, the conduit may be formed of
a material having a negative charged state. For example,
the delivery conduit may be formed  of polyurethane,
polyethylene, polypropylene,_ vinyl (pvc), silicon, teflon
and/or silicone such as silicone rubber.

[0094] The use of material forming charged walls of the

conduit also prevents the walls of the conduit from having
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the charged treatment gas from attaching or grounding upon
the walls of the conduit. This arrangement may enable the
secondary ionizer 101-B to be located closer to the flow
generator, such as at the flow generator end of the conduit.
[0095] Still' furthef, in some cases, the delivery
conduit may employ one or more elements to more actively
charge the conduit to repel the charged gas from attaching
to the walls of the conduit for a reduced flow impedance.
For example, for an anion gas therapy, the delivery tube 110,
such as the example illustrated.in Fig. 7, may employ one or
more tube sheet anodés 711, such as anodes formed
cylindrically around an exterior or interior of the delivery
conduit surface. Such tube sheet anodes may be positioned
in series along the tube length to negatively vcharge the
conduit surface of the flow path.

‘[0096] In all other aspects the device 100 illustrated in
Fig. 7 is similar to that shown in Fig. 5. The device may
inciude ‘an optional filter 520, a blower 105 and a first
ionizer 101-A that are controlied by a controller (not
showg), a ground element 522, such as a grounded filter or
electret filter and optionaliy a humidifier 524 to warm and
humidify the air. In some cases, the ground element 522 may
be integrated with the humidifier as described above. The
éressurized humidified ionized cleaned/purified éir may then
pass through the delivery tube 110 comprising the one or
more tube sheet anodes 711 toward the mask or other patient -
respiratory interface. Optionally, the flow of humidified
cleaned ionized air may 'pass through a supplementél or
secondary ionizer, €e.g., 1ionizer 101-B, that may be located
near or within thgnmask or patient interface 108.

[0097] As previously mentioned, the ioﬁization therap?
device 100 can be configured to generate a respiratory flow
Or pressure treatment toward or in a patient respiratory

interface in many different therapy forms (e.g. high flow
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treatment, CPAP, Bi-level pressure treatment, .etc.). In
some such cases, it may do so without a blower. For example,

one or more ion generators may serve as a solid-state flow
generator (FG) to propel a flow of breathable gas. In such
a case, the controller may control operation of the ion
generator(s) to regulate or control (e.g., 1increase or
decrease) a level of fiow or pressure of gas induced by
ionization of the gas at or near theuanodes or cathodes of
the 1ion generator. As such, the flow generator of a
respiratory apparatus méy be implemented substantially
without moving components. Moreover, the power consumption
of such a device may be generally lower than power consumed
for a typical blower (e.g., motor and impeller) implemented
flow generator. For example, such a device when implemented
for a high flow air therapy (HFAT) may have a much lower
power consumﬁtion compared to a typical blower-implemented
flow generator. Similarly, such a device when implemented
for a continuous positive airway pressure (CPAP) may have a
better/lower power consumption when compared to a typical
blower-implemented flow generator. Generally, when compared
to traditional blower.control circuit configurations, such
power donsumption reductions for ‘the solid state flow
generators may be achieved through significantly lower
current use circuits, though with potentially higher voltage
usé. The lower power consumption may include a reduction in
powér consumption of more than 50%, 60%, 70%, 80% or 90% of
the power usage compared to a typical blower implemented
flow generator. |

[0098] In some cases, the ionization therapy device may
be configured to be portable, for instance‘suitable to be
worn or carried by the patient. Since the ionization
therapy device may consume lower power than traditional
blower-implemented flow generator, it may be particularly

suited for a portable configuration. In one arrangement of
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a portable configuration, the ionization therapy device may
include a disposable ground_element. In one arrangement, the
disposable ground element may be integrally constructed with
a delivery tube to form a disposable delivery tube.
Alternatively, the disposable ground , element may be
removable from the ionization therapy device, such as
removable from the delivery tube, or removable from the body
of the ionization therapy device, so that the disposable
ground element may be replaced as required;

[0099] Over the course of operation of the ionization
therapy device, particulates or contaminants may accumnlate
on the disposable element/component and necessitate
replacement at periodic interval. In some forms, the
ionization therapy device may include an indicator Htp
improve identification of a disposable coﬁponent that is due
for replacement, such as the disposable Jround element or
the disposable delivery tube. One such indicator may include
a color element to increase contrast between conditions of
disposable components, (e.qg., between a 'new' condition.and
a 'to be replaced' condition for the disposable component.
For example, the disposable ground element may. include an
indicator surface that 1is visible to the patient or the
carégiver that is colored in a bright.color such as yellow.
Over the course of operation of the ionization therapy
device, ' accumulation of particulates on the indicatqr
sufface“may change 1its appearance to indicate that the
disposable ground element is due for replacement. The
ionization therapy device may also comprise a color
lreference guide in some cases for the patient to use for
comparison to the indicator surface. Alternatively, the
indicator may include a light sensor configured to determine
the condition of the disposable component. In one form, the
light sensor may be configu;ed to receive light frnm a light

source that is reflected from a surface of the disposable
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element. The magnitude or quality of light received by the
light sensor may vary according to the condition of the
disposable component. In one arrangement, as the disposable
component, such as the disposable ground element, collects
contaminants, the amount of light captured by the 1light
sensor may decrease, and this may be indicated by a decrease

in the lux level of light captured by the light sensor. In

another arrangement, the light capturéd by the light sensor

may change in ceclor, such as from a red light captured from
a 'new' ground element, to a predominantly dull white light
captured from a 'to be replacéd' ground element. In such
arrangements, tHeAlight sensor may be configured to output a
signal indicating the amount of light captured and/or the
condition of the disposable component. A controller may also
be configured in conjunction to receive the signal from the
light sensor and indicate to the patient that the disposable
component may require'replacement.

[00100] Optionally, in some cases a reminder of the need
for replacement of the disposable component may be presehted
on a display\(e.g., LCD) of the respiratory apparatus. For
example, a visible message may be presented for a user to
indicate that a ground element sHould be replaced. = Such a
message may be triggered by a processor of the apparatus,
such as by timing use of the flow generator (or timing use
of an ionizer(s)) with a timer or count down timer and
triggering the reminder after a lapse of a predetermined
amount of time. Such a timer may be manually reset by the
user upon installation of the replacement component. In
some cases, the reset may be triggered automatically by the
respiratory apparatus upon detection of the replacement part
(e.g., ground element). For example, the apparatus may
detect the installation by detection of an identification
tag such as a radio frequency identification tag (RFID) of

the ground element. In some cases, the component may be
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detected by any of the identification technologies described
in U.S. Patent No. 7,913,689, the entire disclosure of which
is incorporated herein by cross reference. Optionally, the
presentatlon of the remlnder may also or alternatively be
triggered based on the evaluation involving the light sensor
as previously described.

[00101] FIG. 8 shows an example flow path of a flow
generator that may inciude a series of two or more ion
generators along the flow path as illustrated. Selective
activation - or deactivation of the ion generators may be
controlled to increase or decrease a flow of breathable gas
generated within the flow path. For example, .activation of
a single ion generator may propel a low flow or low pressure
level of breathable gas. B§ increasing the number of
activated generators along the path, which can permit a
‘pressure lock between each consecutive generator of the path,
the flow (and thus, the pressure) propulsion may increase so
as to implement a cascade acceleration effect. '
[00102] As illustrated the device 100 of Fig. 8 may also
_include one or more of an optional filter 520, ground
element 522, humidifier 524, tube sheet anodes 711 and/or a
Vsecondary ionizer 101-B in a similar arrangement to that.
described above in relation to Figs. 5 and/or 7. The device
is configured  to deliver the supply of pressurized,
optionally humidified, ionized gas to a mask or patient
interface 108.

[00103] The ion generatofs may be coupled to heating
elements to provide heated ionized air to the user. The
-heating elements and ion generators may be surrounded by a
wicking material that is configured to hold a supply of
water that is humidified by the heating elements resulting
in the supply of a humidified heated ionized flow of air to
the user. The wick and heating elements may be in the form

of heating strips as deéscribed in United States Patent
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Application Publication No. 2010/0206308, filed Jan. 10,
2010, the entire disclosure of which is incorporated herein
by reference. ' .

[00104] Control of the ion generators for such flow and/or
pressure generatioﬁ may be in a closed or open loop control
configuration. For example, the generated flow by
activation of the ion generator(s) may be responsive to
measured system or patient characteristics from one or more
sensor (s) 890, such as any of the sensors previously
mentioned or for example, flow and/or pressure sensors in a
control loop utilizing flow and/or pressure measures. In
some such cases, the number of ion generator activations by
a controller 888 may increase or decrease until a measured
characteristic (e.g., a measured flow signal or meaéured
pressure signal) meets a target (e.g., set or desired target
flow value or pressure value). Changes to such flow or
pressure may be made in accordance with any known flow br
pressure treatment control scheme based on detected patient
.characteristics such as from an analysis of a patient
reSpiratory flow signal. In some of these examples, the
fléw generator may selectively produce varying levels of
flow or pressure by selectively activating different numbers
of ion .generators. However, in some implementations, the
flow propulsion to a respiratory interface that is generated
from the grbup of ion generators may be varied by wvarying
an exhaust area, such as with an électro—mechanical exhaust
vent or valve of the flow generator or respiratory interface,
while maintaining the activation of the ion generators to be
relatively constant.

[00105] Some example series implemehtatioﬂs are
illustrated in the ionization flow generators of Figs. 9a,
9b and 10. In Fig. 9a; sets of carbon fiber brush ionizers
101-CF may serve as a flow generator (FG) . According to

another instance of the present technology, each darbpn
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fiber brush ionizer 101-CF may be further matched to a
correspbnding ground plane 101-GP such as that shown in Fig.
9b. In this arrangement, the direction between the carbon
fibér brush ionizer 101—Cf and the corresponding ground
plane 101-GP may define the direction of ionization. This
arrangement -may allow for improved consistency in the
direction of ionization allowing improved control of ‘the
direction of propulsion of ionized air. .
[00106j Preferably, the ground plane 10lfGP is
sufficiently close to the corresponding ionizer, such . as
101-CF, to allow ionization to occur. Conversely, the
ground plane 101-GP - should be sufficiently far from any
other ionizers 101-CF in order to pPrevent any - unwanted
ionization from occurring between any other pairs of ground
planes and ionizers. One example of a suitable arrangement
of a ground plane 101-GP may be a conductive plate, for
example made of a ferrous metal,‘although other materials
and arrangements may be suitable. In some cases, the ground
plane 101-GP may be cohnected‘to, or integrally formed wifh,
a metallic component of the flow genefator FG suéh as the
housing. _
[00107] In Fig. 10, sets of honeycomb ionizers 101—HC.may
'serve as a flow generator (FG). By selectively increasing
the number of ionizers that are activated in the flow
VCOhduit, such as by a controller, an increase in flow in the
flow path (FP) may be induced. In -some cases, the fiber
brushes or héneycomb ionizers 101-HC may be formed within or
along a flow path, such as a conduit 1010. For example, as
illustraﬁed. in Fig. 9a an initial set of brushes may be
. grouped SO as to_surrouhd a flow péth through which a flow
of air may be generated. Additional sets may then 'be
serially configured further up the -flow path in the
.direction of the arrow of flow path (FP). In the example of

Fig. 10 individual honeycomb cells are serially aligned
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along the flow path. However, in some cases, each such cell
may be formed by a honeycomb array of ionizer cells through
which the flow of ionized air may be generated.

[00108] In the ionizer/flow generator examples of Figs.
11-14, a series of ionizers may be formed in a grid or sheet
configuration with a helical or spiral flow configuration.
Such a configuration may permiﬁ extending of the flow path
length for flow acceleration via multiple ionizers while
minimizing layout space. For instance, each ionizer 101 may
have its'cathode and anode arranged‘to accelerate the flow
of breathable gas in a particular direction, such as the
direction of ionization. For example, as illustrated in Fig.
11, one or more ioconizer sheets 1101, with flow passages
thére through for a pluralityl of ionizers 101, may be
coupled between first and second. flow structures, such as
flow blocks 110371, 1103-2. The flow blocks may employ
conduits or ﬁlow‘paths to route flow sequentially through
the plurality of ionizers of the ionizer sheet 1101. For
example, the flow conduits or paths of the first and second
flow structures may be combined on opposing sides of the
ionizer sheet 1101 as illustrated in Fig. 12 so as to form a
helical or spiral flow path (FP) sequentially through each
of the ionizers 101. Although the ionizer sheet 1101 1is
illustrated as a discrete component, in some examples one or
more may be integrated with either or both of the block
structures, such as on a surface thereof such as in the
example of-Figs. 13A, 13B 14A and 14B. Similarly, in some °
cases, 1ionizers may be located spirally, rathef than in a
common plane. of the sheet, along a spiral or helical flow
path. Moreover, although the Thelical flow path is
illustrated with block structures, it will be understood
that such pathways may be - implemented with simple conduits
or tubes ﬁaking the appropriate series of connections with

the ionizers.
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[00109] In another arrangement according to the present
technology, ionizers may be used in a delivery conduit which
comprises multiple tubes, such as a dual-limb air delivery
conduit shown in Fig. 15. The air delivery circuit shown in
Fig. 15 includes an inspiratory limb 1510 comprising carbon
fiber brush ionizers 101-CF arranged in one orientatiBn, and
an expiratory 1limb 1520 comprising carbon fiber brush
ionizers 10i—CF arranged in the opposite orientation. The.
carbon fiber brush ionizers may be arranged to propel the
inspiratory flow or the expiratory flow along a desired
direction.
[00110] in a yet another arrangement, ionizers may be used
in an air delivery conduit which comprises multiple channels
in a tube as shown in Fig. 16a-18. Fig. 16a and Fig. 16b
show an arrangement of the conduit formed as a tube 1610
with a divider DIV. In some cases, the divider DIV may be
inserted to sealingly engage with the tubéll610 to create
' two or more channels, such as an inspiratory channel 1620
and an expiratory channel 1630. In other cases, the divider
DIV may be integrally formed with the tube 1610 
- [00111] The inspiratory channel 1620 and/or the expifatory
‘channel 1630 may comprise a set of ionizers, such as carbon
fiber ionizers 101-CF as shown in Fig. 16a and 16b. The
ionizers 101-CF may be configured to accelerate the flow of
gas in the desired direction as previgusly deééribed.
According to some arrangements, the divider DIV may be
configured as a ground element, or a part thereof, for the
inspiratory channel 1620 and/or the expiratory channel 1630.
This may be potentially advantageous by reducing complexity
of the device, and potentially also reauce manufacturing
costs. In some cases, the divider DIV may be removably
'cdupled to the tube 1610 to facilitate maintenance as

described above.
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[00112] Fig. 17 shows an arrangement according to the
present technology where the divider DIV is arranged
helically in a cylindrical delivery tube 110. 1In this
arrangement, the ibnizers such as carbon fiber brush
ionizers 101-CF may be configured along’ the walls, and
arranged in concert with the helical divider DIV to form a
volute which may further increase flow velocity, for
instance by wusing the helical divider DIV as a ground
element or a part thereof.

[00113] Iﬁ should also be understood that the number of
delivery conduits or channéls, as well as their flow
directions, may be varied while taking advantage of the
present technoldgy. For insténce, the air delivery conduit
and dividef arrangement shown in Fig. 17 may be used to
provide a flow of breathable gas travelling in only one
direction, if so desired. | |

[00114] In some cases, the flow generator FG_may further
comprise a'humidifier; According to one arrangement, the
flow génerator FG may further comprise a wick to humidify
the inspiratory flow. The divider may be arranged to
incorporate one or more wicking strips and ancillary
components, for example similar to those described in PCT
Application publication numbér WO0/2009/015410, the entire
contents of which is .incérporéted herein by  reference.
Additionally, such a delivery conduit may be arranged to
incorporate the ionizers in any number of arrangements. For
instance,. as shown in Fig.‘18, the ionizers4101—CF may be
arranged on both sides of a divider DIV, and the tube 1810
may be used as the ground element. In another example, a
part or the entirety of the divider DIV may also include an
exchanger for heat and/or moisture, for example as disclosed
in PCT Application number PCT/AU2012/001382, the entire

contents of which is incorporated herein by reference.
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[00115] While the solid state ionizer flow embodiments
described herein may be suitable for generation of a flow of
ionized air for an ionized air therapy to be delivered to
the respiratory system of a patiént or user, in some
embodiments the iomwized airflow generaﬁed may be neutralized
for delivery to a patient or user substantially without an
ion therapy. For example, g' ground element or other
neutralizihg element may be implemented at or following the
flow output end of the ion flow generator to deionize the
breathable gas. For example, in a case of an anion flow
~generator, one or more cathodes at the end of the series of
anion generators may be included to neutralize the air for
patient or user inhalation. Thus, the solid state ion flow
generator may be implemented for a pressure or flow
treatment to a patient or user without providing significant
ionized air therapy to the patient or user.

[00116] Example SystemIArchitecture B
[0100] An example system architecture of a controller
suitable for implementing the present pressure/flow and/or
ionization‘ therapy techﬁology is illustrated in the block
diagram of FIG. 6.. In the illustration, the controller 601
for the ionization therapy device 100 may include one or
more processors 608. The device may also include a display
interface 610 to output pressure, event and/or ionization
graphs (e.g., respiratory event vs. time curves, flow and/or
pressure vs. time curves or ionization level vs. time
curves, such as those as illustrated in Figs. 3 and 4 or the
like, etc.) as described herein such as on a monitor or LCD
panel. A user control/input interface 612, for example, for
a keyboard, touch panel, control buttons, mouse etc. may
also Dbe provided to activate or modify the control
paraméiers or settings for the methodologies described
herein. For example, these may be utilized for entering

settings for ionization periods and ionization levels,
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safety limits, etc., and/or for activation of the initiation
of one or more timed wake periods when a patient or user’
deems it necessary to fall or reﬁurn to sleep' during a
session with the device. The device may also include a
sensor or data interface 614, such as a bus, for
receiving/transmitting data such as programming
instructions, flow data, ionization data, pressure data,
settings for ionization level modulation etc. The device
may also typicaliy include memory/data storage 620
components containing control instructiohs of the
aforementioned methodologies (é.g., FIGS. 2-4) . These may
-include processor control instructions for sensor signal
processing' (e.g.,. physiological characteristic detection
(e.qg., cycle detection, respiratory phase detection, sleep
detection, arousal detection, sleep/awake state detection,
blood oxygen saturation detection, respiratory event
detection, apnea detection, hypopnea detection,
hypoventilation detection, etc.,) pre-processing methods,
filters, etc.) at 622 as discussed in more detail herein.
They may also include processor control instructions for
pressure/flow control and modulation (e.g., pressure
adjustment equations, functions, and logic, trigger
thresholds, event thresholds, etc.).at 624. They may also
include processor control instructions for ionization
modulation (e.g., ionization level adjustment equations,
functions and logic, trigger thresholds, event thresholds,
ramp functions, change thresholds, timers; piming
thresholds, etc.) at 626. Finally, they may also include
stored data 628, such as historic wuse data, for these
. methodologies such as pressure data, flow data, ionization
data, sleep data, respiratory event data, functions, tables,
ionization settings, thresholds, timing periods, safety

limits, other settings, etc.)
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[0101] In some embediments, the processor control
instructions and data for controlling the above described
methodologies may be contaihed in a computer readable
. recording, medium as sOftWare-for use by a general purpose
computer so that the general purpose computer may serve asla
specific purpose computer according to any of the
methodologies discussed herein upon loading the software
into the general purpose computer. &
10102] The present technology advantageously provides a
device that provides a clean supply of air even in polluted
locations as the air 1is cleaned by the ionization and
filtering process. Furthermore, by further ionizing the air
supply clean, antiseptic and ion latching air can be
supplied to the user. Thus, the device may be used in
centaminated atmospheres to provide at least clean air
either with or without other therapies being provided. The
device may also provide a supply of clean air using a low
power consumption. ' ' |
. L
[0103] In the foregoing description . and in the
accompanying drawings, specific terminology, equations and
drawing symbols are set forth to provide a thorough
understanding of the present technology. In some instances,
the terminology and symbols may imply specific details that
are not required to practice the teehnology. For example,
although the terms "first" and "eecond" may be used herein,
unless otherwise specified, the language 'is not intended to
provide any specified order but merely to assist in
explaining distinct elements of the technology.
Furthermore, 'although process steps in the detection
methodologies have been illustrated in the figures in an
brder, such an ordering is not required. Those skilled in
the art will recognize that such ordering may be modified

and/or aspects therecf may be conducted in parallel or
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synchronously. Moreover, although the features déscribed
herein may be utilized indepehdently, various. combinations
thereof may be made in a respiratory pressure treatment
apparatus. Other wvariations can be'made without departing

with the spirit and scope of the technology.
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CLAIMS

1. A respiratory treatment apparatus for generating a
controlled éupply of ionized breathable gas comprising:

-a flow generator to generate a flow of breathable gas
at a pressure above atmospheric pressure, thée flow generator
adapted for connection with a patienf‘respiratory interface;

an ionizer to ionize the flow of breathable gas at a
level of jionization; and )

a controller, including a processor, the controller
coupled with the ionizer and the flow generator, the
controller configured to control the ionizer to
programmatically change the level of ionization of the
pressurized flow of breathable gas to set.the level to a

plurality of different ionization levels.

2. The apparatus of claim 1 wherein the controller is
configured to decrease the level of ionization over a period

of time.

3. The apparatus of either claim 1 or claim 2 wherein
the controller is configured to increase the level of

ionization over a period of time.

4. The apparatus of any one of claims 1 to 3 wherein
the controller is further configured to pulse the level of

ionization over a period of time.

5. The apparatus of any one of claims 1 to 4 wherein
the .controller is configured to decrease the level of

ionization after expiration of a wake period.
6. The apparatus of any one of claims 1 to 5 further

comprising a sensor coupled with the controller, the sensor

configured to detect a physiological characteristic, wherein
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the controller 1s configured to change the 1level  of
ionization based on the detection of the physiological”

characteristic.

7. The apparatus of claim 6 wherein the physiological

characteristic comprises detected sleep.

8. The apparatus of claim 6 wherein the controller is
‘configured to  adjust the 1level of ionization based on the

detection of a sleep state.

9. The apparatus of claim 8 wherein the level of
ionization is reduced based on the detection of a deep sleep

state and/or a rapid eye movement (REM) sleep state.

10. The apparatus of claim 6 wherein the physiological

characteristic comprises a detected respiratory event.

11. The apparatus of c¢laim 10 wherein the detected

respiratory. event comprises a detected inspiratory cycle.
A

12. The apparatus of any one of claims 1 to 10 wherein
the controller is further configured to turn on and turn off
the ionizer while continuing to control the flow generator
to generate the flow of breathable gas.

13. The apparatus of any of claims 1 to 12 further
comprising a filter to attract charged contaminants from the

ionized flow of breathable gas.

14. The apparatus of claim 13 wherein the filter is an

electret filter.
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15. The apparatus of any one of claims 1 to 13 wherein
the ionizer is located proximate to the flow generator and
the apparatus further comprising a secondary ionizer, the
secondary ionizer located proximate to the patient interface,

whereby the ionizer may promote cleaning of the
breéthable gas and secondary ionizer may promote inhalation

of ionized gas.

l6. The apparatus of any one of claims 1 to 15 further
comprising a humidifier, the humidifier having a gas flow
input’ in gas flow communication to a gas flow output of the

ionizer.

17. The apparatus of any one of claims 1 to 16 wherein
the ionizer comprises an array of ion generators and wherein
the controller is configured to selectively activate

different portiohs of the array.

18. The apparatus of any one of claims 1 to 17,
wherein the processor 1is configured to control the flow
generator to programmatically set the flow of breathable gas

at the pressure above atmospheric pressure.

19. The.apparatus of claim 18 wherein the controller
controls the flow of breathable gas to maintain a target

ventilation.

20. The apparatus of claim 18 wherein the controller
controls the flow of breathable gas to set the pressure
above atmospheric pressure to alleviate events of sleep

disordered breathing.

2l1. The apparatus of any one of claims 1 to 20 further

comprising an ion sensor to generate a signal indicative of
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a level of ionization of the ionized gas, wherein the
controller 1is configured to control the ionizer to change
the level of ionization based on a measure of ionization

from the ion sensor.

22. The apparatus of any one of claims 1 to 21 further
comprising a delivery conduit to couple between the flow
generator and patient respiratory interface, the deiivery
conduit having a material with a flow surface charge state

to repel the ionized breathable gas.

23. The apparatus of claim 22 wherein the delivery
conduit further comprises a charge element to set a charge
state of the delivery conduit to repel the ionized

-breathable gas.

24. A control method of a respiratory treatmeﬁt
apparatus for generating a controlled supply of ionized
breathablé gas, the control methéd compriéing:'-

generating with a flow generator a flow of breathable

- gas at a pressure above atmospheric pressure;

ionizing with an ionizer the flow of breathable gas at
a level of ionizatioﬁ; and

controlling, with a processor, a change‘to'the level of
ionization of .the flow of breathable gas to set the
ionization to a plurality of different ionization levels.

25. The method of claim 24 wherein the change to the
level of ionization is a decrease of the level of ionization

over a period of time.
26. The method of either claim 24 or claim 25 wherein

the change to the level of ionization is an increase of the

level of ionization over a period of time.
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27. The method of any one of claims 24 to 26 wherein
the. change to the level of ionization comprises pulsing of

the level of ionization over a period of time.

28. The method of any one of claims 24 to 27 wherein
the change to the level of ionization comprises a decrease

of the level of ionization after expiration of a wake period.

29. The method of any one of claim 24 to 28 further
comprising detecting with a sensor a physiological
characteristic, = wherein the éhange‘ to the level of
ionization is based on the detection of the physiological

characteristic.

30. The method of claim 29 wherein the physiological

characteristic comprises detected sleep.

31. The method of claim 29 wherein the change to the
level of ionization comprises adjusting the 1level . of

ionization based on the detection of a sleep state..

32. The method of claim 30 wherein the 1level of
ionization is reduced based on the detection of a deep sleep

state and/or Rapid Eye movement (REM) sleep state.

33. The method of claim 29 wherein the physiological

characteristic comprises a detected respiratory event.

34. The method of claim 33 wherein the detected

respiratory event comprises a detected inspiratory cycle.

35. The méthod of any one of claims 24 to 34 further

comprising turning on and turning off the ionizer while

N
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continuing to control the flow generator to generate the
flow of breathable gas.
r
36. The method of any of claims 24 to 35 further
comprising filtering the ionized flow of breathable gas to
attract charged contaminants from the ionized flow of

breathable gas.

37. The method of claim 36 wherein the filter is an

electret filter.

38. The methbd of any one of claims 24 to 37 wherein
the ionizing is performed proximate to the flow .generator
and secondary ionizing is performed proximate to a patient

interface.

39. The method of any one of claims 24 to 38 further

comprising humidifying the ionized breathable gas.

40. The method of any one of claims 24 to 39 wherein
the ' ionizer compfises an array of ion ;generators and
selectively activating different pgrtions of the array.

\41. The method of any one of’claims 24 to 40, wherein
the processor controls the flow generator to
programmatically set the flow of breathable gas at the

pressure above atmospheric pressure.

42. The method of claim 41 wherein the processor
controls the flow of breathable gas to maintain a target

ventilation.

43. The method of claim 41 wherein the processor

controls the flow of breathable gas to set the pressure
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above atmospheric pressure to alleviate events of sleep

disordered breathing.

.44. The method of any one of claims 24 to 43 further
comprising generating & signal. indicative of a level of
ionization of the ionized gas with an ion sensor, and
controlling, with the processor, the ionizer to change the
level of ionization based on a measure of ionization from

the ion sensor.

45, The method of any one of_claims 24 to 44 further
repelling the ionized breathable gas with a delivery conduit,
the ’delivery ~conduit adapted to 'couple between the flow
generator and a patient respiratory interface, the delivery
conduit having a material with a flow surface chafge state

to repel the ionized breathable gas.

46. The method of claim 45 further comprising charging
with a charging' element the delivery conduit, the charging
element to set a charge state of the delivery conduit to

repel the ionized breathable gas.

47, A sdlid state -flow generator of a respiratory
apparatus for generating a controlled supply of breathable
gas, the flow generator comprising: /

a set of ionizers' configured to propel a ‘flow of
breathable gas, the set of ionizérs configured with a flow
path adapted to couple with a user respiratory interface;
and

a controller coupled with the set of ionizers,v the
controller configured to selectively activate the ionizers

for propelling the flow of breathable gas.
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48. The flow generator of claim 47 wherein the set of
ionizers are arranged in a serial configuration in the flow
path and wherein the controller selectively activates an
increasing number of the ionizers to increase propulsion of

the flow of breathable gaS.

49. The flow generator of ahy one of claims 47 and 48
wherein the set of ionizers comprises an ionizer sheet.

50. The flow generator of any one of claims 47 to 49
wherein the flow path is helical and the set of ionizers are

arranged along a helical flow path.

51. The flow generator of any one of claims 47 to 50
further comprising a sensor,  wherein the controller >is
configured to activate a sub-set of the set of ionizers

based on a signal generated from the sensor.

52. The flow generator of ‘claim 51 wherein the sensor
is flow sensor, and wherein the controller is configured to
selectively activate a sub-set of the set of ionizers based

on a measure of flow from a signal from the flow sensor.

53. The flow generator of claim 51 wherein the sensor
is pressure sensor, and wperein the coht}oller'is configured
to selectively activate a sub-set of the set ‘of ionizers
based on a measure of pressure from a signal of the pressure

sensor.

54. The flow generaﬁor of any one of claims 47 to 53
further comprising a neutralizer, the neutralizer configured
to deionize the propelled flow of breathable gas of the flow
path. ‘
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55. The flow generator of any one of claims 47 to 54
wherein the set of ionizers comprises a plurality of carbon

fiber brush ion generators.

56. The flow generator of any one of claims 47 to 55
wherein the set of ionizers comprises a plurality - of

honeycomb cell ion generators.

57. The flow generator of any one of claims 47 to 56

wherein the flow path includes a divider.

58. The flow generator of claim 57 wherein the divider
separates two or more channels and wherein each channel

includes a set of ionizers.

59. The flow generator of claim 58, where the channels

comprise an inspiratory channel and an expiratory channel.

60. The flow generator of any one of claims 57 to 59
wherein the divider 1is arranged helically in a cylindrical

delivery tube.

61. The flow generator of any one 5f claims 57 to 60

wherein the divider is configured as a ground element.
62. The flow generator of any one of claims 57 to 61

wherein the divider is configured for removably coupling

within a delivery conduit.
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