9 February 2004 -1 "HUMIDITY CONTROLLER" TECHNICAL FIELD This invention relates to
breathing assistance apparatus, particularly but 5 not solely, for supplying optimal humidity
temperature of gases to a patient to assist the patient's breathing. BACKGROUND ART A number of
methods are known in the art for assisting a patient's 10 breathing. Continuous PogitfushAirsitgy2004
pressure or CPAP involves the administration of air under pressure to a patient, usually by a nasal
mask. It is used in the treatment of snoring and Obstructive Sleep Apnea (OSA), a condition

characterised by repetitive collapse of the wppgh\AIrNF YA NTRENIatiq. Positive pressure splints
the upper airway open, preventing its 15 collapse. Treatment of OSA with nasal CPAP has proven to

be both effective and safe, but CPAP is difficult to use and the majority of patients experience

significant side ewwﬂq e early stages of treatment. Upper airway symptoms adversely
affect treatment wi -'Mucosal” drying is uncomfortable and may awaken patients during the

night. Rebound 20 nasghiohgastitonaeiares idybeegtiiih g assist e delfpaincudayasion o viral
infection. If untreated, upper airway symptoms adversely affect rates of CPAP use. Increases in nasal

resistance nvay diftict SAEI¥VE GUDP VNG RNk hHBNGE R LeIpRBERBHA O hgasasd deRAtedO

effectiveness of tfeg tﬁﬁ%?ﬁv&igﬁl,imﬁ)ressure is determined for each patient using CPAP and
this pressure is set at the mask. Changes I nasal resistance affect pressure delivered to the pharynx

and if the changes are of sufficient magnitude there may be recurrence of snoring or airway collapse.
Such symptoms can also occur in_a hospital environment where a patient 30 is on a respirator.

Typically in such Baatdakar b%&l% intubated.

A number of methods are known in the art for assisting a patient’s
10  breathing. Continuous Positive Airway pressure or CPAP involves the
administration of air under pressure to a patient, usually by a nasal mask. It is
used in the treatment of snoring and Obstructive Sleep Apnea (OSA), a
condition characterised by repetitive collapse of the upper airway during
inspiration. Positive pressure splints the upper airway open, preventing its
15  collapse. Treatment of OSA with nasal CPAP has proven to be both effective
and safe, but CPAP is difficult to use and the majority of patients experience
significant side effects, particularly in the early stages of treatment.
Upper airway symptoms adversely affect treatment with CPAP. Mucosal
drying is uncomfortable and may awaken patients during the night. Rebound
20  nasal congestion commonly occurs during the following day, simulating a viral
infection. If untreated, upper airway symptoms adversely affect rates of CPAP
use.
Increases in nasal resistance may affect the level of CPAP treatment
delivered to the pharynx, and reduce the effectiveness of treatment. An
25 individual pressure is determined for each patient using CPAP and this pressure
is set at the mask. Changes in nasal resistance affect pressure delivered to the
pharynx and if the changes are of sufficient magnitude there may be recurrence
of snoring or airway collapse.
Such symptoms can also occur in a hospital environment where a patient
30 is on a respirator. Typically in such situations the patient is intubated.

Therefore the throat tissue may become irritated and inflamed causing both



Therefore the throat tissue may become irritated and inflamed causing both 9 February 2004 -2
distress to the patient and possible further respiratory problems. A number of methods may be
employed to treat such upper airway symptoms, including pharmacologic agents to reduce nasal
disease, or heating the bedroom. One most commonly employed method is humiddi¢asisnu af yreod4
inspired air using an in line humidifier. Two types of humidgfier are currently used. Cold passover
humidifiers rely on humidifying the air through exposure to a large surface area of water. While they

are cheap, the hyaigiias agtimét jairtainHisbsamKs fireierisd it FHPophsakite humidity at flows

above 25L/min. The output is insufficient to prevent mucosal drying. Heated water bath 10 humidifiers
are more efficient, and grodu@®eighf |eveiBasishinAdieg @raplayetgko ftratratsh) TREgrapéremyctive at

preventing upper. ?rph gg n%“ﬁ?cﬁﬂhﬂﬁﬁ@ﬁgﬁ%@@é@%ﬁﬁﬁw refae rﬁf‘ég}ad]ggas%n@@ég%ﬁﬁyzost

reliable means OF eating “upper air eseé active systens wi ome

degree or other, thé isethdemsatOne(aiggirsihinipetiplogecpmeectd dsthamidifidégo toothghatient.
The degree of condensation is strongly dependent on the ambient temperature, being much greater

for greater qﬁ‘feréH%Bg%ﬂh?é&%@rhfﬁﬂi@ﬁt%m%ﬁﬁﬁreTélM@l_tYl%sg%fs_hthBmﬁU?é.e FHE QBFHaf[ion of
large quantities Cﬁs‘é’&t@gol?i%gﬁ@@rﬂﬂ'%i&i'ﬁﬂ?g Bﬂ%ﬂjﬂd%ﬁﬁ.@gﬁé%Pwm@i@gé%@ﬁe tient,

may accelerate cooling e gas, may eventually occ Ing, or ma into the
patient. Also, thegdatigmsuntacea e eheatdistiimiertheyrere theaphihg basedity® utielitisrkxhedt

resuls i inefioiSNB LGB HRLHLNE 2 P G ARG RIS 8 IDARGBHA EaEHnent.
where the ambie‘?h%?'&%’lﬁt%eiﬁid?‘ﬁc@?ﬁ?QWH@\%WﬂtHHﬂéB@ah%?ﬁ@.enVin)éHf&i‘R/\'}%t‘é?rBHi’Hed by air
conditioning for example, the required temperature for the humidified gases supplied by the

10  humidifiers are more efficient, and produce high levels of humidity even at high
flow rates. They are effective at preventing upper airway mucosal drying,
prevent increases in nasal resistance, and are the most reliable means of treating
upper airway symptoms.

Any of these active systems will have, to some degree or other,

15  condensation (or rain out) in the tubing connecting the humidifier to the patient.
The degree of condensation is strongly dependent on the ambient temperature,
being much greater for greater differences between the ambient temperature and
the gas temperature. The formation of large quantities of water in the breathing
tubing causes considerable inconvenience to the patient, may accelerate cooling

20  of the gas, may eventually occlude the tubing, or may be expelled into the
patient. Also, the patient may experience discomfort, when breathing gases are
delivered at temperatures widely divergent from that of the ambient temperature.

Excessive condensation also results in inefficient usage of the water in the
humidifying chamber.

25 In a hospital environment, where the ambient temperature of the
atmosphere within the hospital environment is controlled by air conditioning for
example, the required temperature for the humidified gases supplied by the
apparatus may be controlled within set temperature parameters that are
sufficiently close to the ambient temperature to prevent condensation within the

30 conduit. However itis still necessary to have good control over the temperature

and humidity of gases as they are actually supplied to the patient.



apparatus may be controlled within set temperature parameters that are sufficiently close to the
ambient temperature to prevent condensation within the 30 conduit. However it is still necessary to
have good control over the temperature and humidity of gases as they are actually supplied to the
patient. 9 February 2004 -3 In the home care environment in which a user requires oRégs hanidifpag
apparatus at home, the range of ambient and gas temperagures may well exceed that of the hospital
environment. In the home care environment, the user will usually wear a face mask which is

connected to end O_f thelﬁQﬁé‘HErﬂ@@aﬁ‘é@h?iﬁ)HHﬂﬂifﬂvﬁlébﬂ Qﬁﬁ?éhiﬁiﬁé@t@gﬁé%ﬁﬁﬂﬂﬁ?m nt for the
treatment of breathing and sleep apnea disorders and/or in conjunction with ventilators or CPAP

devices. In additi@PRaeiaekomentitifiengaes eomRORRNEBRIPEIPEEAILIFRS MRy Miehhexsaed over
humidification tegniyen (D de. Ak oW BRARIYL [ESHECHIRshas and Favkel s fsalsd apfuit for 10

a humidified breathing assistance apparatus 1$ disclos ICh'includes a temperature probe at the

end of a heated ¢godHif- \Byahedfdee haskondidhtireconabbesastoedaiingf tthe @amelndednd sodheaconduit
may be overcome. However in order to implement closed loop control over the temperature of the

supplied gales (HBIHERTGIBLRE PeRFdNi LR R ENGFRNMHE IR BRIt eRt ol pribdgary to
measure the te a e [ ich, it j ied ' T rature
probe and its ag;%?g:%(\;gfa/iﬁ ggi%c%gcéerg‘%gér) fﬁ@&?g&@@gg ?he%@cﬁgn%gﬁ{%r?h%?fg@gﬁask or
intubated patientdaviicesandntheuléiore nooreaainehuiovaibiertoartheopatirmty Tére pdtyreditititsilogbe

advantageous if g heated conduit for a hu i?jfied breatEin assistance apparatus 20 could be
implemented Witﬂ&%m%sﬁo@éﬂ@%ﬁi lﬁ%tmﬁ%p Nﬁ\éeend of the conduit. It would also be

advantageous to have aMgsipaicRiPHaN095 1hes RNAUSRHERSPRIREN 8P atBathiRIOREGRING
correctly. DISCLOSURE OF THE INVENTION 25 It is an object of thé present invention to provide a
breathing atistedwimidified breathing assistance apparatus is disclosed which includes a
temperature probe at the end of a heated conduit. By heating the conduit the
problems relating to condensation in the conduit may be overcome. However in
order to implement closed loop control over the temperature of the supplied
gases (and therefore the power input to the conduit heater element), it is
15  necessary to measure the temperature as close to the point at which it is supplied
as possible. The temperature probe and its associated wiring included for this
purpose make the attachment to the face mask or intubated patient bulky and
therefore more uncomfortable for the patient. Therefore it would be
advantageous if a heated conduit for a humidified breathing assistance apparatus
20  could be implemented without the need for a temperature probe at the end of the
conduit. It would also be advantageous to have some indication, when the

conduit heater is energised, that it is operating correctly.

DISCLOSURE OF THE INVENTION
25 It is an object of the present invention to provide a breathing assistance
apparatus which goes some way to overcoming the abovementioned
disadvantages or which at least provides the public or industry with a useful
choice.
Accordingly in a first aspect the present invention consists in a breathing
30 assistance apparatus adapted to deliver humidified gas at a desired level of

humidity or at a desired temperature to a patient using open loop control



apparatus which goes some way to overcoming the abovementioned disadvantages or which at least
provides the public or industry with a useful choice. Accordingly in a first aspect the present invention
consists in a breathing 30 assistance apparatus adapted to deliver humidified gas at a desired level of
humidity or at a desired temperature to a patient using open loop control 9 Februarg 2 uéry 2004
comprising: a humidifier having an electrical input power gnd capable of humidifying said gases up to
a level of humidity prior to delivery to said patient, said level of humidity depending on said input
power to said hugygifigisiagd 5 a controller or processor configured or programmed to: (a) determine a
parameter relating to the flow rate of said gases through said apparatus; (b) determine based on at
least said parameter thé@ fetniedtias|baviogiapelestiaplingus arvwai g faped e eursigingises to said

Pty or saic SRR R U e U S B Sl BT SRR L O povier

substantially simhainiidigidieissatitigesh paideninryidovsaid baimibifiaidifier saapnd aspect the present
invention consists in a breathing assistance 15 apparatus adapted to deliver humidified gases at a

desired levePof humiditf 6PBIrAIQE S ficesspR AT IHIEhAliPReSERIR’hd2a humidifier having an
electrical input power ag

Pl . ; - . deli
to said patient, said lev %o?aﬁl?r%{?d@@%g%%@@ 3?1@?53%'?2@@{% the lﬁ}ﬁ%_%@ﬁ]’%&{@{%%g elvery

power to said, 20 a cond

conveying said himodijiedagd sep@ratusaid humidifier to said patient, and a controller or processor

including stored inStrUCt&B?S to(:Jletermine based on at least said parameter the required electrical
power input to said humidifier to deliver said gases to said patient at a level of

10  humidity or at a temperature substantially similar to said desired level of
humidity or said desired temperature;

(c)  supply as said input power to said humidifier a level of power
substantially similar to said determined power input to said humidifier.

In a second aspect the present invention consists in a breathing assistance

15  apparatus adapted to deliver humidified gases at a desired level of humidity or at
a desired temperature to a patient comprising:

a humidifier having an electrical input power and capable of humidifying
said gases up to a level of humidity prior to delivery to said patient, said level of
humidity depending on said input power to said,

20 a conduit for conveying said humidified gases from said humidifier to
said patient, and

a controller or processor including stored instructions to:

(@)  determine a parameter relating to the flow rate of said gases
through said apparatus;

25 (b)  determine based on at least said parameter the required electrical
power input to said humidifier to deliver said gases to said patient at a level of
humidity or at a temperature substantially similar to said desired level of
humidity or said desired temperature;

(c)  supply as said input power to said humidifier a level of power

30 substantially similar to said determined power input to said humidifier;

(d)  continuously monitor said parameter or said variable, and when a



(a) determine a parameter relating to the flow rate of said gases through said apparatus; 25 (b)
determine based on at least said parameter the required electrical power input to said humidifier to
deliver said gases to said patient at a level of humidity or at a temperature substantially similar to said
desired level of humidity or said desired temperature; (c) supply as said input powey FeBaichhyxrodifier
a level of power 30 substantially similar to said determineg power input to said humidifier; (d)
continuously monitor said parameter or said variable, and when a 9 February 2004 -5 change in said

parameter or Saighﬁlf@%biﬁ E%Ef%ﬁfﬁb@'ﬂ arfsaidivashple Eﬁ@?e&@ﬂtfﬁﬂﬁraoﬁ RIOGRESABIELEIES to said
instruction (b) and when a change in said parameter or said variable is greater than a second

threshold said ca¥rsNellesropRseessan RS 6 FithiasisHo@ong raeinhesasrgrisaiid
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controller or processor révertsto said instruc ) and It said change indicates an incréase in flow a

relatively long defaydessavsevebefaargaidatimir@lier or processor reverts to said instruction (b). 10 In
a third aspect the present invention consists in a breathing assistance apparatus adapted to deliver
e‘i@'@lr

humidified glses at a d¥4HE8IRVEISBIhGRARES dn Said AesHEg RS ¥aldaR IS atiEHERS I Brising: a
humidifier havin tricad ] humidification.c r t j lume of
water and watergH%%rtgeér%tgo 'iﬁgtajs\'gi sv%\%(eﬁr\r/gjy 1 p‘gg%?y v@gtg@\?aggoegﬁaiggsggm%%gﬁﬂ use,

said gases passippptessog nesaids/ta ks o apsitu ¢t aaidh chadnitb v ithehetng d endgchtes atifiadreasd capable

Pumicty cepencig DI RARACRELRY NarAUATS) CFOGAE ConUOlle Or processor
reverts to said instruction (b).
10 In a third aspect the present invention consists in a breathing assistance
apparatus adapted to deliver humidified gases at a desired level of humidity or at
a desired temperature to a patient comprising:

a humidifier having an electrical input power, a humidification chamber

adapted to receive a volume of water and water heater to heat said water to

15  produce water vapour within said chamber in use, said gases passing through
said water vapour in said chamber thereby being humidified, and capable of
humidifying said gases up to a level of humidity prior to delivery to said patient,
said level of humidity depending on said input power to said humidifier,
including

20 a conduit for conveying said humidified gases from said humidifier to
said patient, and

chamber sensing means providing an indication of the temperature of said
water heater and providing an indication of the electrical power drawn by said
water heater,

25 a controller or processor including stored instructions to:

(@)  energising said water heater to heat said water towards a first
condition, continuously monitoring said parameter or, determine a variable
indicative of a property of said water heater and continually monitoring said
variable, until said variable or said parameter indicates that said water has

30 substantially reached said first condition, and determine a parameter relating to

the flow rate of said gases through said apparatus based on at least said variable



20 a conduit for conveying said humidified gases from said humidifier to said patient, and chamber
sensing means providing an indication of the temperature of said water heater and providing an
indication of the electrical power drawn by said water heater, 25 a controller or processor including
stored instructions to: (a) energising said water heater to heat said water towards agdirstb¢aa@tioo04
continuously monitoring said parameter or, determine a vagiable indicative of a property of said water
heater and continually monitoring said variable, until said variable or said parameter indicates that

said water has 3@ RUbsi@HaibatRAcOEtheaidibrab FRAPitanaed determine a parameter relating to the
flow rate of said gases through said apparatus based on at least said variable 9 February 2004 -6 and

said indication of the extB)nal @effiernankases aewirlnast widparemataetin raquifedatesteictie
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humidity or at a températtire subs ally similar to said"desired fevel o umidity or said

temperature; (c) Bupibigs caigtiaptsrnpevetue saidhamidifiersintéig! o gaitletesirestdatiallyosimilar to
said determined Eower_input to_said humidifier. wherein said variable is indicative of said indication of

the t_emperaﬁlre P%@W&E?ﬂgﬁﬁﬂrﬂ%ﬁmﬁt&f&;indication of the power drawn by said water 10
heating means and salct@ara Eﬁa%%@%@ﬁdﬁrl}ﬁ?&?gﬁgﬁw ﬁ'iﬁjéﬁ“é(']é%lstﬂ’_ YRS heater

divided by said temperature of s ater a fourth aspect the present invention consists in a
breathing assistasutistappatytsisrakiaiteshid detareninechjubfiest gaestasaiddsiraitliéeel of humidity or at

ot humiditying satd gasB05 152 VRl BPILISERIFBHLF & SRR S bR R Aot
said water heating means or said indication of the power drawn by said water

10  heating means and said parameter is defined as the value of said power drawn by
said water heater divided by said temperature of said water heater.

In a fourth aspect the present invention consists in a breathing assistance
apparatus adapted to deliver humidified gases at a desired level of humidity or at
a desired temperature to a patient comprising:

15 humidifier having an electrical input power capable of humidifying said
gases up to a level of humidity prior to delivery to said patient, said level of
humidity depending on said input power to said humidifier,

conduit for conveying said humidified gases from said humidifier to said
patient, and

20 conduit heater having an electrical input power, and being associated
with said conduit wherein the gases flowing through said conduit are heated
either directly or indirectly by said conduit heater whereby the level of heating
depending on said input power to said conduit heater;

controller or processor which supply said input power to said

25 humidifier and said conduit heater, and providing a control output indicative of
said conduit heater being correctly connected to said controller or processor
and capable of operating in according within predefined limits; and

a connector means to electrically connect said controller or processor
and said conduit heater and including an indicator in use connected to said

30 control output, wherein when said conduit heater being correctly connected to

said controller or processor and capable of operating in according within



humidity depending on said input power to said humidifier, conduit for conveying said humidified gases
from said humidifier to said patient, and 20 conduit heater having an electrical input power, and being
associated with said conduit wherein the gases flowing through said conduit are heated either directly
or indirectly by said conduit heater whereby the level of heating depending on saidgripets peaverocaid
conduit heater; controller or processor which supply said-igput power to said 25 humidifier and said
conduit heater, and providing a control output indicative of said conduit heater being correctly

qor_mected to SaiﬁI‘é@'@ﬁ%ﬁrI%Rl’%‘fﬁaﬁﬁnﬁﬁﬁ@Wﬁ@@%gﬂeéﬂﬁ@émacﬁﬂﬁﬂi&ﬂfbm predefineq
limits; and a connector means to electrically connect said controller or processor and said conduit

heater and including di inditdr@specistedrinsenédniestion 3orustsdncutpathamhefele iuesingaid

conduit neater belg cogfeq . connesied I sal CoRKQlK AL RIPSeeaLAAY Gapglle pl.enerating i

according within pruary predefi limits sal er or processor energising said
indicator. In a fifthzarpraising Rrespeh ibamnoontasisistt midifiatoothpfidiity ehnsteperofclified gas at a
desired level of humidity or at a desired temperature to a patient using an open loop controlled
humidifier c@mprising tHe)sES5RBHMNG RRASMEHEH feAabRR RS Howtraie o kARl GRS HIEOEP8aid gas

through said humidifier; (b) g‘-ﬂq{m%mgased on at least said parameter the required electrical
power to said humidifier to ge Iver sal

gas to said patient at a level of humidity or at a temperature
substantially similar to Sdipdétsireihin§ asedodmmatliehst saisoiddesited teeeeatecteotricdlsupplying
a level of power to said humidifier substantially sjmilar to said determined power. In a sixth aspect the
invention present consists irpgvﬁ%ttl‘?oﬁ'& %ﬁ\@i{ﬂgt%&“ver said gas to said patient at a Ieva

of humidity or at a temperature substantially similar to said desired
10 level of humidity or said desired temperature; and
(c) supplying a level of power to said humidifier substantially similar to
said determined power.
In a sixth aspect the invention present consists in a method of connecting a
conduit heater within a conduit to a humidifier comprising the steps:
15 providing an electrical connection between said conduit heater and said
humidifier; and
indicating whether conduit heater being correctly connected and capable of
operating in according within predefined limits.
In a seventh aspect the present invention consists in a breathing
20  assistance apparatus adapted to deliver humidified gas at a desired level of
humidity or at a desired temperature to a patient using open loop control
comprising:
humidifier having an electrical input power and capable of humidifying
said gas up to a level of humidity prior to delivery to said patient, said level of
25  humidity depending on said input power to said humidifier,
means for determining a parameter relating to the flow rate of said gas
through said apparatus;
means for determining based on at least said parameter the required
electrical power input to said humidifier to deliver said gas to said patient at a
30 level of humidity or at a temperature substantially similar to said desired level

of humidity or said desired temperature;



conduit heater within a conduit to a humidifier comprising the steps: 15 providing an electrical
connection between said conduit heater and said humidifier; and indicating whether conduit heater
being correctly connected and capable of operating in according within predefined limits. In a seventh
aspect the present invention consists in a breathing 20 assistance apparatus adapgegdd deiiver004
humidified gas at a desired level of humidity or at a desiregl_-temperature to a patient using open loop
control comprising: humidifier having an electrical input power and capable of humidifying said gas up

to a level of humidity pwaﬁﬁ)s%ivgﬁpdmﬁ@@da@aébﬁaum IsoREe Tt Sarmisiitioiraendingeppsaid input

power to said humidifier, means for determining a parameter relating to the flow rate of said gas
through said appatees: sHbsias el lyetnthatitySoitdaterminrshis0waidi pardioctaicthe rigifiesd

sleciicl power nput oAt T P AEUEESOOFR L TS R Pk A ity o a

a temperature substantially similar to°said desired level of humidity or said desir mperature; 9

February 2004 -&omsanstion swdnhidel \pgisfaidrigeuitnsiiectassaid ayphichfionadeved pfvemioer
substantially similar to said determined power input to said humidifier. To those skilled in the art to

which the inPentibfl Fetd8eshiRATERhE A¥IIROLS FepaEknn HAEVHR:AFARMePHEIB AN and
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invention as defined in the app claims. The disclosures and ions herein are purely
illustrative and apguneltyinbestiative bedmsnyctantantettiodBiR &y DEBERIMTIQN OF THE
DRAWINGS 10 One preferred form of the present invention will now be described with reference to
the accompanying drawings in which;

BRIEF DESCRIPTION OF THE DRAWINGS
10  One preferred form of the present invention will now be described with
reference to the accompanying drawings in which;
Figure 1 is a illustration of a respiratory humidifier system,
Figure 2 is a illustration of the humidifier base of the respiratory
humidifier system of Figure 1,
15 Figure 3 is a block diagram of the control system which controls the
humidifier in the preferred embodiment of the present invention,
Figure 4 is a flow diagram of the algorithm used to control the heater
wire within the respiratory conduit,
Figure 5 is an example of how the heater plate temperature varies over
20  time, when the pressure is controlled constant,
Figure 6 is a graph of heater plate power against flow rate, and

Figure 7 is a graph of conduit heater element power and flow rate.

DETAILED DESCRIPTION OF THE INVENTION
25 Whether used in a hospital environment or in a home care environment,
the present invention will generally have associated two main pieces of
apparatus. Firstly an active humidifier which controls the temperature of a
heater plate heating a body of water to achieve a desired temperature and
humidity of the gases being humidified. Secondly a transport conduit from the
30 humidifier to the patient is also required, which is preferably heated to reduce

condensation, or “rain out”.



Figure 1 is a illustration of a respiratory humidifier system, Figure 2 is a illustration of the humidifier
base of the respiratory humidifier system of Figure 1, 15 Figure 3 is a block diagram of the control
system which controls the humidifier in the preferred embodiment of the present invention, Figure 4 is
a flow diagram of the algorithm used to control the heater wire within the respiratorg Fenduis¥igooa 5
is an example of how the heater plate temperature varies gver 20 time, when the pressure is
controlled constant, Figure 6 is a graph of heater plate power against flow rate, and Figure 7 is a

graph of condluit heater RiAeAPRAPIGRAE LoAEiSiAAGRAY4BR:REACE RTYANLOTEIEINVENTION
e

25 Whether used in a hospital environment or in a home care environment, the present invention will

generally have a866BI&ab@enes aHiMgIREBSasH Tajspsliaw. FifeppRaviiseCATRIdREaNael controls
ity of the oSRBbING MR A SO M R BT R

humidity of the gases atr midifiér 1o the

patient is also regeiidg whintfeit pieferakly inedianal wshieet tene@isating contralmeiisFdrebruary
2004 -9 Referring to Figure 1 a humidifying apparatus as miggt be used in a hospital generally

referenced Bis sPEHRPIEIdeSHRIGRIEHHNPANIIYNC USSR ANFHRPRRERRSE TRIAMNHOMNBESIng a

heating plate 20 H%Viggf’ﬂ}(i"%téﬁe@?ﬁ%g‘ﬁ emerid eé‘léé%@h{? thﬂg@@%%?t?ckt%m%wd control

means for 5 example nic circuitry which may include a microprocessor for controlling “the supply
of energy to the leagtigeablematit a ThenbdidyiAg<hambeaBiwhaciyegetainhs witeefouhuinifdifgicgamber 3
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detail, the humidifying chamber 3 has edges which engage with collar 24 on the

10  humidifier apparatus. The gases to be humidified may be a mixture of air,

oxygen and anaesthetic for example which are supplied to the chamber through

a gases inlet 4. This might be connected to a ventilator, or in the case of CPAP

therapy a CPAP blower. A gases outlet 5 is also provided and the gases outlet 5

Is connected to the conduit 6 (Figure 1) which conveys humidified gases to a

15  remote destination such as an intubated patient at the end 7 of the conduit.

Alternatively, the end 7 of the conduit may have a gas mask attached thereto,

which mask is used to cover a nose and/or mouth of a user so as to supply

humidified gases to the user for breathing, as in the delivery of CPAP therapy.

The humidifier heater plate 20 has a temperature transducer 8 which is in

20 electrical connection with the electronic control circuitry in body 2 of the

apparatus so that the control means monitors the temperature of the heating
plate.

A heating element 10 is provided within the conduit 6 to help prevent

condensation of the humidified gases within the conduit. Such condensation is

25 due to the temperature of the walls of the conduit being close to the ambient

temperature, (being the temperature of the surrounding atmosphere) which is

usually lower than the temperature of the humidified gases within the conduit.

The heater element is effectively replaces the energy lost from the gases

through conduction and convection during transit through the conduit. Thus the

30 conduit heater element ensures the gases delivered are at an optimal temperature

and humidity.



10 humidifier apparatus. The gases to be humidified may be a mixture of air, oxygen and anaesthetic
for example which are supplied to the chamber through a gases inlet 4. This might be connected to a
ventilator, or in the case of CPAP therapy a CPAP blower. A gases outlet 5 is also provided and the
gases outlet 5 is connected to the conduit 6 (Figure 1) which conveys humidified ggsesiipuadbaeozote
destination such as an intubated patient at the end 7 of thggconduit. Alternatively, the end 7 of the
conduit may have a gas mask attached thereto, which mask is used to cover a nose and/or mouth of

a user so as to supply hypishéechorRRntRHErESRIIOR RiBANRIBEcAsHB MR kasY e RBAE therapy.
The humidifier heater plate 20 has a temperature transducer 8 which is in 20 electrical connection with

the electronic cofSeGIRsLIprgfier okyyalsoftf:Capgarabestes ehemens voesliiiansandataythe
temperature of the nealing, plate: ANRANNGSTARNR IS PEVHRMWHAIN e Gopait Crinogle prevent

condensation of umidified gases within the conduit. ensation’is e to

temperature of thehelledbiheseonatitigogingatose fivive AgRentiemnghraiaeuliidifi@thsiegnperature
of the surrounding atmosphere) which is_ usually lower than the temperature of the humidified gases

within the co'?lduiﬂa"ﬁﬁéef%ﬁtéir_éﬁéhﬁeﬁfﬁé'@?f@cﬂéhﬁr@ﬁ%@_g%e é;r%r@/%‘é@rﬂrmrm@iﬂ%@ through
conduction and g f)'i’PJEeqw@pot@BWeW %Hﬁe%g%iﬁgﬁg@t@?tg?ﬁé’%ﬂg@g {Elfgnent

ensures the gase vered are at an optimal temperature an ebruary 4 -10 The
present inventiorapderedb ades eets tehyuertllie gfagdses it st to thiapataect prabeididpalyo the
conduit heater element without the need for any sensors, either in t midifier chamber ar

he h
Sositioned in the EEHRRY PRSI0 RIRACS, B IS ARPLABNale 1RR) §bF RELUSAHoR Alnthis
humidifier using egR@TsiaterAaadnYRIaRH Bhl?%éi%%tfﬁﬂ%éf o theiveit{denigifias A @ppropriate

level of power can then be determined to apply to the heater plate to
10  allows the apparatus connected to the end of the conduit to be simpler and
lighter.

In the preferred embodiment of the present invention the controller 100,
shown in Figure 3, uses a range of inputs to control both the power 108 supplied
to the heater plate 110 as well as the power 114 supplied to the conduit heating

15  element 116 (if present). In certain applications it may also be used to provide
control instructions to auxiliary apparatus such as a blower fan. Using an
internal algorithm 106 the controller 100 estimates the power 108 to supply to
the humidifier heater plate 110 to achieve a given humidity and or temperature
of gases at the top of the humidifier chamber alternatively (or estimates the

20  temperature to achieve a given power). It then uses a second algorithm 102 to
estimate the required power 114 to supply to the conduit heater element 116 and
the humidifier heater plate 110 to achieve optimal temperature and/or humidity
of the gases delivered to the patient 118.

Referring to Figure 4, when the humidifier starts up the controller

25  executes a supervisory algorithm, which controls the heater plate and if present
the conduit heater element. Initially 128 the heater plate is controlled to a
temperature of 40°C and the conduit heater element may be energised with a
duty cycle of for example 50%. The heater plate temperature (or alternatively
the power supplied to the heater plate) is then monitored 130 until it settles to a

30 stabilised level. Effectively awindow 132 is superimposed over the heater plate

temperature profile 134 of which an example is shown in Figure 5. When the



achieve the desired temperature of gases delivered to the patient. Additionally this may be used to
provide a more appropriate level of energisation at this conduit heater element. This not only saves
the cost of the extra sensors but also 10 allows the apparatus connected to the end of the conduit to
be simpler and lighter. In the preferred embodiment of the present invention the cogtralarutd9, 2el0awn
in Figure 3, uses a range of inputs to control both the pawgr 108 supplied to the heater plate 110 as
well as the power 114 supplied to the conduit heating 15 element 116 (if present). In certain

applications it may e WWﬁ%Br@inﬂ@ ROTHEH FAK YEHRIHWA S2)HRWRRARMREUSOBHER 8F a blower

fan. Using an internal algorithm 106 the controller 100 estimates the power 108 to supply to the

humidifier heaterthtavéindewolahidve eftaotvelyienmsjdarridotbavsestabikisast. g@es dbhBadp of the
humidifier chamber alternafivel [ he mpe e to achieve a given power). It then
SRy St LR SR

uses a second algofri € required power tT4 to supply to the conduit heater
element 116 and the hympidifieritheslte pledaHcl Pl tovachicue vrtigasbietdeensinteanydiehoudity of

the gases delivered to the patient 118. Referring to Figure 4, when the humidifier starts up the

controller 25 exdbiEh _LJ_'&@FU@@?M&HYHM, m%ﬁmd@%e heater plate and if present the
conduit heater elementé@g&.}m)}%mﬁ a(!fﬁ' gé@gﬁdzf ?W}é;cglp%@ gggpﬁﬁraéwﬁefﬁp%gﬂd the

conduit heater element may be ‘energised w ty cycle of for example 50%. eater plate
temperature (or a@iadcokiteslyhéeheqoonved sheqtite dpfatiepbaater3atépitethativelyniteatdrl piatentil it

e T A A e S R R s B AR oo
profile 134 (over ﬁ'@ﬁt@ﬁﬂﬂﬁt@%ﬁﬂﬁeﬁ,thﬁi YERARMshig ) HAS MaERR S ReMNF T Ofe thnaindeingL a2, itis
effectively considered to have stabilised. Once this'has occurred the controller enters a calculation
stage. 10  humidifier and a heated conduit such as that as described in US5640951, the
contents of which are incorporated herein by reference. The actual relationship
for any other arrangement would either have to be empirically determined by
experimentation or theoretically calculated. For a desired temperature of gases
exiting the humidifier of for example 37°C the relationship between the power

15  supplied to the heater plate ( Pup), the rate of flow of gases (Fg.) and the
ambient temperature (T, ) 1S graphed in Figure 6. From this an approximate
general algebraic equation has been extrapolated which the controller can use to
determine an approximate level of power to apply to the heater plate:

Pup = (-0.1239 X Tamp + 5.383) X Fgas + (-0.3112 X Tymp + 10.738)

20 Thirdly the algorithm calculates the required power input to the conduit
heater wire 140 to deliver a desired temperature of the gases to the patient. With
gases flowing at a known rate of flow it is possible to calculate the resultant
temperature of the gases once they have flowed through a conduit of known
characteristics surrounded by the atmosphere at a known or assumed ambient

25 temperature. Thermal characteristics of the conduit will either be known or can
be calculated by experimentation. This relationship is based off empirical data
using a humidifier and a heated conduit such as that as described in US5640951.

The actual relationship for any other arrangement would either have to be

empirically determined by experimentation or theoretically calculated. With a

30 conduit entry gas temperature of 37°C and a temperature of gases delivered to



Firstly, it calculates the flow rate of the gases 136 using any one of a 5 number of methods which will
be described later. Secondly knowing the rate of flow of the gases the algorithm then calculates the
required heater plate power 138 (alternatively heater plate temperature) to achieve a desired
temperature/humidity of gases (alternatively heater plate power). A relationship hag Ipegrganpirioaldy
determined using a 10 humidifier and a heated conduit sugh.as that as described in US5640951, the
contents of which are incorporated herein by reference. The actual relationship for any other

arrangement woyh ‘ﬂé‘ﬂ%ﬁh%‘f%@?@?tﬁ@‘@l&if’éWsH?ﬁ%@i‘W@&%eeHBW FRRIERIAR qzﬁlé@@gl?%isg?”y

calculated. For a desired temperature of gases exiting the humidifier of for example 37
relationship betwidenpibrwaroinputl Sostheptioddoitheeatesite tepharet (P{kril)e tambieatofefiapeitgteses

(Fgas) and the bient temperature (lamb) is graphed.in Figure 6. From this an approximate general
oebiac equati 1 bl RS A CRch 114 Bl GEFPRIAIED 1B B A BB foxtmate
level of power tofgqmggg@ome heater plate: PHP = (-0.1239 x Tamb + 5.383) x Fgas + (43112 x Tamb +

10.738) 20 Thirdl%/ethe algorithm calculates the rquired{f)owerzinput to the conduit heater wire 140 to
deliver a deSired teriBaPH R ferot 4t Yses P thEpatdif2With *2L8% TrowihY D aekridifY e of flow it

is possible to caleggas the resultant temperature of the gases once they have flowed through a

conduit of knownp EARfagieriFHE setMishE LN BESIRIEINMBIIRALE KPONHSs AR St pafent 25

temperature. Ther acteristics of the conduit will either be known"or can be calculated by
experimentation. Thhis rEhasitrah i ¢ piabdel aqip enapivad e i faa thestoy duliLiraddéien emedrd, lasdtésd conduit
such as that as described in HJSS 40951. The actual relationship for any other arrangement would
either have to ben%rn‘?'ﬁiﬁﬁéf’fl';;1 fd l?&@&%y Berimentation or theoretically calculated. With a 30

e e T A Ol e R 12
energised, the controller continues to monitor 142 the system for any changes in
the variables. The main reason for this is to avoid thermal overshoot ie where
the flow drops suddenly, the temperature of gases can become dangerously high.

In order to monitor effectively, two methods are used. Firstly the flow

15 rate is monitored and secondly the change in flow rate (with respect to time) is
also monitored. The first 144 is to allow the system to respond to any changes in
the system. The second 146 is a fast response system in order to avoid thermal
overshoot. Effectively where either Pyp or Tp is controlled constant, monitoring
the other variable gives an indication of any change in flow, or any other

20  variable which requires a recalculation.

In order to monitor the flow a variable x (defined as Pyp/Typ), Which is
closely related to the flow rate, is constantly calculated and monitored . If it goes
up there is a 30 minute delay before the controller initiates a recalculation, to
avoid spurious readings and unnecessary calculations. If it goes down thereisa

25 30second delay before the controller recalculates, to avoid any possibility of the
delivered gases being, even transiently, too hot.

Where large step changes occur the controller needs to react quickly. In
such cases it will reset to initial conditions to wait until the system stabilises
again, as any calculations in the interim would be pointless. To achieve this

30 dx/dtis calculated and monitored. While a negative value is more dangerous,

any deviation over a certain value will reset the controller.



the power input to the conduit heater element (Pa), the ambient temperature (lamb) is graphed in
Figure 7. This is extrapolated to a general algebraic expression: 5 P, = (-0.0005*Taa,b +0.0169)
Fgas2 - [10 5*Taa,b3 -0.0042 *Tamb2+0.2189*Taa,b - 3.00751Fgas - 1.0169*Taa,b +38.956
Practically this relationship can be simplified whereby P, is dependent only on Tant FEbiguisrg2004
acceptable approximation for the conduit heater element, ggs-it is not as crucial as the heater plate. 10
Once the heater plate and conduit heater element have been appropriately energised, the controller

conFinues to monitor 142.IheaEY§F@FhH?T\/@né’rﬁB@d‘Eﬁ§Hﬁomﬂ1¥%f€§éﬂ%iﬁ{?@rﬁﬂ@ﬂﬂtfféaéﬁﬁefé{@ﬁ‘is is to
avoid thermal overshoot ie where the flow drops suddenly, the temperature of gases can become

dangerously highaatergéateotenapeiaterdsthaltylairsiMsiit@ds are used. Firstly the flow 15 rate is
monitored and secondly the change in flow rate (with respect to time) is also monitored. The first 144
is to allow the system to respond to any changes in the system. The second 146 is a fast response
system in order to avoid thermal overshoot.‘|‘§;fe;ctl7</_e[,’yl\@'l\'lgn?(Ft-:'d';,Q(-:wC B81B5er THP is controlled
constant, monitoring the other variable gives an indication of any change in flow, or any other 20
variable whiéh requires a recalculation. In order to monitor the flow a variable x (defined as PHP/THP),

which'is closely éﬁk‘f“i‘?%@ é'&ﬁJﬁPY‘{erﬁlﬁz tﬁ?a?é’%gﬁéﬁﬁl&ﬂ@?ﬂe% Woffesh BoCofif tpthere is a

30 minute delay before the controller initiates culation, to avolid spurious readings an
unnecessary calqutzgians récilgoktaddhe rtgueésl p@beO. second delay before the controller

recalculates, to avoid a ssibility of the delili-:-redé?ases beiﬁg, e\ﬁn fransiently, too hot. Where
large step changes occ g MAHERAY RIPES rd@ﬁc%&}t EQJ VERGLEPKiill reset to initial

conditions to waif yntil theRYRiRIRERIISSS fRAIDF §EREKETHRHANR MBI EGHEmMoLg be
pointless. To achiéve this 30 dx/dt is calculated and monitored. While a negative value is more
dangerous 1&ny deviatibstovetea tertsag iRk eaterselate pomtesitemperature to achieve a
specified temperature/humidity of gases in the humidification chamber 138.
3) Calculate the power input to the heater wire to achieve a desired output
temperature 140.
It will be appreciated that a greater level of power will be supplied to the
15  conduit heater element if:
i) the rate of flow of the gases reduces,
i) the ambient temperature decreases,

1)  the differential between ambient and gases temperature increases.

20 It will also be appreciated that the heater plate temperature could be
controlled to a set valve (using closed loop control) as opposed to power. In this
case the power supplied would be monitored as a measure of system stability.
Furthermore where relationships are expressed algebraically they could equally
be stored in look-up tables.

25  First preferred embodiment of flow estimation

Generally when used in a hospital setting a humidifier such as that
described in the present invention will be used in conjunction with a respirator
to supply humidified gases to an incubated patient, or possibly using a
respiratory mask. As such the humidifier will operate effective independently of

30 therespirator and therefore must make all of its control decisions based on only

the sensors contained therein. In the preferred embodiment of the present



9 February 2004 -13 In an alternative embodiment of the present invention the expected heater plate
temperature is calculated using THP = -7.3319*Ln(Fgas) + 63.655 5 and if the actual heater plate
temperature deviates by more than 5C then the program recalculates the required powers. 1)Thus in
summary controller carries out the following steps: Estimates the rate of flow of gases-kbepby @004
variables constant 136. 102)Estimate the required heater plate power/temperature to achieve a
specified temperature/humidity of gases in the humidification chamber 138. 3) Calculate the power

input to the heategr i &n B RRYR PaHEET B QR4 HASEIRG R R At HuMichRcapRICEIRigHERaL a

greater level of power will be supplied to the 15 conduit heater element if: i) the rate of flow of the

gases reduces, FpthéieshbrestiietatieCastpatogs!if) prNEIfenaHtdegeirseA @infaerinand gases
termperature ncgics, 70 50 SRS AL G D OIS ARG gL e

controlled to a set valve (Using ¢ 00p control) as oppose Ower. In this case e power

supplied would beffaontieecitigisen theasiteeoff figsteof sjasubityheFluithertiareaambers efationships are
expressed algebraically they could equally be stored in look-up tables. 25 First preferred embodiment

of flow estimatioregigrHY AGRAIGERIAIe MESHREICAHRYE HUMRINGALEIGHAIS IHAPRIBkeHbed in the
present '”Ve”t'O“I*HUU?Sr;é}WéH _$§§HHQH8W&Hﬁ&ﬁ?@@?@m}gw@%ﬁgf%@%ﬁm”

incubated patient, or pos usirng a respiratory mas umi il operate effective
independently ofraetfor earpieatoeaadpiatedéonperatsi ercakecétherf s detatrol miebesigisitelbedron only
theoretically calculated. Again using a humidifier and a heated conduit such as
that as described in US5640951 the following empirically determined

10  relationship applies:

~(0831- 0004947, )+ Jabal{ﬂ.ﬂi] - 00049+ 7, ) - (4*(&00&04*?_* - 00057) *((14348- 025+ T,,,)- P,,,}]
ol 2+(0.0004 * T,., - 0.0057)

where Pp is the power applied to the heater plate to achieve a given heater plate
temperature in steady state of 50°C, T,y is the ambient temperature and Fgs is

15  the gas flow rate.
It will be appreciated this method is more appropriate in the hospital care
environment where the ambient temperature can be assured with a high degree

of confidence.

20  Second Preferred Embodiment of Flow Estimation
In the homecare environment the present invention will often be
employed in conjunction with a continuous positive airway pressure (CPAP)
device or such other breathing apparatus which will include a fan such as that
described in US Patent No. 6050260, the contents of which are incorporated
25 herein by reference. It will be appreciated that in such applications it may be
possible to connect the controllers of the various devices together in an
arrangement such that data may be readily exchanged. In such cases the rate of
flow of the gases may be estimated directly from information available either

from the fan or, where provided, a flow sensor.



the sensors contained therein. In the preferred embodiment of the present 9 February 2004 -14
invention the flow rate of the gases passing through the humidification chamber can first be estimated
by comparing the power input required 108 for the humidifier heater plate to the measured
temperature 112 of the heater plate. In effect the higher the rate of flow of gases the fryigridhg 2004
amount of power 5 required by the heater plate in ordertggchieve a given heater plate temperature.
Thus for a given system the relationship between power to heater plate and flow rate for a given

heater. p_Igte tem Deraturm%%@mﬁééﬁ%@ﬁiﬁmﬁ@ﬁr@@ﬁf i%ﬁbﬁ'ﬁ?@f%m@e%lﬁﬂl@tﬁﬁa&@?m using
a humidifier and a heated conduit such as that as described in US5640951 the following empirically

determined 10 refattbAsiapbpgpIRistiente. PEPNeralty jordrappik e erBtraiedr ipldtentdiaghieve a
TR £ Lo ok o A AR

15 the gas flow rate € appreci od IS"more appropria care

environment whesettheqagmierilitespredbieeardeiasonsdd tidHflawightdedrerirafinantidense. 20
Second Preferred Embodiment of Flow Estimation In the homecare environment the present invention

will often bedem ﬂ@%’i‘m @lﬁﬁﬁﬁﬁﬁ&gﬁﬁﬁ?&l MTWB@WifMiMHﬁB%UFEQ@A@ f3Rvice or
such other breathing, V;gﬁ;gugéu?_swv Féfé‘ﬁﬂé%‘?}z@ fﬁgt\ﬁ}_éﬁﬂ ?ﬁetréﬁiugigﬁ%t@m%rhﬁ SaianENo.

6050260, the contents 0 re incorporat rein by reference: appreciated that in
such applicationpaweayripet potisilentoaroba det ehepedrfivo e aff thieovemiobsr deteidssongErher in an
arrangement such that data may be readily exchanged. In such.cases the rate of flow of the gases
may be esimate PRI P HERIon S ARLEHRIBRH e RNV Y oF RRERSHBURRDR flow

sensor. 9 Februatyedffcally calculated using specified motor characteristics.

10 A number of methods are known in the art for determining the loading on
a motor from the supply it draws. The simplest such method would be to firstly
meter the current drawn 148 from the fan 150, as indicated in Figure 3. The
current 148 is the input to the conduit heater element controller 102 where either
an algebraic relationship or a look up table is used to determine the flow rate of

15  the gases.

For example in US5740795, the contents of which are hereby
incorporated herein by reference, a method is disclosed using both motor
voltage and current to estimate the flow rate. While this represents one method,
as mentioned above, it will be appreciated that other methods, such as based on

20  just current, will be equally applicable.

Third Preferred Embodiment of Flow Estimation

As mentioned in the second embodiment that in certain cases a flow
sensor may already be provided in the gas flow path. This being the case, the
gas flow rate 152 can be extracted directly from the flow sensor 154 and used as

25 aninput to the humidifier controller 100, as indicated in Figure 3. This is then
used directly in the conduit heater element controller 102 to determine the power
to apply to the heater plate 110 and conduit heater element 116 according to the
algorithm shown in Figure 4 and described earlier.

Heater Wire Adaptor
30 In order to connect the conduit heater element to the power supply in the

humidifier, an adaptor cable is required. In the preferred embodiment of the



-15 In this embodiment of the present invention the flow is estimated based on the loading of the fan.
Generally the fan will be controlled to run at a specified speed and therefore deliver a constant
pressure output. The flow rate of the gases will depend on the restrictions in the flow path. In turn in
order to 5 maintain the specified speed a certain power input will be required for thepfpabrifzgsefwesan
algebraic relationship between the actual gas flow rate angsthe power input to the fan can be
developed for a fan of known characteristics. This relationship may either be determined empirically

by eXDerimentaﬁﬁbe’énmﬁ(?éﬁﬂ@!leéj‘é@i&ﬁf@ﬂmWﬁcf@@&ﬁ#ﬂiﬁ%ﬁ’é@fd?%@%eiﬁ%ﬁéﬁ@h‘étﬂ@mber of
methods are known in the art for determining the loading on a motor from the supply it draws. The

simplest such mékesndiideatesalpsagnhisencrat rg aemechixvwiherghertap@ranplsogesdimdicated in
Figure 3. The current N Input to the conduit heater element controller 102 where either an
algebraic relatione{s%sl%%wlgﬁog@%dppﬁ le is used to determine the flow rate of 15 the gases. For

example in US5740795Tte saniriificof svhieblfye beneibyalhg adprreteddrethin dondftréleaesra method
is disclosed using both motor voltage and current to estimate the flow rate. While this represents one

method, as %enﬁ@%‘h@%gﬁtﬁmw&ﬁﬁ%gﬁﬂégt%?ﬂ%@?ﬂ%ﬂ%é%@t%ph 3 fReseihén k??’o just
current, will be egyafly; gaRItFRME JiN AdateleaH nmRRsimRg F3H BiRdigned in the

i , NG
second embodiment%('nat % certain cases a tflow sensor may abe dy be pro%%%%%n §1e gas tlow path.
This being the cassultsit gasrijpses 2@41th2 oach cetaegaad &Rctly from the flow sensor 154 and

used as 25 an input to the humidifier. controller 100, as.jindicated in Figure 3. This.is then used directly
i the condut hoater olel B ESRTOIBYTBPD BeRETTE i AP A OB R Hbte 110

and conduit heatg{cglRinaRY hbPAGRR FHSATHORI AIAREHERLER IR IR FiSkHERAARG HaRGHRRE: carlier.
Heater Wire Adaptor

10  for supplying humidified gases to a patient under respiratory therapy. This has
the advantage of removing external sensors making the system simpler, cheaper
and lighter. Similarly it may also allow for effective control over energisation of
the conduit heater element, ensuring the system as a whole operates correctly as

well as being as efficient as possible.



30 In order to connect the conduit heater element to the power supply in the humidifier, an adaptor
cable is required. In the preferred embodiment of the 9 February 2004 -16 present invention, the
adaptor 200 includes an indicator 202 to indicate whether the conduit heater element is operating
correctly, when the adaptor is plugged in, as shown in Figure 1. The humidifier congrgigyroeniireily
detects for the conduit heater 5 element and determines yhether it is operating correctly. It does this
by energising the conduit heater element intermittently, and if the expected current results it
energises 204 the indicatprA¢gq@n LED). The present invention as described in the foregoing provides
a novel method and apparatus for controlling the heater plate temperature in a humidifier 10 for

supplyir;g humidified gaéeﬁrﬁﬁti\ \hariessislAbee ?ﬂ?i?@h@?}adﬁfiﬁﬂﬁoﬂﬁiﬁ\r%@mﬁid&fmw&bﬂgemoving
externa sensors Kin er, | imi o allow for
effective control %«%\é‘%ﬁﬁ% ﬁ”}'alpf% %Q%Per grﬁg reeT:']SU Pé‘t quaorsﬂeﬁsg Whole

operates correctlyomr(yy@b@@hging as eff|C|ent as possible. 9 February 2004 -17 CLAIMS: 1. A
breathing assistance apparatus ada Eted to deliver humidified gas at a desired level of humidity or at a

desired temperature to ﬁfﬂ)‘é\fﬁ’@% lefl 3\iRS ANSHRFESAl IS RWSR dhcanalis afiRrmidihg neh
electrical input pg 9 %%?%%mt BIfLYES &Siver taéﬁi’&bﬂj %Wlé\/lﬁrotp delivery
&équ@el of um| |ty C}?l er to said humid

to said patient, sa epending on said input po ler, and a
controller or prodessod ity rdgperetimy pnosgiahinped powe) tesardhmeradgifiearraetdr relating to the flow
rate of said gases 10 throu% ﬁud aP aratus;
a controller o Brocessor configured or programmed to:
(@  determine a parameter relating to the flow rate of said gases
10  through said apparatus;

(b)  determine based on at least said parameter the required electrical
power input to said humidifier to deliver said gases to said patient at a level of
humidity or at a temperature substantially similar to said desired level of
humidity or said desired temperature;

15 (c)  supply as said input power to said humidifier a level of power

substantially similar to said determined power input to said humidifier.

2. A breathing assistance apparatus as claimed in claim 1 further
comprising:

20 a conduit for conveying said humidified gases from humidifier to said
patient;

a conduit heater having an electrical input power, and being associated
with said conduit wherein the gases flowing through said conduit are heated
either directly or indirectly by said conduit heater whereby the level of heating

25 depending on said input power to said conduit heater;

an ambient temperature sensor providing an indication of the exterior
temperature or said controller or processor including a stored assumption used
as an indication of the exterior temperature;

and said instruction (b) further comprises determining based on at least

30 said indication of the exterior temperature the required power input to said

conduit heater to deliver said gases to said patient at a level of humidity or at a



(b) determine based on at least said parameter the required electrical power input to said humidifier to
deliver said gases to said patient at a level of humidity or at a temperature substantially similar to said
desired level of humidity or said desired temperature; 15 (c) supply as said input power to said
humidifier a level of power substantially similar to said determined power input to sigdinigh{ier0o84A
breathing assistance apparatus as claimed in claim 1 furthgr—comprising: 20 a conduit for conveying
said humidified gases from humidifier to said patient; a conduit heater having an electrical input
power, and beinge@ﬁﬁ@ﬁdﬁé?@sw&hﬁﬁﬁ IWﬁ’HthB%@HTd&QrGéSF@@eﬂ@WM@ﬁWGPS&%@QWit are
heated either directly or indirectly by said conduit heater whereby the level of heating 25 depending
on said input poRiNeEild &onduit heater; an ambient temperature sensor providing an indication of
the exterior temperatur id: cont [] tll in 0 S [ as an
indication of the exteriorS ;arrﬁ%bib?éﬁg}ry%i\%géﬁﬁ@irgu?g%ﬂ§ €agh@ﬁ@éﬁﬁp%si%@ﬁé@n@?\g%ased on

at least 30 said indiaidieorefuhaextiaroideshpsiedwerthgheamirgtyramélainpuiddiol skigretinddit heater
to deliver said gases to said patient at a level of humidity or at a 9 February 2004 -18 temperature

substantiallydsimPRVYer JarRHEEisatd IeQBAIHIARNty or said desired temperature; and said instruction
(c) further comprises supplying as said input power to said conduit heater a level of power
substantially similar to said determined 5 power input to said conduit heater. 3. A breathing assistance
apparatus as claBned inclbeathingeassistaide lappétitas asnubsisesdal hurtadificativnectisngaed adapted
to receive a volume aof .\f\later and a Watﬁr hegt?r to. heat said water to &)roduce_ water yapour within
said umidifier comprises a humidification chamber adapted to receive a volume of
water and a water heater to heat said water to produce water vapour within said
10  chamber in use, said gases passing through said water vapour in said chamber
thereby being humidified, said instruction (a) further comprising:
i) energising said water heater to heat said water towards a first
condition,
i) continuously monitoring said parameter or, determine a variable
15 indicative of a property of said water heater and continually monitoring said
variable, until said variable or said parameter indicates that said water has
substantially reached said first condition,
1)  determining said parameter based on at least said variable and said

indication of the external temperature.

20
4. A breathing assistance apparatus as claimed in claim 3 wherein the
determination of said power to said humidifier in said instruction (b) is also
based on said indication of the external temperature.

25 5. A breathing assistance apparatus as claimed in claim 3 wherein said

controller or processor storing a further instruction:

(d) continuously monitor said parameter or said variable, and when a
change in said parameter or said variable is greater than a first threshold said
controller or processor reverts to said instruction (b) and when a change in said

30 parameter or said variable is greater than a second threshold said controller or

processor reverts to instruction (a).



10 chamber in use, said gases passing through said water vapour in said chamber thereby being
humidified, said instruction (a) further comprising: i) energising said water heater to heat said water
towards a first condition, ii) continuously monitoring said parameter or, determine a variable 15
indicative of a property of said water heater and continually monitoring said variable,Egthitisai¢ 2004
variable or said parameter indicates that said water has_gughstantially reached said first condition, iii)
determining said parameter based on at least said variable and said indication of the external
temperature. 20 4. A breathing assistance apparatus as claimed in claim 3 wherein the determination
of said power to said humidifier in said instruction (b) is also based on said indication of the external

temperature. 25 §. A bré‘aﬂﬁﬁ@é@@i@@éiﬁ@@p@@%@@ﬁd@ﬁﬁédﬂtt_ii@ibdﬁﬁ mﬁﬂéiﬁﬁdm&ﬂir&roller or
processor storingg, (INEIRSHMEIAT ) PRUOYRURIVONISr AL pRramsier ot el qyble. anc

when a change In"said parameter or satd variable’is grea an-afirs roller or

processor reverts to saig hiostidéfienH®)iagdméleotd sz angs fosaid a3l papableter iniraidifymigable is
greater than a second threshold said controller or processor reverts to instruction (a). 9 February 2004

-19 6. A bre&thingPH6RIERHE Kbkl THUHBIEH P HeR e dRLINBIHOSaERAIEN, SalbiRupISel of
humidity or at a qmﬁﬂﬁfn%%mg &%MI&%E&E@B\BEPH&% umidifier having an electrical input

power and capab INg S said gase fo a level of humidity prior to delivery to said
patient, said level of husnidityluiéFendmyeyisgidaitphtipodidieth gates &roomdaiitl foumodifesring said
humidified gasessgi% gt?(ia% tﬁgw&difier to said patient, and

a controller or processor including stored instructions to:

10 (@)  determine a parameter relating to the flow rate of said gases
through said apparatus;

(b)  determine based on at least said parameter the required electrical
power input to said humidifier to deliver said gases to said patient at a level of
humidity or at a temperature substantially similar to said desired level of

15 humidity or said desired temperature;

(c)  supply as said input power to said humidifier a level of power
substantially similar to said determined power input to said humidifier;

(d)  continuously monitor said parameter or said variable, and when a
change in said parameter or said variable is greater than a first threshold said

20  controller or processor reverts to said instruction (b) and when a change in said
parameter or said variable is greater than a second threshold said controller or
processor reverts to instruction (a).

wherein if said change in said parameter of said variable indicates a

decrease in flow a relatively short delay is caused before said controller or
25  processor reverts to said instruction (b) and if said change indicates an increase
in flow a relatively long delay is caused before said controller or processor

reverts to said instruction (b).

7. A breathing assistance apparatus as claimed in claim 5 wherein said
30 second threshold is based on the rate of change of said parameter or said

variable with respect to time, wherein when said rate of change goes over said



a controller or processor including stored instructions to: 10 (a) determine a parameter relating to the
flow rate of said gases through said apparatus; (b) determine based on at least said parameter the
required electrical power input to said humidifier to deliver said gases to said patient at a level of
humidity or at a temperature substantially similar to said desired level of 15 humidity pelsaichdested
temperature; (c) supply as said input power to said humidgiger a level of power substantially similar to
said determined power input to said humidifier; (d) continuously monitor said parameter or said

variable, and Wh@é‘c@n@*’tﬁ%ﬁkﬁ?&i’d@@éﬁmﬂ‘l@? oF ﬁ@&é’ﬁ@b@/@@@ﬁéﬁﬂhﬁﬁ@éﬁ%ﬁ’ﬂ@?ﬁhc’ld Saic_l
20 controller or processor reverts to said instruction (b) and when a change in said parameter or said

variable is greater than a second threshold said controller or processor reverts to instruction (a).

wherein if said cI?nge i/g\ _saariéigﬁﬂ@zaest&g%ﬁgi% (@fﬂ%m@ igsdié%ﬁﬁ?ea ﬁj]egl %ﬁg 'in (grg)\g/n%]rriﬁh%ﬁj_vely short

delay is caused before sai ror processor reverts 10 said instruction said change
indicates an increagepiisinyaayes!stply lfzpieelay sapslysrddiivsaigaidroidifieliat argyairessor
reverts to said instruction (b). 7. A breathing assistance apparatus as claimed in claim 5 wherein said
30 second tRresHBRFISISRARG SRR EEOWE Biinge of said parameter or said variable with respect to
time, wherein when said rate of change goes over said 9 February 2004 -20 second threshold said
controller or processor reverts to said instruction (a). 8. A breathing assistance apparatus as claimed
in claims 1 or 2 fOrther Aooneatsimy assestangedy patapieddclsupply igadesm@saitt reamidifileyast a
required 5 pressure and resulting flow rate.. 9. ibreathin assistance apparatus. as claimed in claim 8
wherein said gasRHPIRATER AL ARRDSILigh iR e The ey Ll cle IRl QBB o

said gas supply , said signal being supplied to said controller or processor from

10  which the flow rate of said humidified gases is determined.

10.  Abreathing assistance apparatus as claimed in claim 9 wherein said gas

supply comprise a fan driven by a variable speed electric motor.

15 11. A breathing assistance apparatus as claimed in claim 10 wherein said
estimate of the flow rate of said humidified gases is based on the current drawn

by said variable speed motor.

12. A Dbreathing assistance apparatus as claimed in claims 1 or 2 further
20  comprising a gases flow rate sensor from which said estimate of the flow rate of

said humidified gases is determined directly.

13. A breathing assistance apparatus as claimed in any one of claims 3 to 7
further comprising:

25 a chamber sensor means providing an indication of the temperature of
said water heater and providing an indication of the electrical power drawn by
said water heater,

wherein said variable is indicative of said indicator of the temperature of
said water heater or said indication of the power drawn by said water heater.

30

14.  Abreathing assistance apparatus adapted to deliver humidified gases at a



said gas supply, said signal being supplied to said controller or processor from 10 which the flow rate
of said humidified gases is determined. 10. A breathing assistance apparatus as claimed in claim 9
wherein said gas supply comprise a fan driven by a variable speed electric motor. 15 11. A breathing
assistance apparatus as claimed in claim 10 wherein said estimate of the flow rate®fsaicliannzdad
gases is based on the current drawn by said variable spegd motor. 12. A breathing assistance
apparatus as claimed in claims 1 or 2 further 20 comprising a gases flow rate sensor from which said

estimate of the flgusjilg RUS2H humidiiipdaaseadsiraicEmpaddireedy patidhPEeaibiigingsistance

apparatus as claimed in any one of claims 3 to 7 further comprising: 25 a chamber sensor means
providing an indication @ftHEtefipe RaviROG sdegtiiatd i Meppwies, providiaifwatindicaasber the

electrcal power diawf pt SAIGGIST Ueilel. WPeLEIR 810 VorEbIG s g3y oL saidadigtor of the

temperature of ater heater or sal ion of the power drawn by sali eater. 30 14. A

breathing assistgnesiacwaraters\agapicd i ihesixier thimidificith gasesaid y8Eepagsing2PPéugii desired
level of humidity or at a desired temperature to a patient comprising: a _humidifier havinlg an electrical

input power 5a h$RIRINGIBLN AR BR SalhpRAMEFERDY D8Ine 8\unighadaiddvaedeRiatdr to heat

said water to pr ithi ' j ' i > 5 said
ater vapour I S I A R e U o
level of humidity saidr keveklvetyimishiy ppendirgridiesaicofimounigioyvee tendang barsadifieput power
to said humidifieri,n(i:ﬂjztlj;il%ng a conduit for conveying said humidified gases from said humidifier to

a conduit for conveying said humidified gases from said humidifier to

10  said patient, and

chamber sensing means providing an indication of the temperature of said
water heater and providing an indication of the electrical power drawn by said
water heater,

a controller or processor including stored instructions to:

15 (@)  energising said water heater to heat said water towards a first
condition, continuously monitoring said parameter or, determine a variable
indicative of a property of said water heater and continually monitoring said
variable, until said variable or said parameter indicates that said water has
substantially reached said first condition, and determine a parameter relating to

20  the flow rate of said gases through said apparatus based on at least said variable
and said indication of the external temperature.

(b)  determine based on at least said parameter the required electrical
power input to said humidifier to deliver said gas to said patient at a level of
humidity or at a temperature substantially similar to said desired level of

25  humidity or said desired temperature;

(c)  supply as said input power to said humidifier a level of power
substantially similar to said determined power input to said humidifier.

wherein said variable is indicative of said indication of the temperature of
said water heating means or said indication of the power drawn by said water

30 heating means and said parameter is defined as the value of said power drawn by

said water heater divided by said temperature of said water heater.



10 said patient, and chamber sensing means providing an indication of the temperature of said water
heater and providing an indication of the electrical power drawn by said water heater, a controller or
processor including stored instructions to: 15 (a) energising said water heater to heat said water
towards a first condition, continuously monitoring said parameter or, determine a variéiig uingiczogs of
a property of said water heater and continually monitoringpgaid variable, until said variable or said
parameter indicates that said water has substantially reached said first condition, and determine a
parameter relating to 20 the flow rate of said gases through said apparatus based on at least said
variable and said indication of the external temperature. (b) determine based on at least said

parameter the redibired AI6¢6a6aING 65 ATSEIABROARILS RARMTRSH UM s Y licd gazas Paxient at a
evelof ity g LA EVIPSEE SIS SRR S dested e gt AR HaTgy o sa

desired temperature; (C) supply as said mput’ power to Said hiumidifier a
similar to said determingdrpifiefiaviing aaidlEtricdifipnunperincapisbieoatiend difjinajiveiof said
indication of the temperature of said water heating means or said indication of the power drawn by

said water 30 hedR#6§ HioEha Lol ErasiBt 19 GEiHEH RIYHS waldeRstisal sIlde\iheh by said
h divi i j . 2004 -22 15. A breathi
water heater IVIHE%W@%&?@E&?&%{E&%?@% WJP‘?B@IO%EU‘?M@W% 4 15. A breathing

assistance apparatus a r humidified gases at a desired level of humidity or at a desired
temperature to a patientondytifingohueyintitiesathiingidifield gasea fiopu s picviienddpiadn éocfahdimidifying
said 5 gases up to a level of humidity prior to delivery to said patient, said level of humidity depending
on said input poW@F'&pgé}B&umidiﬁer, conduit for conveying said humidified gases from said humidifier

to said conduit heater having an electrical input power, and being associated

10  with said conduit wherein the gases flowing through said conduit are heated

either directly or indirectly by said conduit heater whereby the level of heating
depending on said input power to said conduit heater;

controller or processor which supply said input power to said humidifier

and said conduit heater, and providing a control output indicative of said conduit

15 heater_being correctly connected to said controller or processor and capable of

operating in according within predefined limits; and

a connector means to electrically connect said controller or processor and

said conduit heater and including an indicator in use connected to said control

output, wherein when said conduit heater being correctly connected to said

20  controller or processor and capable of operating in according within predefined

limits said controller or processor energising said indicator.

16. A method of delivering humidified gas at a desired level of humidity or ata
desired temperature to a patient using an open loop controlled humidifier
25 comprising the steps of:

(a) determining a parameter relating to the flow rate of said gas through

said humidifier;
(b) determining based on at least said parameter the required electrical
power to said humidifier to deliver said gas to said patient at a level
30 of humidity or at a temperature substantially similar to said desired

level of humidity or said desired temperature; and



patient, and conduit heater having an electrical input power, and being associated 10 with said
conduit wherein the gases flowing through said conduit are heated either directly or indirectly by said
conduit heater whereby the level of heating depending on said input power to said conduit heater;
controller or processor which supply said input power to said humidifier and said cenHglimeatercow
providing a control output indicative of said conduit 15 hegger being correctly connected to said
controller or processor and capable of operating in according within predefined limits; and a connector

means to electrically copsjesisAifingatalier o jines se@aRNAu Sl FONslts ReataNRatvnsiuging an

indicator in use connected to said control output, wherein when said conduit heatér being correctly
connected to said 20 controfieiddigiesauBseiveetapable of operating in according within predefined
limits said controller or processor energising said indicator. 16. A method of delivering humidified gas
at a desired level of humidity or at a desired temperature to a patient using an open loop controlled

humidifier 25 comprismendtacienscidi@ddetetniming aupdiansetaprifaiinthtostbpsflow rate of said gas
through said humidifier; (b) determining based on at least said parameter the required electrical

power to saifl humidifiePRYERgeteAiauiRidiiedgepiaaRaieNfevel 30 of humidity or at a temperature
substantially similar 0% 'm,@e '@ego %éﬁ I%\ Q r(ﬁ?&b@s&rppﬂm RAALNR, d %r%:cﬁﬁ uary
2004 -23 (c) supplying aglev It:rjf power to sa %]uml[tlp{cﬁ?ier substantially glémﬂg? to Scaﬁl% geterm{med
power. 17. A metieadeais claimed in claim 16 further comprising the steps: 5 conveying said humidified
gas to a patient, heating the conveg/ed as either directgf or indirectly using a conduit
sensing or m klnggan assumption of the exterior temperature;
and said instruction (b) further comprises determining based on at least said
10 indication of the exterior temperature the required power input to said conduit
heater to deliver said gas to said patient at a level of humidity or at a temperature
substantially similar to said desired level of humidity or said desired
temperature;
and said instruction (c) further comprises supplying as said input power to
15  said conduit heater a level of power substantially similar to said determined

power input to said conduit heater.

18. A method as claimed in claim 17 wherein said humidifier comprises a
humidification chamber adapted to receive a volume of water and water heater

20  to heat said water to produce water vapour within said chamber in use, said gas

passing through said water vapour in said chamber thereby being humidified,
said instruction (a) further comprising:
i)  energising said water heater to heat said water towards a first
condition,

25 i)  continuously monitoring said parameter or a variable indicative of a
property of said water heater, until said variable or said parameter
indicates that said water has substantially reached said first
condition,

iii) determining said parameter based on at least said variable and said

30 indication of the external temperature.



heater; sensing or making an assumption of the exterior temperature; and said instruction (b) further
comprises determining based on at least said 10 indication of the exterior temperature the required
power input to said conduit heater to deliver said gas to said patient at a level of humidity or at a
temperature substantially similar to said desired level of humidity or said desired tenmegyaiarg; 2004
said instruction (c) further comprises supplying as said inpyt_power to 15 said conduit heater a level of
power substantially similar to said determined power input to said conduit heater. 18. A method as

claimed in claim 1g WherRERRIAOEIIMNER S RIARTISES dh eV dhiCad eI bREARIBE R FECEIVE a
volume of water and water heater 20 to heat said water to produce water vapour within said chamber

in use, said gas gesaithGuUntBlifiersulsaiddastrastonitosdriadsmhnsed we sy hslitgtionaditiesl, said

instruction (a) furét}ia ﬁgmgﬁ%n% ' gnergising said water heater to heat said water towards a first

" . tér Erdture. : : B .
condition, 25 ii) continuously 'monitoring said parameter or a variable indicative of a property of said
water heater, until said variable or said parameter indicates that said water has substantially reached
said first condition, iii) determining said parameter based on at least said variable and said 30

indication ofthe g%grlﬁm@mﬁglﬁi&l@j@%m&&Wéai l{ﬂﬁ‘_@!@?m@ﬂm%é@%ed inclaim18
A TS T S R
step: (d) continuahsiygsomsarihpasaieper amstizt varsaidevisrgrokeatfthwhdirs threshold
revert to step (b) and when a change in said parameter or said variable is
greater than a second threshold revert to step (a).
10
21. A method as claimed in claim 20 wherein said rate of change or said
change in said parameter indicates a decrease in flow said controller or
processor pauses for a first delay before said controller or processor reverts to
step (a) and if said rate of change or said change indicates an increase in flow
15  said controller or processor pauses for a second delay before said controller or

processor reverts to step (a), said second delay being longer than said first delay.

22. A method as claimed in claim 21 wherein said second threshold is based on
the rate of change of said parameter or said variable with respect to time,

20  wherein when said rate of change goes over said second threshold revert to step

(a).

23. A method as claimed in claim 16 further comprising the step of supplying

gas to said humidifier at a required pressure and resulting flow rate.

25
24. A method as claimed in claim 23 further comprising the step of
determining the level of electrical power required to supply said gas at a
required pressure and resulting flow rate, from which the flow rate of said
humidified gas is determined.

30

25. A method as claimed in claim 24 wherein said gas is supplied by a fan



change in said parameter or said variable is greater than a first threshold revert to step (b) and when
a change in said parameter or said variable is greater than a second threshold revert to step (a). 10
21. A method as claimed in claim 20 wherein said rate of change or said change in said parameter
indicates a decrease in flow said controller or processor pauses for a first delay befpreebaithepraoolier
or processor reverts to step (a) and if said rate of changepgr_said change indicates an increase in flow
15 said controller or processor pauses for a second delay before said controller or processor reverts
to step (a), said sppgaidisletayRRIDE lonaer dairralddist delay. 22. A method as claimed in claim 21
wherein said second threshold is based on the rate of change of said parameter or said variable with
respect to time, 20 wherein when said rate of change goes over said second threshold revert to step
(a). 23. A method,as cjgj in claim. her Y] Z'I'jle f i S to saj
humidifier at a re%ﬁire’gplﬁéi%%areg %é@l}é%&gﬁéﬁ ﬁgﬁvr?gt\éﬁ%ge 3 %Snlw%gﬁrﬁ%os% almﬁe%VYnP%f%iﬁ 23
further comprisingaitiesteliifiedejesisininedhun et ofrefratrisahngvald earispibispespphossid gas at a
required pressure and resulting flow rate, from which the flow rate of said humidified gas is
determined. 30 25. A method as claimed in claim 24 wherein said gas is supplied by a fan 9 February
2004 -25 driven by, a vari [ i ; ' ein said
estimate of the fl?v?\i ra@@%@ﬁﬁﬂ%ﬁ% gqu?lgﬁ;s%gﬁér?ﬁwﬁéggﬁéeﬁﬁ%%wg@ s?;ﬂac}/%/g?%b e speed
motor. 5 27. A medicbtaniddistbdas isldete A vk chite cifyof estinaagasdl tve ifidevsetsoof

28. A method as claimed in claim 18 further comprising the step of:
10 sensing the temperature of said water heater and providing an indication of

the electrical power drawn by said water heater,

wherein said variable is indicative of the temperature of said water heater

or said indication of the power drawn by said water heater.

15
29. A method of connecting a conduit heater within a conduit to a humidifier
comprising the steps:
providing an electrical connection between said conduit heater and said
humidifier; and
20 indicating whether conduit heater being correctly connected and capable of

operating in according within predefined limits.

30. A breathing assistance apparatus adapted to deliver humidified gas at a
desired level of humidity or at a desired temperature to a patient using open loop
25  control comprising:
humidifier having an electrical input power and capable of humidifying
said gas up to a level of humidity prior to delivery to said patient, said level of
humidity depending on said input power to said humidifier,
means for determining a parameter relating to the flow rate of said gas
30 through said apparatus;

means for determining based on at least said parameter the required



said humidified gas is determined directly from a gas flow rate sensor. 28. A method as claimed in
claim 18 further comprising the step of: 10 sensing the temperature of said water heater and providing
an indication of the electrical power drawn by said water heater, wherein said variable is indicative of
the temperature of said water heater or said indication of the power drawn by said w#els heaigRdd
29. A method of connecting a conduit heater within a conggit to a humidifier comprising the steps:
providing an electrical connection between said conduit heater and said humidifier; and 20 indicating

whethgr cor!dqit "tﬁ@iﬁﬁ@ﬂ'ﬂ@\mﬁﬁ?ﬂb‘t@@@BﬁPFﬁﬁTﬁﬂﬁiﬁﬁﬁé"@'ﬁ i%r%?@%ﬁ&t%&&fﬁ&ﬂi@ﬁt%tﬁin .
predefined limits. 30. A breathing assistance apparatus adapted to deliver humidified gas at a desired

level of humidity de¥glofibsineidilarapataitareepatonbstint adpesinby wesaishdesiceipvelng:
humidifier having ctrical i D r le of humidifying said gas up to a level of
humidity prior to ogemo‘?ejrﬁy}@?gaqg %%ﬁe@métg%%%q%ﬁéggf?ﬁﬁmidity depending on said input power to said

humidifier, means for dekeigifmngsapsiiameter seldtimpte guniowo i dhsaidditier 301Bvelugh said
apparatus; means for determining based on at least said parameter the required 9 February 2004 -26

electrical power irfVe6 JASIRGHAHM BT HeiR aridHgtgHR e daweatiEm Ut sRigeNomidifiiity or at a
temperature substantially similar to said desired level of humidity or said desired temperature; means
for supplying as said input power to said humidifier a level of 5 power substantially similar to said
determined power input to said humidifier.



