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SYSTEM AND METHOD FOR DELIVERING A HEATED AND HUMIDIFIED GAS

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims priority from U.S. Provisional Patent Application Serial No.
60/961,020, filed on July 18, 2007, which is incorporated by reference in its entirety,
and U.S. Provisional Patent Application Serial No. 60/981,270, filed on October 19, 2007,
which is incorporated by reference in its entirety. This application is related to
copending U.S. patent applications ____ (Attorney Docket No. HQS-129US);
(Attorney Docket No. HQS-134US); (Attorney Docket No. HQS-135US); and

(Attorney Docket No. HQS-136US), filed on even date herewith and

incorporated by reference in their entireties.

FIELD OF THE INVENTION
This invention relates to respiratory tract therapy. More particularly, this
invention relates to methods and apparatus that heat and humidify a breathing gas for

delivery to the respiratory tract of a patient.

BACKGROUND OF THE INVENTION
Conventional methods of delivering gas (e.g., air, oxygen, oxygen-enriched air,
and other breathing gas mixtures) to the respiratory tract of a patient often result in
discomfort to the patient, especially when the gases are delivered over an extended
period of time. A need remains for improved methods and apparatus for delivering

breathing gas.

BRIEF SUMMARY OF THE INVENTION

Briefly, the present invention provides an apparatus for providing breathing gas
to a patient. The apparatus includes a base unit configured to provide a first flow of gas
and a second flow of gas and a humidification canister configured to be coupled to the
base unit. The humidification canister includes a first gas flow path configured to receive
and humidify the first flow of gas. A delivery tube assembly is configured to be coupled
to the humidification canister. The delivery tube assembly includes a first lumen
configured for fluid communication with the first gas flow path to receive the humidified
first flow of gas and a second lumen configured to receive the second flow of gas.

The present invention also provides a heated and humidified breathing gas
apparatus including a source of gas and a humidification chamber operatively coupled to
the source of gas. The humidification chamber is configured to heat and humidify a first
portion of the gas generated by the source of gas. An insulation chamber is operatively
coupled to the source of gas and at least partially surrounds the humidification chamber.
A multilumen delivery tube assembly has a first lumen in fluid communication with the
humidification chamber and a second lumen adjacent the first lumen in fluid

communication with the insulation chamber.
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Further, the present invention provides a method for providing breathing gas to a
patient that includes generating a first flow of gas and a second flow of gas; passing the
first flow of gas along a first gas flow path and the second flow of gas along a second gas
flow path, humidifying the first flow of gas in the first gas flow path, insulating at least a
portion of the first flow of gas passing along the first gas flow path with the second flow
of gas passing along the second gas flow path, and delivering the humidified first flow of
gas to the patient for inhalation by the patient.

Additionally, the present invention provides a method of delivering heated and
humidified breathing gas to a patient. The method includes generating a gas flow,
dividing the gas flow into a breathing gas flow and an insulating gas flow, heating and
humidifying the breathing gas flow, and delivering the heated and humidified breathing
gas flow to the patient.

Further, the present invention provides a base unit for use in a breathing gas
heating and humidification apparatus. The base unit includes a gas source configured to
generate an initial gas flow. The gas source has a gas source outlet. A flow divider is in
fluid communication with the gas source outlet. The flow divider is configured to divide
the initial gas flow into a first flow of gas and a second flow of gas. The flow divider
includes a first compartment including a first gas flow path for the first flow of gas and a
second compartment including a second gas flow path for the second flow of gas. A
heater is disposed in the second compartment.

Also, the present invention provides a base unit for use in a breathing gas heating
and humidification apparatus. The base unit includes a blower configured to generate a
gas flow and a flow divider in fluid communication with the blower. The divider is
configured to divide the gas flow into a first portion of the gas flow and a second portion
of the gas flow.

The present invention further provides a method for use in generating breathing
gas and insulating gas from a gas source. The method includes generating a flow of gas,
dividing the flow of gas into a first flow of gas and a second flow of gas, and passing the
first flow of gas for delivery to a patient for inhalation.

Additionally, the present invention provides a humidification canister for
humidifying a breathing gas. The humidification canister includes a fluid supply
configured to supply a fluid. A first gas flow path is in fluid communication with the fluid
supply. The first gas flow path is configured to humidify the breathing gas with the fluid.
A second gas flow path at least partially surrounds the first gas flow path.

The present invention further provides a method of pressurizing a supply of
humidification fluid within a humidification that includes generating a flow of a breathing
gas along a first gas flow path, generating a flow of an insulating gas along a second gas
flow path, providing a supply of a humidification fluid within the humidification canister
to humidify the breathing gas, and providing fluid communication between the second

2



10

15

20

25

30

35

WO 2009/011907 PCT/US2008/008792

gas flow path and the supply of the humidification fluid to pressurize the supply of the
humidification fluid with the insulating gas.

The present invention also provides a method of insulating a breathing gas in a
humidification canister using a gas. The method includes directing a flow of a breathing
gas along a first gas flow path including the humidification chamber and directing a flow
of an insulating gas along a second gas flow path including an insulating chamber at
least partially surrounding the humidification chamber where the insulating gas at least
partially insulates the breathing gas.

Additionally, the present invention provides a humidification canister for
humidifying a flow of breathing gas. The humidification canister includes means for
supplying a fluid, means for humidifying a first gas flow with the fluid along a first gas
flow path, and means for at least partially insulating the first gas flow with a second gas
flow.

Further, the present invention provides a delivery tube assembly for delivering a
breathing gas to a patient. The delivery tube includes a first lumen having an upstream
portion and a downstream portion. The lumen is configured to deliver the breathing gas
from the upstream portion to the downstream portion. A second lumen is configured to
flow an insulating gas around the first lumen.

The present invention also provides a delivery tube assembly configured to be
coupled to a humidifier. The delivery tube assembly comprises an inner lumen with an
upstream portion configured to receive humidified breathing gas from the humidifier and
a downstream portion configured to deliver the humidified breathing gas to a breathing
device and an outer lumen surrounding the inner lumen that is configured for coupling to
the humidifier to receive an insulating gas.

The present invention further provides a delivery tube assembly for delivering a
breathing gas to a patient. The delivery tube includes an inner lumen adapted to
transmit a breathing gas and an outer lumen at least partially surrounding the inner
lumen. The outer lumen is adapted to transmit an insulating gas and discharge the
insulating gas to atmosphere. A diverter assembly is positioned to divert the insulating
gas being discharged from the outer lumen to the atmosphere.

Further, the present invention provides a method of insulating heated and
humidified breathing gas with an insulating gas in a delivery tube assembly having a first
lumen and a second lumen. The method includes flowing the heated and humidified
breathing gas through the first lumen and flowing the insulating gas through the second
lumen where the insulating gas at least partially insulates the heated and humidified
breathing gas.

Also, the present invention provides a method of insulating a breathing gas with
an insulating gas and discharging the insulating gas to atmosphere. The method
includes receiving the breathing gas in an upstream end of a delivery tube; receiving the
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insulating gas in the upstream end of the delivery tube; discharging the breathing gas
from a downstream end of the delivery tube into a breathing device; flowing the
insulating gas from the upstream end of the delivery tube, through the delivery tube, to
the distal end of the delivery tube; and discharging the insulating gas from the delivery

tube to atmosphere.

BRIEF DESCRIPTION OF THE DRAWINGS
The foregoing summary, as well as the following detailed description of exemplary

embodiments of the invention, will be better understood when read in conjunction with
the appended drawings, which are incorporated herein and constitute part of this
specification. For the purposes of illustrating the invention, there are shown in the
drawings exemplary embodiments of the present invention. It should be understood,
however, that the invention is not limited to the precise arrangements and
instrumentalities shown. In the drawings, the same reference numerals are employed
for designating the same elements throughout the several figures. In the drawings:

FIG. 1 is a perspective view of an apparatus for providing breathing gas to
a user according to a first exemplary embodiment of the present invention;

FIG. 2 is a side view, partially in section, of the breathing gas apparatus of
FIG. 1;

FIG. 3 is a side view of a blower and gas heater illustrated in FIG. 2;

FIG. 3A is a schematic view of a first gas flow path and a second gas flow
path through the breathing gas apparatus illustrated in FIG. 1;

FIG. 4 is a top view of a bottom portion of the base unit of the apparatus
illustrated in FIG. 1;

FIG. 5 is a side exploded view of elements of the base unit of the
apparatus illustrated in FIG. 1;

FIG. 6 is an exploded perspective view of a gas heater used in the
apparatus illustrated in FIG. 1;

FIG. 7 is a perspective view of the gas heater illustrated in FIG. 6, with a
box portion of the gas heater removed;

FIG. 8 is a perspective view of the gas heater illustrated in FIG. 7, with an
insulator board portion of the gas heater removed;

FIG. 9 is a schematic drawing of an exemplary control system used to
operate the apparatus illustrated in FIG. 1;

FIG. 10 is a perspective view of a humidification canister used in the
apparatus illustrated in FIG. 1;

FIG. 11 is an exploded side view of the humidification canister illustrated
in FIG. 10;

FIG. 12 is a perspective view of a filter media used in the humidification
canister illustrated in FIGS. 10 and 11;
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FIG. 12A is a top plan view of the filter media illustrated in FIG. 12;

FIG. 13 is a perspective view of a media holder used in the humidification
canister illustrated in FIGS. 10 and 11;

FIG. 13A is a top plan view of the media holder illustrated in FIG. 13;

FIG. 14 is a perspective view of a fluid supply reservoir used in the
humidification canister illustrated in FIGS. 10 and 11;

FIG. 14A is a top plan view of the fluid supply reservoir illustrated in FIG.
14,

FIG. 15 is a perspective view of a lid bottom used in the humidification

canister illustrated in FIGS. 10 and 11;

FIG. 15A is a top plan view of the lid bottom illuétratéd in FIG. 15;

FIG. 16 is a schematic view of an apparatus for providing breathing gas to
a user according to an alternative exemplary embodiment of the present invention;

FIG. 17 is a side view, partially broken away, of a delivery tube assembly
used in the apparatus illustrated in FIG. 1;

FIG. 18 is an exploded side view of the delivery tube assembly illustrated
in FIG. 17;

FIG. 19 is a perspective view of an exemplary spacer used in the delivery
tube assembly illustrated in FIGS. 17 and 18;

FIG. 20 is a top plan view of the spacer illustrated in FIG. 19;

FIG. 21 is a perspective view of a twist lock connection used in the
delivery tube assembly illustrated in FIGS. 17 and 18;

FIG. 22 is a side view of the twist lock connection illustrated in FIG. 21;

FIG. 23 is an end view of the twist lock connection illustrated in FIG. 21;

FIG. 24 is a perspective view of a downstream end of the delivery tube
assembly illustrated in FIGS. 17 and 18;

FIG. 25 is an exploded perspective view of a diverter assembly used in the
delivery tube assembly illustrated in FIGS. 17 and 18;

FIG. 26 is a side view, in section, of the diverter assembly illustrated in
FIG. 24;

FIG. 27 is a flow chart illustrating exemplary operational steps of the
apparatus illustrated in FIGS. 1-26;

FIG. 28 is a schematic drawing of an apparatus for providing breathing gas

to a user according to another exemplary embodiment of the present invention;
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FIG. 29 is a schematic drawing of an apparatus for providing breathing gas
to a user according to another exemplary embodiment of the present invention;

FIG. 30 is a sectional view of a delivery tube assembly according to
another exemplary embodiment of the present invention;

FIG. 31 is a sectional view of a delivery tube assembly according to yet
another exemplary embodiment of the present invention;

FIG. 32 is a schematic view of an apparatus for providing breathing gas to
a user using the delivery tube assembly illustrated in FIG. 31 according to another
exemplary embodiment of the present invention; and

FIG. 33 is a schematic view of an apparatus for providing breathing gas to
a user according to another exemplary embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Although the invention is illustrated and described herein with reference to
specific embodiments, the invention is not intended to be limited to the details shown.
Rather, various modifications may be made in the details within the scope and range of
equivalents of the disclosure without departing from the invention. As used herein, the
term “upstream” is defined to mean a direction farther from a user (/.e., a person
receiving breathing gas) along a fluid flow path, and the term “downstream” is defined to
mean a direction closer to the user along the fluid flow path. The terms “insulate,”
“insulating,” and “insulation” are used herein to mean preventing or reducing
temperature loss in fluid flowing along a fluid flow path, and/or, in certain circumstances,
raising the temperature of the fluid flowing along the fluid flow path.

The invention is best understood from the following detailed description when
read in connection with the accompanying drawing figures, which show exemplary
embodiments of the invention selected for illustrative purposes. The invention will be
illustrated with reference to the figures. Such figures are intended to be illustrative
rather than limiting and are included herewith to facilitate the explanation of the present
invention.

Referring generally to the figures, a breathing gas system according to an
exemplary embodiment of the present invention is provided to heat, humidify and
control patient respiratory gases. Warm, humidified gas is generated by the system and
delivered to the user via a disposable and/or reusable humidification canister and an
insulated delivery tube that is attached to a user interface, such as a nasal cannula.

In an exemplary embodiment, heat and humidification may be provided through
an exchange medium that is part of the humidification canister. The exemplary medium
forms a semi-permeable membrane between a water source (e.g., reservoir) and a
humidification chamber within the humidification canister. This medium acts as the
interface to transfer heat and molecular water vapor from the water source to the

breathing gases by allowing heated molecules of water to transpire across the
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membrane into the breathing gases in the humidification chamber. The medium may
also act as a valve, restricting the amount of water that is vaporized. Optionally, the
medium may be omitted.

The delivery tube and humidification canister provide pathways for heated air
generated with heat from an internal heater, for example, to surround or substantially
surround the humidification chamber and gas delivery tube, thereby reducing heat loss
(and/or providing heat gain) as the gas makes its way through the system to the user,
via a cannula or a mask, for example. This arrangement minimizes water condensation
and loss of beneficial heat and humidity before the breathing gas is delivered to the
user’s airway and allows the temperature of the breathing gas to be regulated
independently from the addition of water vapor into the breathing gas.

In an exemplary embodiment, a system used to thermally insulate a breathing
gas with insulating gas is disclosed. The insulating gas is provided by a source, heated
to a specified temperature, and then provided to a breathing gas delivery tube. The
delivery tube includes an inner lumen through which the breathing gas is delivered from
a breathing gas source to the user, and an outer jacket through which the insulating gas
travels such that the insulating gas insulates the breathing gas as both the insulating gas
and the breathing gas travel! through the delivery tube. After the insulating gas has
insulated the breathing gas, the insulating gas may be exhausted to atmosphere,
Alternatively, the insulating gas may be recirculated. Insulating gas is used to minimize
heat loss of (and/or provide heat gain to) the breathing gas as the breathing gas travels
from the humidification chamber to the user, thereby reducing rainout. Additionally, the
use of the insulating gas allows adjustment to the temperature of the breathing gas
without changing the water vapor content in the breathing gas, thereby adjusting
relative humidity for added comfort.

Referring specifically to FIGS. 1 and 2, breathing gas system 100 includes a base
unit 102 configured to generate a first flow, or portion, of gas and a second flow, or
portion, of gas. A humidification canister 104 is configured to be coupled to base unit
102. Humidification canister 104 may be a reusable and/or disposable unit that is
replaced after a specified period of time, such as after a prescribed number of days of
use, a prescribed duration of use, or some other predetermined operating parameter.

A delivery tube assembly 106 is coupled to humidification canister 104
(preferably releasably coupled). Delivery tube assembly 106 may be a reusable and/or
disposable unit that is replaced after a specified period, such as after a prescribed
number of days of use, a prescribed duration of use, or some other predetermined
operating parameter.

As shown if FIG. 2, a user device, such as, for example, a nasal cannula 108, is
configured to be releasably coupled to delivery tube assembly 106. Exemplary nasal
cannulae are disclosed in U.S. Patent Application Serial Nos. 11/940,793 (Attorney
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Docket No. HQS-111US) and 11/940,867 (Attorney Docket No. HQS-115US), which are
both owned by the Assignee of the present invention and are incorporated herein by
reference in their entireties.

Referring to FIGS. 2, 3 and 3A, base unit 102 includes a gas flow source 113 and
a fluid heater 198 configured to heat a fluid in humidification canister 104. Illustrated
base unit 102 includes a gas flow source 113, such as, for example, a blower 112
configured to deliver an initial flow of gas and a flow divider 114 in fluid communication
with an outlet 116 of blower 112. As shown in FIG. 3A, flow divider 114 is configured to
divide the initial flow of gas into a first flow of gas along a first gas flow path 138
(indicated by alternating dots and dashes) and a second flow of gas along a second gas
flow path 144 (indicated by the dots).

In an exemplary embodiment, blower 112 may be a single source. In another
exemplary embodiment, as will be described with reference to FIG. 28, blower 112 may
include a plurality of sources.

An exemplary blower 112 may be a model nhumber 939_3020_007 manufactured
by EBM Papst, Inc. of Farmington, Connecticut. Exemplary blower 112 may deliver air
from outlet 116 of blower 112 at a delivery flow rate between about 1 liter per minute
and about 150 liters per minute.

Blower 112 provides an initial flow rate, which is divided by flow divider 114 into
a first flow of gas to be delivered to the user as a breathing gas at a desired delivery
flow rate and a second flow of gas to be used as an insulating gas to insulate the
breathing gas. While a desired delivery flow rate may be set, an actual flow rate of the
first flow of gas being delivered to the user may be greater than the delivery flow rate
during user inhalation and an actual flow rate of the first flow of gas being delivered to
the user may be less than the delivery flow rate during user exhalation. Additionally, the
initial flow rate may remain generally constant, with the actual flow rate of the second
flow of gas decreasing as the flow rate of the first flow of gas increases (e.g., due to
patient inhalation), and with the actual flow rate of the second flow of gas increasing as
the flow rate of the first flow of gas decreases (e.g., due to patient exhalation).

Referring now to FIGS. 4 and 5, base unit 102 includes a case bottom 118 that
receives and retains blower 112 (not shown in FIGS. 4 and 5) and other components.
Base unit 102 also includes a case top 120 that fits over blower 112 and the components
and attaches to case bottom 118. Case top 120 also includes a receptacle 121 for
receiving and holding humidification canister 104 in contact with fluid heater 198.
Blower 112 may be inserted into case bottom 118 and covered by case top 120.

Case bottom 118 includes a receptacle 122 for receiving and holding blower 112.
Case bottom 118 also includes a receptacle 124 for receiving and holding flow divider
114 (not shown in FIGS. 4 and 5) such that flow divider 114 may be located between
blower 112 and humidification canister 104 (not shown in FIGS. 4 and 5).
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A filter cartridge 126 is releasably coupled to base unit 102. Filter cartridge 126
is used to filter air from atmosphere prior to entering blower 112. Filter cartridge 126
removes airborne particulates that may be harmful to the user if inhaled. Filter cartridge
126 may be snap fit to case bottom 118.

Case bottom 118 also includes a generally oval shaped opening 128 therein and
case top 120 includes a generally rectangular mating opening 130 therein through which
an electronic interface 132 (shown schematically if FIG. 9) extends. In an exemplary
embodiment, interface 132 may be a USB port that allows an operator, such as a
physician or a respiratory therapist, to couple system 100 to an external device, such as
a computer (not shown), in order to program system 100 to meet the needs of the
particular user or to extract operating data from system 100.

Interface 132 is electronically coupled to a printed circuit (PC) board 134 (shown
schematically in FIG. 9) or other electronic controller that governs the operation of
system 100. PC board 134 may be removably inserted into a PC board slot 135 in case
bottom 118,

Referring to FIGS. 3, 3A, and 6-8, flow divider 114 comprises a first compartment -
136 including first gas flow path 138 for the first flow of gas. First gas flow path 138 is
configured to be coupled to humidification canister 104 for humidification of the first flow
of gas. First compartment 136 also includes a first compartment discharge port 140.

Flow divider 114 further includes a second compartment 142 including second gas
flow path 144 for the second flow of gas. Second gas flow path 144 is configured to
receive the second flow of gas and to be coupled to humidification canister 104 to
insulate at least a portion of first gas flow path 138. Second compartment 142 also
includes a second compartment discharge port 146 in line with first compartment
discharge port 140.

Illustrated flow divider 114 is constructed from a box 148 having an open face
150. A rear wall 152 of box 148 includes a circular opening 154 disposed proximate to
the bottom of box 148. A rubber grommet 156 is disposed within circular opening 154.
Grommet 156 is coupled to outlet 116 of blower 112 to receive gas generated by blower
112,

A cover 158 is disposed over open face 150 of box 148, forming a generally
closed compartment. Cover 158 includes second compartment discharge port 146
disposed proximate to the top of cover 158. A rubber inlet grommet 161 is disposed
within second compartment discharge port 146. Inlet grommet 161 is coupled to
humidification canister 104 to discharge the gas flow generated by blower 112 from flow
divider 114 to humidification canister 104.

A back-up plate 162 is disposed within box 148 to separate box 148 into first
compartment 136 and second compartment 142. Back-up plate 162 includes first
compartment discharge port 140 disposed proximate to the top of back-up plate 162,
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co-axially aligned with second compartment discharge port 146 in cover 158. A rubber
back-up plate grommet 170 is disposed within first compartment discharge port 140 of
back-up plate 162.

Back-up plate 162 also includes a generally elongated opening 172 in the bottom
thereof to provide fluid communication between first compartment 136 and second
compartment 142. Additionally, back-up plate 162 further includes raised ridges 174 in
a plurality of locations on second compartment side of flow divider 114. As shown in
FIG. 6, four (4) raised ridges 174 are shown, although those skilled in the art will
recognize that more or less than four raised ridges 174 may be used. Raised ridges 174
are used to locate an insulator board 176 on back-up plate 162 between upper and lower
raised ridges 174.

An insulating gas heater 180 is disposed within second compartmentl142 and is
adapted to heat the second flow of gas. Insulating gas heater 180 is attached to
insulator board 176 in second compartment 142. An exemplary insulating gas heater
180 is a heating plate having a plurality of elongated ribs 182 extending therefrom to
dissipate heat generated from insulating gas heater 180 to surrounding gas flowing
through second compartment 142. Insulating gas heater 180 may be constructed from
aluminum or other suitable heat conductive material. Insulating gas heater 180 is
electrically coupled to PC board 134 (shown in FIG. 9) such that PC board 134 controls
operation of insulating gas heater 180.

Referring to FIG. 3A, in use, blower 112 directs air into flow divider 114, where
the air is divided into first gas flow path 138 in first compartment 136 and second gas
flow path 144 in second compartment 142. Gas within second gas flow path 144 is
heated by insulating gas heater 180. Second gas flow path 144, having been heated by
insulating gas heater 180, surrounds gas within first gas flow path 144 as the first gas
flow passes from first compartment 136, through second compartment 142 and
discharge port 140, and out of flow divider 114 to humidification canister 104.

Referring back to FIG. 5 a canister latch 194 releasably couples humidification
canister 104 to base unit 102. Canister latch 194 is generally arcuate in shape and
includes connectors 196 at each end for coupling to case top 120. In an alternative
embodiment, latch 194 may be omitted, and humidification canister 104 may be
releasably coupled to base unit 102 via a frictional engagement.

Referring back to FIG. 2, fluid heater 198 is configured to provide heat to
humidification canister 104 (e.g., via conduction), which heats the fluid for heating and
humidifying the first flow of gas in humidification canister 104. Fluid heater 198 is
located on case top 120. Fluid heater 198 may be a conventional plate heater (which
mates with a corresponding plate of humidification canister 104). Fluid heater 198 is
electrically coupled to PC board 134 (shown in FIG. 9) such that PC board 134 controls
operation of fluid heater 198.

10
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FIG. 9 depicts an exemplary control circuit 200 for controlling system 100 (FIGS.
1 and 2). Illustrated control circuit 200 is formed on PC board 134, which is removably
inserted in slot 135 in case bottom 118 (shown in Fig. 4). Control circuit 200 provides
control for three primary controllers. A first controller 202 is operatively coupled to
humidifier heater 198 and, under control of control circuit 200, controls the temperature
of humidifier heater 198 and regulates the temperature of the first flow of gas based on
a delivery flow rate of the first flow of gas. A second controller 204, under control of
control circuit 200, controls temperature of insulating gas heater 180, and a third
controller 206, under control of control circuit 200, is configured to operate blower 112
to deliver the first flow of gas at a delivery flow rate. Control circuit 200 is accessible by
an external computer (not shown) via a communications port, such as interface 132.

Interface 132 provides for adjustment of controllers 202, 204, 206, under control
of control circuit 200, through the full range of operation of humidifier heater 198,
insulating gas heater 180, and blower 112, respectively. An exemplary use of interface
132 is with system 100 in a sleep lab, where multiple users may be “titrated” using
system 100 during a sleep study to determine ideal system settings for a particular user.
Interface 132 may allow operational information for a particular user to be downloaded
from an outside device, such as a USB device (not shown), to control circuit 200.

Electrically, this embodiment of system 100 operates within the range of 100-
240 VAC and 50-60 Hz. The maximum power consumption is desirably less than about
60 Watts. Power inlet 208 includes a removable 3-meter long hospital grade power
cord.

Control circuit 200 uses thermistors to sense temperature at various locations
within system 100. Exemplary thermistors are rated at 15 KQ @ +25 C. A humidifier
thermistor 210 measures the temperature of humidifier heater 198 to an accuracy of
about +/- 0.5 °C. An air heater thermistor 212 measures the temperature of insulating
gas heater 180 to an accuracy of about +/- 0.5 °C,

An AC power supply 208 provides AC power to system 100, including controllers
202, 204. In an exemplary embodiment, a 24VDC power supply 214 capable of about 1
amp is used to power third controller 206. Alternatively, other power supplies, such as,
for example, 12V at 2 amps, may be used.

Control circuit 200 provides speed control of blower 112 over an adjustable range
of 0 to 100%, with a precision of about 1% +/- 0.5%. Power supply 214 is also coupled
to a Low Voltage Power Supply (LVPS) 216 that reduces the voltage to control circuit
200.

In an exemplary embodiment, control circuit gradually increases speed (ramp-up)
to set blower speed over a pre-determined period of time, such as, for example, twenty
minutes. In an exemplary embodiment, every five minutes during ramp-up, blower

speed will increase 25% until blower 112 reaches its set speed. Control circuit 200
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includes a power button 218 that operates system 100. Power button 218 may be
pressed a first time to power up system 100. If power button 218_is pressed a second
time, the ramp function may be de-activated and blower 112 immediately goes to the
speed set on control circuit 200.

After use, power button 218 may be pressed to turn off system 100. When
system 100 is turned off, humidifier heater 198 turns off, but blower 112 and insulating
gas heater 180 continue to run for a predetermined period of time, such as, for example,
1 minute, before turning off. Control circuit 200 may be configured to deactivate
humidifier heater 198 if humidification canister 104 is not installed

An optional ambient temperature sensor 220 monitors the ambient temperature
around system 100 and feeds the recorded temperature to control circuit 200. Control
circuit 200 may regulate insulating gas temperature by adjusting insulating gas heater
180 based on ambient temperature to maintain an approximate outlet temperature, such
as about 37 degrees Celsius. Optionally, water level sensor 224 monitors the level of
humidification fluid “F” in fluid supply reservoir 232 and feeds the recorded level to
control circuit 200.

Control circuit 200 is configured to shutdown system 100 if predetermined
parameters fall outside of a specified range. In an exemplary embodiment, such
parameters may include, but are not necessarily limited to, breathing gas temperature
(greater than 1 degree C above set point), blower malfunction, insulating gas heater 180
(greater than 5 degrees C above set point, and humidifier heater 198 (greater than 5
degrees C above set point).

In an exemplary embodiment, insulating gas heater 180 and fluid heater 198 are
regulated by control circuit 200 based on a set flow rate of blower 112, a comfort setting
(described below), and, optionally, an ambient temperature value recorded by
temperature sensor 220. In embodiments where ambient temperature is not employed,
a look-up table may be used by control circuit 200 to select appropriate values for
driving heater driver 204 for insulating gas heater 180 and heater driver 202 for fluid
heater 198 based on the set rate of blower 112 and the comfort setting. In
embodiments where ambient temperature is employed, separate look-up tables may be
provided for different ambient temperature ranges. In accordance with this
embodiment, a particular look-up table may be selected based on an ambient
temperature value and, then, that look-up table may be used by control circuit 200 to
select appropriate values for driving heater driver 204 for insulating gas heater 180 and
heater driver 202 for fluid heater 198 based on the set rate of blower 112 and the
comfort setting.

The use of an insulating gas heater 180 and a fluid heater 198 enables the
temperature and the fluid content of the breathing gas to be independently regulated,
thereby controlling relative humidity. For example, the setting of the fluid heater 198

12



10

15

20

25

30

35

WO 2009/011907 PCT/US2008/008792

may be used to regulate the amount of fluid in the breathing gas and the setting of the
insulating gas heater 180 may be used to regulate the temperature of the breathing gas
being delivered to the user. Relative humidity can be adjusted by increasing/decreasing
the fluid content while holding the temperature of the breathing gas constant,
maintaining the fluid content while increasing/decreasing the temperature, or
increasing/decreasing the fluid content while increasing/decreasing the temperature.
Suitable control logic and look-up tables to perform these tasks will be readily
understood by one skilled in the art from the description herein.

In an exemplary embodiment, a physician, respiratory therapist, or other medical
professional sets the flow rate of blower 112 prior to use of system 100. The user may

III

then select from a plurality of comfort settings such as, for example, a “cool” setting
(e.qg., a breathing gas temperature to be delivered to user between about 30 and about
33 degrees Celsius with a relative humidity of between about 80% and about 100%), a
"medium” setting (e.g., a breathing gas temperature to be delivered to user between
about 33 and about 35 degrees Celsius with a relative humidity of between about 80%
and about 100%), or a "warm” setting (e.g., a breathing gas temperature to be
delivered to user between about 35 and about 37 degrees Celsius with a relative
humidity of between about 80% and about 100%). Pushbutton 218 may include
separate up and down buttons (not shown) that may be pressed to select a desired
setting from among the plurality of available comfort settings.

Referring now to FIGS. 2 and 10-15A, humidification canister 104 is configured to
heat and humidify the first flow, or portion, of the gas generated by blower 112 (not
shown in FIGS. 10-15A). Humidification canister 104 includes a humidification chamber
230 that heats and humidifies the first flow, or breathing, gas, a fluid supply reservoir
232 that provides fluid “F”, typically in the form of water, to humidify the breathing gas.
Fluid supply reservoir 232 is operatively coupled to humidification chamber 230 to
transmit water to humidification chamber 230 where the water is vaporized.
Humidification canister 104 further includes an insulation chamber 233 that uses the
second flow of the gas (insulating gas) to at least partially surround and insulate the
breathing gas flowing through the first gas flow path of humidification canister 104,
including humidification chamber 230. Second gas flow path 144 extends through
insulation chamber 233 and provides fluid communication between blower 112 and
delivery tube assembly 106.

Humidification canister 104 is operatively coupled to blower 112 to receive the
first flow of gas along first gas flow path 138 and to receive the second flow of gas along
second gas flow path 144. An inlet connector 234 includes a breathing gas lumen 235
that is in fluid communication with first compartment 136 (shown in FIG. 6) and extends
from inlet grommet 161 in front cover 158, through second compartment 142, through
back-up plate grommet 170 in back-up plate 162 to first compartment discharge port
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140 such that first gas flow path 138 passes from first compartment 136 and into and
through second compartment 142. An insulating gas lumen 236 extends through inlet
grommet 161 in front cover 158 and is coaxially disposed around breathing gas lumen
235 downstream of flow divider 114 such that first gas flow path 138 and second gas
flow path 144 are generally coaxial.

In an exemplary embodiment, breathing gas lumen 235 is also in fluid
communication with a humidifier inlet elbow 237 that directs the breathing gas to a
humidification chamber 230. Humidifier inlet elbow 237 is constructed from an outer
elbow portion 238 and an inner elbow portion 239. Outer elbow portion 238 is part of a
lid top 240 of humidification chamber 230 and inner elbow portion 239 is part of a lid
bottom 241 of humidification chamber 230. A volume between lid top 240 and lid
bottom 241 defines an insulating space 242 in fluid communication with insulating gas
lumen 236 and insulating chamber 233.

Humidifier elbow 237 is coupled to an inlet baffle tube 243, which extends
through an opening 232a in fluid supply reservoir 232 (shown in FIG. 14A). Inlet baffle
tube 243 discharges into a humidification dome 244. Humidification dome 244 is
generally conical in shape. Humidification dome 244 is removably coupled to bottom of
fluid supply reservoir 232 such that humidification dome 244 may be removed from fluid
supply reservoir 232 for replacement and/or cleaning.

A discharge end of inlet baffle tube 243 includes a baffle 245 that redirects
breathing gas from a generally vertical downward direction to a generally horizontal
direction. Referring to FIGS. 12 and 12A, a flat sheet membrane in the form of filter
media 246 is disposed below humidification dome 244 and, together with humidification
dome 244, filter media 246 defines humidification chamber 230. Filter media 246 is a
generally circular piece of polytetrafluoroethylene (PTFE), which has an arcuate cutout
247 along its perimeter. The redirection of the breathing gas by baffle 245 may prevent
the breathing gas from impinging directly onto the top surface of filter media 246, which
may reduce wear of filter media 246. Additionally, the redirection of the breathing gas
may improve the residence time of the breathing gas within humidification chamber 230,
improving the heating and humidification of the breathing gas.

As shown in FIG. 11, filter media 246 is disposed in the path of fluid “F” between
fluid supply reservoir 232 and humidification chamber 230, which is in first gas flow path
138. While fluid supply reservoir 232 is configured to hold fluid “F” in fluid
communication with first gas flow path 138, filter media 246 restricts passage of fluid “F”
from fluid supply reservoir 232 into first gas flow path 138 to introduce the proper
amount of fluid “F” to humidification chamber 230.

Filter media 246 is disposed within a media holder 248, which is shown in detail
in FIGS. 13 and 13A. Media holder 248 includes an arcuate protrusion 249 sized to
match arcuate cutout 247 in media filter 246. Media holder 248 includes a plurality of
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struts 250 that support filter media 246. Media holder 248 also includes an opening 251
proximate to arcuate protrusion 249,

Referring back to FIG. 11, a retaining ring 252 may be disposed over filter media
246 to retain filter media 246 on media holder 248. Although not shown, in an
alternative embodiment, filter media 246 may be insert molded into a media holder,
eliminating the need for retaining ring 252.

An annular tin gasket 253 is disposed under media holder 248. A circular tin
heater plate 254 is disposed below gasket 253. When humidification canister 104 is
coupled to base unit 102, heater plate 254 is disposed on top of fluid heater 198 to
facilitate transfer of heat from fluid heater 198 to heater plate 254, which heats fluid
that flowed from fluid supply reservoir 232 onto heater plate 254.

Referring now to FIGS. 2, 11, 14, and 14A, fluid supply reservoir 232 includes a
drainage nipple 255 that extends from the bottom of fluid supply reservoir 232 and
through opening 251 in media holder 248 to provide fluid communication from the
interior of fluid supply reservoir 232 to the upper surface of heater plate 254. Optionally,
although not shown, a valve, such as a Schrader valve, may be used to prevent fluid
from flowing through drainage nipple 255 when fluid supply reservoir 232 is not coupled
to base unit 102, but to open the valve when fluid supply reservoir 232 is coupled to
base unit 102, to allow fluid flow from fluid supply reservoir 232 to heater plate 254.
This valve prevents loss of fluid from fluid supply reservoir 232 when fluid supply
reservoir 232 is not coupled to base unit 102, but allows for fluid communication
between fluid supply reservoir 232 and humidification chamber 230 when fluid supply
reservoir 232 is coupled to base unit 102.

Referring to FIGS. 2 and 11, an outlet baffle tube 256 is coupled to humidification
dome 244 and extends from humidification chamber 230, through an opening 232b in
fluid supply reservoir 232 (shown in FIG. 14A), to an outlet elbow 257. Outlet elbow 257
is constructed from an outer elbow portion 258 and an inner elbow portion 259. Outer
elbow portion 258 is part of lid top 240 of humidification chamber 230 and inner elbow
portion 259 is part of lid bottom 241 of humidification chamber 230.

Outlet elbow 257 is coupled to an outlet connector 260 which includes a breathing
gas lumen 261 that is in fluid communication with outlet baffle tube 256 and an
insulating gas lumen 262, coaxially disposed around breathing gas lumen 261, that is in
fluid communication with insulation chamber 233 and insulating space 242. An exterior
of illustrated outlet connector 260 includes a pair of diametrically opposed locking nubs
263 extending outwardly therefrom.

Referring to FIGS. 15 and 15A, lid bottom 241 includes an opening 264
therethrough. Opening 264 allows insulating space 242 to be in fluid communication
with fluid “F” in fluid supply reservoir 232, providing a pressurization path between

15



10

15

20

25

30

35

WO 2009/011907 PCT/US2008/008792

second gas flow path 144 and fluid supply reservoir 232 to pressurize fluid supply
reservoir 232 with the second flow of gas.

Lid bottom 241 also includes a refill opening 265 that is in fluid communication
with fluid supply reservoir 232 such that a cover (not shown) can be removed from refill
opening 265 so that fluid can be added through refill opening 265 to replenish fluid “F” in
fluid supply reservoir 232.

First gas flow path 138 extends through humidification canister 104 from
breathing gas lumen 235, through humidifier inlet elbow 237, down inlet baffle tube 243,
to humidification chamber 230 where breathing gas in first gas flow path 138 is heated
and humidified. The heated and humidified breathing gas exits humidification chamber
230 through outlet baffle tube 256, through outlet elbow 257 to breathing gas lumen
261 for discharge from humidification canister 104.

In an alternative embodiment, as shown in the schematic drawing of FIG. 16,
second gas flow. path 144 may bypass humidification canister 104 such that second gas
flow path 144 extends directly from flow divider 114 to delivery tube assembly 106.

While exemplary embodiments of a humidification canister 104 are shown, those
skilled in the art will recognize that other embodiments of humidification canisters from
the description herein are contemplated by the present invention and such embodiments
are considered within the scope of the present invention.

Although air/gas is used to insulate the breathing gas in the exemplary
embodiment, it is contemplated that water/liquid may be used for insulating/heating
breathing gas in addition to or instead of air/gas.

Delivery tube assembly 106 is used to deliver the breathing gas from
humidification canister 104 to the user. Referring now to FIGS. 2 and 17-26, illustrated
delivery tube assembly 106 includes a multilumen delivery tube having a first, or inner,
lumen 270 and a second, or outer lumen 276. Lumen 270 has an upstream portion 272
in fluid communication with humidification chamber 230 and with first gas flow path 138
to receive humidified breathing gas from humidification canister 104 and a downstream
portion 274 configured to deliver the humidified breathing gas to nasal cannula 108 or
other breathing device. First lumen 270 is configured to deliver the breathing gas from
upstream portion 272 to downstream portion 274.

Outer lumen 276 is adjacent to and at least partially surrounds inner lumen 270
such that inner lumen 270 is disposed within outer lumen 276. Outer lumen 276 is in
fluid communication with insulation chamber 233 and with second gas flow path 144 to
receive the second flow of gas. Outer lumen 276 is configured to pass the second flow,
or insulating, gas around inner lumen 270. Outer lumen 276 is configured for coupling
to humidification canister 104 to receive the insulating gas and is adapted to transmit
the insulating gas from humidification canister 104 along the length of inner lumen 270
and to discharge the insulating gas to atmosphere.
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In an exemplary embodiment, inner lumen 270 may be a tube, such as Model No.
Type 777, manufactured by Hi-Tech Medical of Georgetown, Massachusetts, having an
inner diameter of about 10 mm. Inner lumen 270 may have a length of about 180 cm.
Upstream portion 272 and downstream portion 274 of inner lumen 270, as well as an
inner surface of inner lumen 270, may be generally smooth. An outer surface 278 of
inner lumen 270 between upstream end 272 and downstream end 274 may be
corrugated. Such corrugation reduces the likelihood of kinking inner lumen 270 and also
provides for coupling of spacers to the exterior of inner lumen 270.

In an exemplary embodiment, outer lumen 276 may be a tube, such as Mode! No.
Type 555, manufactured by Hi-Tech Medical of Georgetown, Massachusetts having an
inner diameter of about 19 mm. Outer lumen 276 may have a length of about 180 cm.
Outer lumen 276 may have a generally smooth upstream end 280 and inner surface, and
a corrugated outer surface 282 that extends downstream of upstream end 280. Such
corrugation reduces the likelihood of kinking cannula 108.

Referring to FIGS. 18-20, a plurality of spacers 284 are disposed within outer
lumen 276 such that inner lumen 270 is generally centered within outer lumen 276.
Spacers 284 may be spaced about 30 cm apart along the corrugated portion of inner
lumen 270. Each spacer 284 includes an arcuate frame 286 extending in a plane and a
plurality of longitudinal struts 288 extending generally perpendicular to the plane.
Arcuate frame 286 is sized to fit in a groove between adjacent ridges of the exterior of
corrugated inner lumen 270. Arcuate frame 286 extends in an arc of over 180 degrees
such that arcuate frame 286 can be snapped over groove. In an exemplary embodiment,
arcuate frame 286 extends in an arc of about 240 degrees. Longitudinal struts 288
engage interior wall of outer lumen 276.

Referring back to FIG. 17-18 and to FIGS. 21-23, an upstream portion 290 of
delivery tube assembly 106 includes a twist lock connector 292 that is adapted to
releasably couple delivery tube assembly 106 to humidification canister 104. In an
exemplary embodiment, twist lock connector 292 may be constructed from high density
polyethylene (HDPE), polypropylene, or other suitable material. Twist lock connector
292 includes a base portion 294 having a pair of diametrically opposed slots 296, with a
first slot portion 297 extending toward downstream portion 298 (shown in FIG. 17) of
delivery tube assembly 106. A second slot portion 300 of each of slots 296 extends
transversely to first slot portion 297. Locking nubs 263 from humidification canister 104
(shown in FIG. 11) are sized to fit into first slot portion 297 as twist lock connector 292
is advanced over outlet connector 260. When twist lock connector 292 is advanced such
that locking nubs 263 are at the intersection between first slot portion 297 and second
slot portion 300, twist lock connector 292 is rotated such that locking nubs are advanced
to the closed end of second slot portion 300, thereby releasably coupling delivery tube
assembly 106 to humidification canister 104.
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Twist lock connector 292 further includes an inner lumen portion 302 that
extends downstream from base portion 294. Inner lumen portion 302 is coupled to base
portion 294 via a pair of diametrically opposed spacers 304. Twist lock inner lumen
portion 302 is coupled to upstream end 272 of inner lumen 270.

Twist lock connector 292 also includes an outer lumen portion 306 that extends
downstream from base portion 294. Outer lumen portion 306 is coupled to an outer
perimeter of base portion 294. Twist lock outer lumen portion 306 is coupled to
upstream end 280 of outer lumen 276.

Referring to FIGS. 17, 18, and 24-26, delivery tube assembly 106 further includes
a flow diverter assembly 310 coupled to downstream portion 274 of inner lumen 270.
Diverter assembly 310 is adapted to divert the insulating gas flowing through outer
lumen 276 in a direction away from downstream portion 274 of inner lumen 270 to
atmosphere. Diverter assembly 310 is swivelly coupled to downstream portion 274 of
the inner lumen 270 to reduce potential kinking of cannula 108 during use.

FIGS. 24-26 illustrate an exemplary flow diverter assembly 310. Flow diverter
assembly 310 includes an input portion 312, a discharge portion 314, and a diverter
portion 316 disposed between input portion 312 and discharge portion 314. Fins 318
space diverter portion 316 from outer lumen 276, Breathing gas, shown in FIGS. 24 and
26 as arrow A, flows from inner lumen 270 (shown in FIG. 26), through input portion
312 and discharge portion 314 to nasal cannula 180 (not shown in FIG. 24). Insulating
gas, shown in FIG. 24 as arrow B, flows from outer lumen 276, through input portion
312 to diverter portion 316, where the insulating gas is diverted (e.g. about 180
degrees) and discharged from diverter assembly 310 and away from the user.

Using air/gas instead of water to insulate the breathing gases and exhausting the
insulating gas to atmosphere eliminates the need for a heating fluid recirculation system,
reduces the potential for leaks and bacterial contamination, and enables a lightweight
delivery tube to be used in the system.

Referring to FIGS. 1 - 26 and the flow chart 500 of FIG. 27, an exemplary
operation of system 100 is as follows. In STEP 502 the speed of blower 112 is set. In
an exemplary embodiment, a professional, such as a physician or a respiratory therapist,
determines a desired flow rate of breathing gas to be administered to the user, and
adjusts control circuit 200 to control third controller 206 to set a speed of blower 112.

By setting third controller 206 to the desired setting, a rate of an initial flow of gas,
which is the total of a rate of the first flow of gas (the breathing gas) and a rate of the
second flow of gas (the insulating gas), is set. In an alternative exemplary embodiment,
a person receiving the therapy may set the flow rate.

In STEP 504, blower 112 is started. In an exemplary embodiment, the user
presses power button 218, resulting in control circuit 200 starting blower 112, as well as
transmitting signals to first controller 202 and second controller 204 to operate
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insulating gas heater 180 and humidifier heater 198. The starting of blower 112
generates an initial flow of gas. In STEP 506 the initial flow of gas is divided into a first
flow of gas and a second flow of gas. In an exemplary embodiment, the initial flow of
gas flows into flow divider 114, where the initial flow of gas is divided into the first flow
of gas in first compartment 136 for breathing and the second flow of gas in second
compartment 142 for insulating the first flow of gas. In STEP 508, the first flow of gas
flows along first gas flow path 138, while in STEP 510, the second flow of gas flows along
second gas flow path 144. As shown in the flow chart 500, the breathing gas and the
insulating gas flow in generally parallel paths.

In STEP 512, the second flow of gas is heated. In an exemplary embodiment, the
second flow of gas is heated by insulating gas heater 180 as the second flow of gas flows
through second compartment 142. In an exemplary embodiment, the second flow of gas
is heated for use in insulating at least a portion of the first flow of gas in the first gas
flow path 138. '

In STEP 514, the breathing gas flow is directed along first gas flow path 138. In
an exemplary embodiment, first gas flow path 138 includes humidification chamber 230.
The flow of the breathing gas is directed through breathing gas lumen 235, which is the
inlet to humidification chamber inlet 230.

In STEP 516, humidification fluid is heated. In an exemplary embodiment, as the
breathing gas flows along first gas flow path 138 through humidification chamber 230,
humidifier heater plate 254 heats fluid “F” that has flowed from fluid supply reservoir
232 to top of heater plate 254. The heated fluid passes through filter media 246 and
into first gas flow path 138 within humidification chamber 230, where the heated fluid
vaporizes. The vaporized fluid heats and humidifies the first flow of gas in first gas flow
path 138. The flow of the now heated and humidified breathing gas is then directed
through breathing gas lumen 261, which is the outlet of humidification chamber 230.

In STEP 518, the flow of the insulating gas is directed along second gas flow path
144. In an exemplary embodiment, second gas flow path 144 includes insulating
chamber 233, which at least partially surrounds humidification chamber 230. The flow of
the insulating gas is directed through insulating gas lumen 236, which is the inlet to
insulating chamber 233. The flow of the insulating gas is directed through insulating gas
lumen 262, which is the outlet from insulating chamber 233. Throughout STEP 518, the
insulating gas provides insulation to and regulates the temperature of the breathing gas
(e.g., by minimizing the temperature drop of the breathing gas).

Further, humidification fluid “F” within fluid supply reservoir 232 is pressurized by
the insulating gas within humidification canister 104. In STEP 520, humidification fluid is
provided. In an exemplary embodiment, the supply of the humidification fluid “F” is
provided within humidification canister 104 to humidify the breathing gas. In STEP 522,
fluid communication is also prpvided between second gas flow path 144 and supply of
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humidification fluid “F.” In an exemplary embodiment, the fluid communication is
provided via opening 263 in lid bottom 241 of humidification canister 104 such that, in
STEP 524, humidification fluid “F” is pressurized with the insulating gas. In STEP 526,
fluid “F” is heated. In an exemplary embodiment, fluid “F” is heated with humidifier
heater 198, which is transmitted through filter media 246 and into first gas flow path
138. In STEP 516, the breathing gas is humidified. In an exemplary embodiment, the
breathing gas is humidified in humidification chamber 230. In STEP 528, the insulating
gas insulates the breathing gas. In an exemplary embodiment, the insulating gas in
insulating chamber 233 insulates the breathing gas in humidification chamber 230.

In STEP 530 the heated and humidified breathing gas is discharged from
humidification canister 104. In an exemplary embodiment, the heated and humidified
breathing gas is directed through breathing gas lumen 261 in humidification canister 104
and then, in STEP 532, the heated and humidified breathing gas is discharged into
delivery tube assembly 106. In STEP 534, the heated and humidified breathing gas
flows through delivery tube assembly 106. In an exemplary embodiment, the heated
and humidified breathing gas flows through first, or inner, lumen 270 in a first direction
from upstream portion 272 to downstream portion 274 of inner lumen 270. The
breathing gas is discharged from the downstream end of delivery tube assembly 106 into
breathing device 108 for inhalation by the user.

In STEP 536, the insulating gas is discharged from humidification canister 104.

In an exemplary embodiment, the insulating gas is directed through insulating gas
lumen 262 and out of humidification canister 104. In STEP 538, the breathing gas is
received in the upstream end of delivery tube assembly 106. In STEP 540, the insulating
gas at least partially insulates the breathing gas. In an exemplary embodiment, the
insulating gas flows through second, or outer, lumen 276, wherein the insulating gas at
least partially insulates the heated and humidified breathing gas. The insulating gas also
flows in the first direction from upstream to downstream, In an exemplary embodiment,
the insulating gas is discharged to atmosphere from downstream end of delivery tube
assembly 106 through diverter assembly 310, which diverts the insulating gas away
from the user.

In STEP 542, after use, system 100 is turned off. In an exemplary embodiment,
when the user presses power button 218 to turn off system 100, humidifier heater 198
turns off but blower 112 and insulating heater 180 continue to run for a predetermined
period of time, such as, for example, 1 minute, before turning off. Additionally, control
circuit 200 may be configured to deactivate humidifier heater 198 if humidification
canister 104 is not installed

Referring to FIG. 27 dashed lines connecting STEPS 514 - 518, 516 - 528, 530 -
536, 532 - 538, and 524 - 538 indicate locations along first gas flow path 138 where the
breathing gas is or may be insulated by the insulating gas flowing along second gas flow
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path 144,

Ambient temperature sensor 220 monitors the ambient temperature around
system 100 and feeds the recorded temperature to control circuit 200. Control circuit
200 regulates insulating gas temperature by adjusting the insulating heater 180 to
maintain an approximate outlet temperature of the insulating gas, such as about 37
degrees Celsius.

While an exemplary embodiment of a breathing assistance system 100 and its
operation are described above, the present invention may encompass other
embodiments as well. As discussed above, gas flow source may comprise a plurality of
sources. In the exemplary embodiment of a breathing gas delivery system 700 shown in
FIG. 28, a first source of gas 702 may be a compressed gas, such as oxygen. A second
source of gas 704 may be air, generated by a blower. Alternatively, both first source of
gas 702 and second source of gas 704 may be blowers. Also, both gas sources 702, 704
may be compressed gas sources such as oxygen and/or air from a high pressure source.

Additionally, in an alternative embodiment of a breathing system 709 shown
schematically in FIG. 29, an auxiliary gas port 710 may extend from an upstream end
712 of an inner lumen 714 to facilitate connection of a pressurized gas source, such as
oxygen, for inhalation by a user through nasal cannula 108.

Further, an alternative embodiment of a delivery tube assembly 600, shown in
cross section in FIG. 30, uses a plurality of fins 601 formed with or coupled to the
exterior of inner lumen 602 to space inner lumen 602 generally coaxially within an outer
lumen 604.

Still another alternative embodiment of a delivery tube assembly 800 may be
used instead of delivery tube assembly 106. As shown in cross section in FIG. 31 and
schematically in FIG. 32, first lumen 802 may be generally centrally disposed within
delivery tube assembly 800, with a second lumen 804 comprising a first lumen portion
806 extending approximately the length of first lumen 802, and a second lumen portion
808 extending approximately the length of first lumen 802. First and second lumen
portions 806, 808 surround first lumen 802. First and second lumen portions 806, 808
may be generally "C-shaped” in cross section. A septum 810 separates first lumen 802
from each of first and second lumen portions 806, 808. At a downstream end 814 of
assembly 800, first lumen portion 806 and second lumen portion 808 are in fluid
communication with each other and at an upstream end 814 of assembly 800, first
lumen portion 806 and second lumen portion 808 are not in fluid communication with
each other.

In operation, breathing gas enters first lumen 802 from humidification canister
104 and travels through the length of first lumen 802, where the breathing gas is
discharged to nasal cannula 108. Insulating gas enters first lumen portion 806 from
humidification canister 104 at upstream end 816 of assembly 800 and travels through
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first lumen portion 806 to downstream end 814 of assembly 800. The insulating gas
then enters second lumen portion 808 and travels through second lumen portion 808 to
upstream end 816 of assembly 800, where the insulating gas discharges to atmosphere.

In yet another alternative embodiment of a delivery tube assembly 900, shown
schematically in FIG. 33, delivery tube assembly 900 has a similar cross section to
delivery tube assembly 800 shown in Fig. 31 and may include a first, inner lumen 902
that has an upstream end 904 configured to couple to humidification canister 104 and a
downstream end 906 configured to couple to nasal cannula 108 such that the breathing
gas flows through first lumen 902 from upstream end 904 to downstream end 906.

Delivery tube assembly 900 also includes a second lumen 908 having a first
lumen portion 910 and a second lumen portion 912 which, together, generally surround
first lumen 902. First lumen portion 910 and second lumen portion 912 may be
generally “"C-shaped” in cross section (similar to lumen portions 806, 808 shown in FIG.
31. Delivery tube assembly 900 includes a diverter assembly, such as diverter assembly
310 illustrated in FIGS. 17, 18, and 24-26 and described above, that is coupled to
downstream end 906 first lumen 902. Diverter assembly 319 redirects the insulating
gas flowing through first lumen portion 910 and a second lumen portion 912 away from
the user and to atmosphere.

Although the invention is illustrated and described herein with reference to
specific embodiments, the invention is not intended to be limited to the details shown.
Rather, various modifications may be made in the details within the scope and range of

equivalents of the claims and without departing from the invention.
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CLAIMS
WHAT IS CLAIMED:

1. An apparatus for providing breathing gas to a patient comprising:

a base unit configured to provide a first flow of gas and a second
flow of gas;

a humidification canister configured to be coupled to the base unit,
the humidification canister including a first gas flow path configured to receive and
humidify the first flow of gas; and

a delivery tube assembly configured to be coupled to the
humidification canister, the delivery tube assembly including a first lumen configured for
fluid communication with the first gas flow path to receive the humidified first flow of gas
and a second lumen configured to receive the second flow of gas.

2. The apparatus according to claim 1, wherein the humidification canister
comprises a fluid supply chamber configured to hold a fluid in fluid communication with
the first gas flow path.

3. The apparatus according to claim 2, wherein the base unit comprises a
fluid heater configured to heat the fluid in the humidification canister.

4. The apparatus according to claim 2, wherein the humidification canister
further comprises a flat sheet membrane between the fluid supply chamber and the first
gas flow path.

5. The apparatus according to claim 4, wherein the flat sheet membrane
restricts passage of fluid from the fluid supply chamber into the first gas flow path.

6. The apparatus according to claim 2, wherein the first gas flow path
comprises a humidification chamber configured to receive fluid from the fluid supply
chamber to humidify the first flow of gas with the fluid from the fluid supply chamber,

7. The apparatus according to claim 6, wherein the humidification canister
further includes a second gas flow path configured to pass the second flow of gas and
the second gas flow path comprises an insulating chamber at least partially surrounding
the first gas flow path.

8. The apparatus according to claim 7, wherein the base unit further
comprises a gas heater configured to heat the second flow of gas such that the first flow
of gas in the humidification canister is insulated by the second flow of gas.

9, The apparatus according to claim 1, wherein the humidification canister is
releasably coupled to the base unit.

10. The apparatus according to claim 1, wherein the base unit comprises:

a gas flow source configured to deliver an initial flow of gas; and

a flow divider in fluid communication with the gas flow source
configured to divide the initial flow of the gas into the first flow of gas and the second

flow of gas.
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11. The apparatus according to claim 10, wherein the gas flow source is
configurable to deliver the first flow of gas to the patient at a delivery flow rate.

12, The apparatus according to claim 11, wherein an actual flow rate of the
first flow of gas is greater than the delivery flow rate during patient inhalation.

13. The apparatus according to claim 11, wherein an actual flow rate of the
second flow of gas decreases during patient inhalation.

14. The apparatus according to claim 11, wherein an actual flow rate of the
first flow of gas is less than the delivery flow rate during patient exhalation.

15. The apparatus according to claim 11, wherein an actual flow rate of the
second flow of gas increases during patient exhalation.

16. The apparatus according to claim 10, wherein the flow divider comprises:

a first compartment having a first compartment discharge port; and
a second compartment having a second compartment discharge
port extending coaxially with the first compartment discharge port.

17. The apparatus according to claim 16, wherein the second compartment
comprises a heater adapted to heat the second flow of the gas.

18. The apparatus according to claim 16, wherein the first compartment
discharge port is in fluid communication with the first gas flow path and the second
compartment discharge port is in fluid communication with the second gas flow path.

19. The apparatus according to claim 10, wherein the gas flow source
comprises a single source.

20. The apparatus according to claim 1, wherein the second lumen of the
discharge lumen is adjacent the first lumen of the discharge lumen.

21. The apparatus according to claim 1, wherein the first lumen of the delivery
tube assembly comprises an inner lumen and the second lumen of the delivery tube
assembly comprises an outer lumen extending generally coaxially with the inner lumen.

22. The apparatus according to claim 1, wherein the humidification canister
further comprises a second gas flow path configured to receive the second flow of gas,
insulate at least a portion of the first gas flow path, and provide the second flow of gas
to the second lumen.

23. The apparatus according to claim 22, wherein the humidification canister
further comprises a pressurization path between the second gas flow path and the fluid
supply chamber to pressurize the fluid supply chamber with the second flow of gas.

24, A heated and humidified breathing gas apparatus comprising:

a source of gas;

a humidification chamber operatively coupled to the source of gas,
the humidification chamber configured to heat and humidify a first portion of the gas
generated by the source of gas;
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an insulation chamber operatively coupled to the source of gas at
least partially surrounding the humidification chamber; and

a multilumen delivery tube assembly having a first lumen in fluid
communication with the humidification chamber and a second lumen adjacent the first
lumen in fluid communication with the insulation chamber.

25. The heated and humidified breathing gas apparatus according to claim 24,
wherein the insulation chamber is configured to insulate the humidification chamber with
a second portion of the gas.

26. The heated and humidified breathing gas apparatus according to claim 24,
further comprising a fluid supply operatively coupled to the humidification chamber to
transmit water vapor to the humidification chamber,

27. The heated and humidified breathing gas apparatus according to claim 24,
further comprising an insulation gas flow path through the insulation chamber providing
fluid communication between the gas source and the delivery tube assembly.

28. The heated and humidified breathing gas apparatus according to claim 27,
further comprising a pressurization path between the insulation gas flow path and the

fluid supply.
29. A method for providing breathing gas to a patient comprising:
a) generating a first flow of gas and a second flow of gas;
b) passing the first flow of gas along a first gas flow path and the

second flow of gas along a second gas flow path;

c) humidifying the first flow of gas in the first gas flow path;

d) insulating at least a portion of the first flow of gas passing along
the first gas flow path with the second flow of gas passing along the second gas flow
path; and

e) delivering the humidified first flow of gas to the patient for
inhalation by the patient.

30. The method according to claim 29, wherein step ¢) comprises humidifying
the first flow of gas with a fluid in fluid communication with the first gas flow path.

31. The method according to claim 30, wherein step c) further comprises the
step of heating the fluid.

32. The method according to claim 30, further comprising the step of
pressurizing a fluid supply chamber with the second flow of gas.

33. The method according to claim 29, further comprising the step of setting a
delivery flow rate of the first flow of gas to the patient.

34. The method according to claim 33, wherein an actual flow rate of the first
flow of gas is greater than the delivery flow rate during patient inhalation.

35. The method according to claim 33, wherein an actual flow rate of the first
flow of gas is less than the delivery flow rate during patient exhalation.
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36. The method according to claim 29, further comprising the step of heating
the second flow of gas such that at least a portion of the first flow of gas in the first gas
flow path is insulated by the second flow of gas.

37. A method of delivering heated and humidified breathing gas to a patient,

the method comprising the steps of:

a) generating a gas flow;

b) dividing the gas flow into a breathing gas flow and an insulating
gas flow;

c) heating and humidifying the breathing gas flow; and

d) delivering the heated and humidified breathing gas flow to the
patient.

38. The method according to claim 37, further comprising the step of heating
the insulating gas flow.

39. . The method according to claim 37, further comprising, after step c), the
step of insulating the heated and humidified breathing gas flow with the insulating gas
flow.

40. The method according to claim 37, wherein step d) comprises delivering
the heated and humidified gas flow through a delivery tube assembly.

41, The method according to claim 40, wherein step d) further comprises
using the insulating gas flow to insulate the heated and humidified breathing gas flow.

42. The method according to claim 40, further comprising the step of
discharging the insulating gas to atmosphere.

43, A base unit for use in a breathing gas heating and humidification
apparatus comprising:

a gas source configured to generate an initial gas flow, the gas source
having a gas source outlet;

a flow divider in fluid communication with the gas source outlet, the flow
divider configured to divide the initial gas flow into a first flow of gas and a second flow
of gas, the flow divider comprising a first compartment including a first gas flow path for
the first flow of gas and a second compartment including a second gas flow path for the
second flow of gas; and

a heater disposed in the second compartment.

44, The base unit according to claim 43, wherein the gas source comprises a
blower.

45, The base unit according to claim 43, wherein the gas source comprises an
external pressurized gas.

46. The base unit according to claim 43, further comprising a controller
operatively coupled to the gas source to set a delivery flow rate of the first flow of gas.
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47. The base unit according to claim 43, the base unit configured for use with
a humidification canister including a fluid supply chamber, the base unit further
comprising a humidifier heater configured to heat the fluid supply chamber.

48. The base unit according to claim 47, further comprising a controller
operatively coupled to the humidifier heater configured to regulate the temperature of
the humidifier heater based on a set delivery flow rate of the first flow of gas.

49, The base unit according to claim 47, wherein the controller is operatively
coupled to the humidifier heater configured to regulate the temperature of the humidifier
heater based on ambient air temperature.

50. The base unit according to claim 43, wherein the first gas flow path passes
through the second compartment.

51. The base unit according to claim 43, wherein the first gas flow path is
configured to be coupled to a humidifier for humidification of the first flow of gas.

52. The base unit according to claim 51, wherein the second gas flow path is
configured to be coupled to the humidifier for insulating the first flow of gas with the
second flow of gas.

53. A base unit for use in a breathing gas heating and humidification
apparatus comprising:

a blower configured to generate a gas flow; and
a flow divider in fluid communication with the blower, wherein the divider

is configured to divide the gas flow into a first portion of the gas flow and a

second portion of the gas flow.

54, The base unit according to claim 53, further comprising a controller
operatively coupled to the blower, wherein the controller is configured to operate the
blower to deliver the first portion of the gas flow at a delivery flow rate.

55. The base unit according to claim 53, further comprising a heater disposed
within the flow divider to heat the second portion of the gas flow.

56. The base unit according to claim 55, wherein the flow divider comprises a
first compartment configured to receive the first portion of the gas flow and a second
compartment configured to receive the second portion of the gas flow.

57. The base unit according to claim 56, further comprising a heater disposed
in the second compartment to heat the second portion of the gas flow.

58. The base unit according to claim 53, wherein the blower is configurable to
deliver the first portion of the gas flow to a patient at a delivery flow rate.

59. The base unit according to claim 58, wherein an actual flow rate of the
first portion of the gas is greater than the delivery flow rate during patient inhalation.

60. The base unit according to claim 58, wherein an actual flow rate of the
first portion of the gas is less than the delivery flow rate during patient exhalation,
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61. A method for use in generating breathing gas and insulating gas from a
gas source, the method comprising the steps of:

a) generating a flow of gas;

b) dividing the flow of gas into a first flow of gas and a second flow of
gas; and

c) passing the first flow of gas for delivery to a patient for inhalation.

62. The method according to claim 61, wherein step ¢) comprises the step of
delivering the first flow of gas to a humidifier.

63. The method according to claim 61, wherein step a) comprises the step of
generating the flow of gas using a single source.

64. The method according to claim 61, further comprising, prior to step a), the
step of setting a delivery flow rate of the first flow of gas for delivery to the patient.

65. The method according to claim 64, wherein step c) comprises delivering
the first flow of gas to the patient during patient inhalation at a rate greater than the
delivery flow rate.

66. The method according to claim 64, wherein step ¢) comprises delivering
the first flow of gas to the patient during patient exhalation at a rate less than the
delivery flow rate.

67. A humidification canister for humidifying a breathing gas, the
humidification canister comprising:

a fluid supply configured to supply a fluid;

a first gas flow path in fluid communication with the fluid supply,
the first gas flow path configured to humidify the breathing gas with the fluid; and

a second gas flow path at least partially surrounding the first gas
flow path.

68. The humidification canister according to claim 67, wherein the first gas
flow path includes:

a first gas flow inlet;

a humidification chamber having a humidification chamber
inlet in fluid communication with the first gas flow inlet and a humidification
chamber outlet; and

a first gas flow outlet in fluid communication with the

humidification chamber outlet.

69. The humidification canister according to claim 68, further comprising a
heater plate adapted to heat fluid in the humidification chamber.

70. The humidification canister according to claim 68, further comprising a
membrane disposed between the humidification chamber and the fluid supply.
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71. The humidification canister according to claim 68, wherein the fluid supply
generally surrounds the humidification chamber.

72. The humidification canister according to claim 68, wherein the second gas
flow path includes:

a second gas flow inlet;
an insulation chamber having an insulation chamber inlet in
fluid communication with the second gas flow inlet and an insulation chamber
outlet; and
a second gas flow outlet in fluid communication with the
insulation chamber outlet.

73. The humidification canister according to claim 72, wherein the insulation
chamber is coupled to the fluid supply to pressurize the fluid supply.

74. The humidification canister according to claim 72, wherein the first gas
flow inlet is generally coaxially aligned with the second gas flow inlet.

75. The humidification canister according to claim 72, wherein the first gas
flow outlet is generally coaxially aligned with the second gas flow outlet.

76. The humidification canister according to claim 72, wherein the first gas
flow inlet and the second gas flow inlet are configured to coaxially couple to a source of
gas.

77. The humidification canister according to claim 72, wherein the first gas
flow outlet and the second gas flow outlet are configured to coaxially couple to a delivery
tube.

78. The humidification canister according to claim 72, wherein the fluid supply
generally surrounds the humidification chamber.

79. The humidification canister according to claim 78, wherein the insulation
chamber extends at least partially between the humidification chamber and the fluid
supply chamber.

80. The humidification canister according to claim 68, wherein the fluid supply
is releasably coupled to the humidification chamber.

81. The humidification canister according to claim 67, wherein the fluid supply
has a generally circular cross section having a central opening therein.

82. The humidification canister according to claim 81, wherein the first gas
flow path extends through the central opening.

83. The humidification canister according to claim 81, wherein the second gas
flow path extends through the central opening.

84. A method of pressurizing a supply of humidification fluid within a
humidification canister comprising the steps of:

a) generating a flow of a breathing gas along a first gas flow path;
b) generating a flow of an insulating gas along a second gas flow path;
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¢) providing a supply of a humidification fluid within the humidification
canister to humidify the breathing gas; and
d) providing fluid communication between the second gas flow path and
the supply of the humidification fluid to pressurize the supply of the humidification fluid
with the insulating gas.

85. The method according to claim 84, further comprising, after step d), the
step of humidifying the breathing gas along the first gas flow path with the
humidification fluid.

86. A method of insulating a breathing gas in a humidification canister using a
gas, the method comprising the steps of:

a) directing a flow of a breathing gas along a first gas flow path including
the humidification chamber; and

b) directing a flow of an insulating gas along a second gas flow path
including an insulating chamber at least partially surrounding the humidification
chamber, wherein the insulating gas at least partially insulates the breathing gas.

87. The method according to claim 86, further comprising the step of
discharging the breathing gas from the humidification chamber into a delivery tube.

88. The method according to claim 86, wherein step a) comprises directing the
flow of the breathing gas through a humidification chamber inlet and wherein step b)
comprises directing the flow of the insulating gas through an insulating chamber inlet,
wherein the insulating chamber inlet surrounds the humidification chamber inlet.

89. The method according to claim 86, wherein step a) comprises directing the
flow of the breathing gas through a humidification chamber outlet and wherein step b)
comprises directing the flow of the insulating gas through an insulating chamber outlet,
wherein the insulating chamber outlet surrounds the humidification chamber outlet.

90. A humidification canister for humidifying a flow of breathing gas, the
humidification canister comprising:

means for supplying a fluid;

means for humidifying a first gas flow with the fluid along a first
gas flow path; and

means for at least partially insulating the first gas flow with a
second gas flow.

91. A delivery tube assembly for delivering a breathing gas to a patient, the
delivery tube comprising:

a first lumen having an upstream portion and a downstream portion, the
lumen configured to deliver the breathing gas from the upstream portion to the
downstream portion; and

a second lumen configured to flow an insulating gas around the first lumen.

30



10

15

20

25

30

35

WO 2009/011907 PCT/US2008/008792

92. The delivery tube assembly according to claim 91, wherein the second
lumen is configured to discharge the insulating gas to atmosphere.

93. The delivery tube assembly according to claim 91, further comprising a
diverter assembly coupled to the downstream portion of the first lumen that is adapted
to divert the insulating gas in a direction away from the downstream portion of the first
lumen.

94, The delivery tube assembly according to claim 93, wherein the diverter
assembly is swivelly coupled to the downstream portion of the first lumen.

95. The delivery tube assembly according to claim 91, wherein the second
lumen comprises a first lumen portion extending between the upstream portion of the
first lumen and the downstream portion of the first lumen, and a second lumen portion
extending from the downstream portion of the first lumen portion and toward the
upstream portion of the first lumen, wherein the first lumen portion is in fluid
communication with the second lumen portion at the downstream portion of the first
lumen.

96. The delivery tube assembly according to claim 91, wherein the second
lumen at least partially surrounds the first lumen.

97. The delivery tube assembly according to claim 91, wherein the first lumen
is disposed within the second lumen.

98. The delivery tube assembly according to claim 97, further comprising a
plurality of spacers disposed within the second lumen such that the first lumen is
generally centered within the second lumen.

99, The delivery tube assembly according to claim 98, wherein each of the
plurality of spacers comprises an arcuate frame extending in a plane and a plurality of
longitudinal struts extending generally perpendicular to the plane.

100. The delivery tube assembly according to claim 98, wherein each of the
plurality of spacers comprises a fin coupled to the first lumen.

101. A delivery tube assembly configured to be coupled to a humidifier, the
delivery tube assembly comprising:

an inner lumen with an upstream portion configured to receive humidified
breathing gas from the humidifier and a downstream portion configured to deliver
the humidified breathing gas to a breathing device; and

an outer lumen surrounding the inner lumen that is configured for coupling
to the humidifier to receive an insulating gas.

102. The delivery tube assembly according to claim 101, further comprising a
flow diverter assembly coupled to the inner lumen proximate to the downstream portion
of the outer lumen.

103. The delivery tube assembly according to claim 101, wherein the outer

lumen is open to atmosphere.
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104. A delivery tube assembly for delivering a breathing gas to a patient
comprising:
an inner lumen adapted to transmit a breathing gas;
an outer lumen at least partially surrounding the inner lumen, the outer lumen
adapted to transmit an insulating gas and discharge the insulating gas to atmosphere;
and
a diverter assembly positioned to divert the insulating gas being discharged from
the outer lumen to the atmosphere.
105. The delivery tube assembly according to claim 104, wherein the outer
lumen is adapted to transmit the insulating gas along the length of the inner lumen.
106. A method of insulating heated and humidified breathing gas with an
insulating gas in a delivery tube assembly having a first lumen and a second lumen, the
method comprising the steps of:
a) flowing the heated and humidified breathing gas through the first
lumen; and
b) flowing the insulating gas through the second lumen, wherein the
insulating gas at least partially insulates the heated and humidified breathing gas.

107. The method according to claim 106, further comprising, after step b), the
step of discharging the insulating gas to atmosphere.

108. The method according to claim 106, wherein step a) further comprises
flowing the heated and humidified breathing gas in a first direction and wherein step b)
further comprises flowing the insulating gas in the first direction.

109. The method according to claim 108, further comprising the step of, after
flowing the insulating gas in the first direction, flowing the insulating gas in a second
direction, opposite the first direction.

110. The method according to claim 106, further comprising the step of, prior
to step b), heating the insulating gas.

111. A method of insulating a breathing gas with an insulating gas and

discharging the insulating gas to atmosphere, the method comprising the steps of:

a) receiving the breathing gas in an upstream end of a delivery tube;

b) receiving the insulating gas in the upstream end of the delivery
tube;

c) discharging the breathing gas from a downstream end of the

delivery tube into a breathing device;
d) flowing the insulating gas from the upstream end of the delivery
tube, through the delivery tube, to the distal end of the delivery tube; and

e) discharging the insulating gas from the delivery tube to atmosphere.
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112. The method according to claim 111, wherein step d) comprises discharging
the insulating gas to atmosphere from the downstream end of the delivery tube.

113. The method according to claim 111, wherein step a) comprises discharging
the breathing gas into an inner lumen of the delivery tube.

114. The method according to claim 111, wherein step b) comprises discharging
the insulating gas into an outer lumen of the delivery tube.

115. The method according to claim 114, further comprising, between steps d)
and e) the step of directing the insulating gas from the distal end of the delivery tube to
the proximal end of the delivery tube.

116. The method according to claim 111, further comprising the step of, prior
to step b), heating the insulating gas.

33



000000000000000000000000000000




PCT/US2008/008792

WO 2009/011907

2/22

0/C

861 crz zil 9z
N L [
| i
$61 LT =1 Lg_ | /_% |
9rz = ==L TN
_ == . uﬂm B
5oz TN e ﬁﬂw RS
i imsg A
omw\m“ ﬁ §
0 [ %
25— 7 | imN
7.2 967 — 14 = o
SO e Pl
T B

AR

L5 ¢cvZ ygz  ¥vO!

00!

SUBSTITUTE SHEET (RULE 26)



234

WO 2009/011907

3/22

PCT/US2008/008792

FIG. 3

] |
N
H .
©

N :/;/w
/— e ———

G

M

SUBSTITUTE SHEET (RULE 26)



PCT/US2008/008792

WO 2009/011907

4/22

VE

'Ol

cll

SUBSTITUTE SHEET (RULE 26)



WO 2009/011907

102

5/22

122

SUBSTITUTE SHEET (RULE 26)

PCT/US2008/008792

124

FIG. 4



WO 2009/011907 PCT/US2008/008792
6/22

FIG. 5

~t
(8
\\
\\
—
. )
© ™~
(9)}
M
N N
Q A
\\\/\
~
=]
Q
M
/ P
00
Q §
L - o %

120___—
T~

SUBSTITUTE SHEET (RULE 26)



WO 2009/011907

7/22

PCT/US2008/008792

180

SUBSTITUTE SHEET (RULE 26)

FIG. 6



WO 2009/011907 PCT/US2008/008792
8/22

SUBSTITUTE SHEET (RULE 26)



WO 2009/011907 PCT/US2008/008792
9/22

. Operate
A&gﬂe Pushbutton
132 200 224
l \ 222 218
External Water Level
Serial (USB) > Sense
Communications Micro
Interface va LVPS o Controller
i # Circuit
Temperature
216 3
214 ense
AC Power \ Blower | 220
Entry Q::') DC Power Supply Control 206
Module y Signal o
(Power Blower Control
: Signal Blower ~| Blower
switch and Controller
line/neutral
side fuse) Heater
/ ;i> Driver - 212 112
208 5 0/4 l Htr
Hir Thérmal ~ Thermistor
Fuse
Heater ™~—180
_L_> Plate (Humidifier)
Heater Driver : ; Thermistor
RZOZ 210
Thermal
Fuse
- Heater
198~

FIG. 9

SUBSTITUTE SHEET (RULE 26)



104

WO 2009/011907
10/22

—138

— 144

)

2?2

PCT/US2008/008792

237
I
——
""" U

144 ——

138——

SUBSTITUTE SHEET (RULE 26)

230

FIG. 10



WO 2009/011907

11/22

240

238

T

&

235

SUBSTITUTE SHEET (RULE 26)

PCT/US2008/008792

FIG. 11




WO 2009/011907 PCT/US2008/008792
12/22

o\
N <
V.
N .
O
LL
©
V.
W\
<
N N Q
N -~ .
) 9
™ LL

248

246

SUBSTITUTE SHEET (RULE 26)



WO 2009/011907

PCT/US2008/008792

13/22

FIG. 14A

SUBSTITUTE SHEET (RULE 26)

FIG. 15A

265

FIG. 15



WO 2009/011907
14/22

|
?00

PCT/US2008/008792

FIG. 28

©
<
oY @
T
l—t‘ =
N
g ! .
1
S

SUBSTITUTE SHEET (RULE 26)




SUBSTITUTE SHEET (RULE 26)



PCT/US2008/008792

WO 2009/011907

16/22

61 ©Old

982z 3j(\»mmw

882 892
e gl "9l rsz
r A Y
9/7
N Al osc
HUH U0
701
/7] z/Z §
8/7 022 —
) ) H/%M ﬁ WM W b|”|_3_m
N \ 97 1404 \ //
N\

SUBSTITUTE SHEET (RULE 26)



PCT/US2008/008792

WO 2009/011907

17/22

SUBSTITUTE SHEET (RULE 26)



314

WO 2009/011907

310

PCT/US2008/008792
18/22

(’777
B 318

FIG. 26

312

276

270

SUBSTITUTE SHEET (RULE 26)



PCT/US2008/008792

WO 2009/011907

19/22

va\

01€ Alquiasse Japaalp ybnoiyy pue
901 Alquasse aqn} AJaAI[ap Jo 9/ uswnj
Ja)no ybnoay; seb Jo mojy puodas Jaai(Q

1

8¢ m,\

901 Ajquasse aqn} AJsAijep Jo 9/ uain|
J8Jno ojul pue Jaisiued Uolesyipiuny
wouj seb Jo moj} puooas abieyosig

i

yied moy seb jsay ojul

9¢ m/

Z9z uswinj seb Bunejnsu
ybnouyy seb jJo mop puodss Joaliq

| | pue vz epaw Jayy ybnoiyy
Jodea jwisues pue gg| Jajeay

Jayiplny ynm , 4, PINg yesH

il

0€¢ Jequieyd uonedyipiuny
ul Sef Jo MOJ} JSJi} 8JeInsul 0} £€7 Joquieyd
Bunensul ui Seb Jo mojj puodss as

seb Jo moj}
~ PUCD3S UlIM , 4, PIny ainsald

N

8§25

i

o
'
~~

£eZ Joquieyd Bunensul
OJul pue ggz uswin| seb Bugensut
ybno.y} seb Jo moy puodas 10alidg

_ L ¥ WONoq pij ul €9¢
_ Buiuado eia 4, ping pue yyed
\ Mmoj} seb puodas usemiaq
ZZG” |uonesiunwwod pinjy apiaold

=
9
\

00| wajsAs o uin} 0}
g1,z uonng Jamod ssaid ‘asn Jaly

f

Jasn Aq uonejeyu
10} g0 @o1nap Buiyyesiq oy pue gg| Ajquiasse
agn) AJaAIjBp Jo 0z uswnj Jauul ybBnouyy
seb Buiyjealq psyipiwny pue psjesy joaliq

i

00} Alqwasse agn) Auaajjap Jo 0/ uswnj
Jauul ojul pue Jasiued uoleayipiluny woJy seb
Buiyyealq palipiuny pue payesy abseyosiq

i

L9z uawn| seb Buiyyeaiq ybno.y}
seb Buiyjesiq payipiuny pue pajeay 108iiq

t

seb Buiyiealq payipiuny pue pajesy
Butessusb ‘ggz Jaquieyd uoneoyipiwny ui Jod
-eA pinjj Yiim seb jo molj 3s. AYipiwiny pue jeay

t

(€2 Jaquieyd uoleayipiuny ojui pue Ggg ustun
seb Buiyieaiq ybno.y; seb Jo moy 1sui 10auQ

N

0lG

il i 1S i
0g] Jereay 50L JOISIUE0 UONEOUPILNY ured moyy 1s.iy Buoe seb Jo moy isdi Joaia
Buneinsul yim seb Jo Moy puooss JesH J1 u.a. ping spinoig 809 ]
T 0cs : . . (seb Bunensul) seb jo moyy puoaas pue
mred Moy ‘IH 906 (seb Buiyyea.q) seb Jo moy jsu1} ojul seb apialg
puodes Buoje seb Jo moj) puoass JoailQ 1
$0C seb jo moy [emu Bunessusb ‘g} | Jamojq LelS
i
006 Z0S ZL | Jamojq Jo paads 103

SUBSTITUTE SHEET (RULE 26)



WO 2009/011907

PCT/US2008/008792
20/22

600

FIG. 30

60171

R

FIG. 29

SUBSTITUTE SHEET (RULE 26)



PCT/US2008/008792

WO 2009/011907

21/22

80!

vig vo8 9.8 208
N m!./Jt
-~ —— —— —— —— -
T —— ——— = mar

SUBSTITUTE SHEET (RULE 26)



PCT/US2008/008792

WO 2009/011907

22/22

801

01€
VI Zl6 zo6  ¥06
i
T t——t
e
= / /

— 016 806

Qom\

SUBSTITUTE SHEET (RULE 26)



International application No.

PCT/US2008/008792

INTERNATIONAL SEARCH REPORT

A. CLASSIFICATION OF SUBJECT MATTER

A61M 16/00(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC 8: A61M 16/00, A61M 15/00, BOIF 3/04

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean Utility models and Applications for Utility models since 1975
Japanese Utility models and Applications for Utility models since 1975

eKIPASS(KIPO internal)

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A US 3659604 A (Fisher & Paykel Limited) 2 May 1972 1-116
See the whole document.

A US 4921642 A (Puritan-Bennett Corporation) 01 May 1990 1-116
See the whole document.

A US 6718974 B (Mallinckrodt, Inc.) 13 April 2004 1-116
See the whole document.

A US 2006/0184096 A (Ott, Douglas E. et al.) 17 August 2006 1-116
See the whole document.

A US 7111624 B (Fisher & Paykel Healthcare Limited) 26 September 2006 1-116
See the whole document.

|:| Further documents are listed in the continuation of Box C.

& See patent family annex.

* Special categories of cited documents:

"A"  document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L"  document which may throw doubts on priority claim(s) or which is

cited to establish the publication date of citation or other

special reason (as specified)

document referring to an oral disclosure, use, exhibition or other

means

"P"  document published prior to the international filing date but later
than the priority date claimed

Q"

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

e

yn

"&" document member of the same patent family

Date of the actual completion of the international search

18 DECEMBER 2008 (18.12.2008)

Date of mailing of the international search report

18 DECEMBER 2008 (18.12.2008)

Name and mailing address of the ISA/KR

Korean Intellectual Property Office
Government Complex-Daejeon, 139 Seonsa-ro, Seo-
gu, Daejeon 302-701, Republic of Korea

Facsimile No. 82-42-472-7140

Authorized officer ;

CHANG, BONG HO

Telephone No.  82-42-481-8289

Form PCT/ISA/210 (second sheet) (July 2008)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2008/008792

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 3659604 A 02.05.1972 DE 2032421 A1 06.04.1972

US 4921642 A 01.05. 1990 CA 2005499 A1 27.06. 1990
EP 0376584 A3 27.12.1990
EP 0376584 A2 04.07.19390
JP 02-224765 06.09. 1990
JP 2224765 A 06.09. 1990

US 6718974 B1 13.04.2004 None

US 2006-0184096 A1 17.08.2006 AU 2000-50281 A1 05.12.2000
AU 2000-50281 B2 05.12.2000
AU 5028100 A 05.12.2000
AU 780294 B2 17.03.2005
CA 2370856 A1 23.11.2000
EP 1185329 A1 13.03.2002
JP 2003-516772 20.05.2003
JP 2003-516772 T 20.05.2003
PA 01011625 A 04.06.2002
NZ 515704 A 25.06.2004
US 7449007 11.11.2008
WO 00-69511 Al 23.11.2000

US 7111624 B2 26.09.2006 US 7146979 12.12.2006
US 2001-0050080 A1 13.12.2001
US 2003-066526 A1 10.04.2003
US 2006-0237012 A1l 26.10.2006

Form PCT/ISA/210 (patent family annex) (July 2008)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - wo-search-report
	Page 59 - wo-search-report

