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i nvention relates to breathing assistance apparatus, particularly but not
5 solely, for supplying optimal humidity tenperature of gases to a patient
to assist the patient's breathing. BACKGROUND ART A nunber of nethods are
known in the art for assisting a patient's breathing. 10 Continuous
Positive Airway pressure or CPAP involves the adm nistration of air under
pressure tecoiagdsi ent, usually by a nﬁsal mask. |t is UpRgNzbodog t r €at nent
of snoring and Qbstructive Sl eep Apn a (OCsA), a condition characterised by
repetitive collapse of the “ th ,,| nspiration. Positive
pressure splints the upper al y op eventing its coll apse. Treatnent
of OSA with nasal CPAP has proven to be both 15 effective and safe, but
CPAP is diffilc and the majority of patients experience

signifi c%@ﬂé@%@#@ particularly in the early stages of treatnent.
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upper airway during inspiration. Positive pressure splints the upper airway open,
preventing its collapse. Treatment of OSA with nasal CPAP has proven to be both

15 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 nasal congestion
commonly occurs during the following day, simulating a viral infection. If untreated,

20 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 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

25 sufficient magnitude there may be recurrence of snoring or airway collapse.

Such symptoms can also occur in a hospital environment where a patient is on
a respirator. Typically in such situations the patient is intubated. Therefore the throat
tissue may become irritated and inflamed causing both distress to the patient and
possible further respiratory problems.

30 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



I ncl udi ng phannacol ogi ¢ agents to reduce nasal disease, or heating the
bedroom One WO 01/13981 PCT/ NZ00O/ 00156 nost comonly enpl oyed nmethod is
hum di fication of the inspired air using an in line humdifier. Two types
of humdifier are currently used. Cold passover humdifiers rely on
hum di fying the air through exposure to a | arge surface area of water.
Wiile they are cheap, the humdity output is low at high flows, typically
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that of the ambient temperature. Excessive condensation also results in inefficient

usage of the water in the humidifying chamber.

20 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 conduit. However it is still necessary

-25 to have good control over the temperature and humidity of gases as they are actually
supplied to the patient.

In the home care environment in which a user requires to use humidifying

apparatus at home, the range of ambient and gas temperatures may well exceed that of

the hospital environment. In the home care environment, the user will usually wear a

30 face mask which is connected to end of the conduit and such a humidifier may be used

in the home environment for the treatment of breathing and sleep apnea disorders and/or



- . tenperature as

apparatus at home, the range of anbient and gas tenperatures nmay well
exceed that of the hospital environnent. In the home care environnent, the
user will usually wear a 30 face nmask which is connected to end of the

. conduit and such a humdifier nay be used in the hone environnent for the
treatnment of breathing and sl eep apnea di sorders and/or WO 01/13981 -3- PC
/[ NZQO/ Q0156 in conjunction with ventilators or CPAP devices. In addition,
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15 energised, that it is operating correctly.

DISCLOSURE OF THE INVENTION
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
20 least provides the public or industry with a useful choice.
Accordingly in a first aspect the 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:
humidification means having an electrical input power and capable of
25 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 humidification means,
transportation pathway means for conveying said humidified gases from said
humidification means to said patient, and
control means including stored instructions to:
30 (8)  determine a parameter relating to the flow rate of said gases through said

apparatus;



| evel of hum dity depending on said input power to said humdification
means, transportation pathway neans for conveying said hunidified gases
fromsaid humdification neans to said patient, and control neans

i ncluding stored instructions to: 30 (a) determine a paraneter relating to
the flow rate of said gases through said apparatus; WO 01/13981 -4-
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said humdifi Ch%tnlligi%cation means having an electrical input power capable of humidifying

said gases up to a level of humidity, said level of humidity depending on said input
power to said humidification means, and
control means including stored instructions to:
15 (@  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 humidification means to humidify said gases to a level of humidity
or  ata temperature substantially similar to said desired level of humidity or said
20 desired temperature;
(c)  supply as said input power to said humidification means a level of power
substantially similar to said determined power input to said humidification
means.
In a still further aspect the invention consists in a breathing assistance apparatus
25 adapted to deliver humidified gases at a desired level of humidity or at a desired
temperature to a patient comprising:
humidification means 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
30 depending on said input power to said humidification means,

transportation pathway means for conveying said humidified gases from said



means. In a still further aspect the invention consists in a breathing
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descri pt i dreatihg medans and inpludihgy an Inhdicdtoradn wse connected to said control output,
wherein when said said pathway heating means being correctly connected to said
control means and operating in according within predefined limits said control means
15 energising said indicator.
To those skilled in the art to which the invention relates, many changes in
construction and widely differing embodiments and applications of the invention will
suggest themselves without departing from the scope of the invention as defined in the
appended claims. The disclosures and the descriptions herein are purely illustrative and

20 are not intended to be in any sense limiting.

BRIEF DESCRIPTION OF THE DRAWINGS
One preferred form of the present invention will now be described with reference to the
accompanying drawings in which;
25 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,
~ Figure 3 is a block diagram of the control system which controls the humidifier
in the preferred embodiment of the present invention,
30 Figure 4 is a flow diagram of the algorithm used to control the heater wire within

the respiratory conduit,



20 are not intended to be in any sense limting. BRI EF DESCRI PTI ON OF THE
DRAW NGS One preferred formof the present invention will now be descri bed
with reference to the acconpanying drawings in which; 25 Figure 1 is a
il-lustration of a respiratory humdifier system Figure 2 is a illustration
of the humdifier base of the respiratory humdifier systemof Figure 1,
Figure 3 is a block diagramof the control system which controls the

humi di fi er W@t preferred enbodi ngyt of the present irCTaNzowesss 30 Fi gure
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is preferably heated to reduce condensation, or “rain out”.

Referring to Figure 1 a humidifying apparatus as might be used in a hospital

generally referenced 1 is shown. The apparatus comprises a body 2 containing heating

15 means comprising a heating plate 20 having an electric heating element therein or in
thermal contact therewith and control means for example electronic circuitry which may
include a microprocessor for controlling the supply of energy to the heating element.

The body 2 is removably engageable with a humidifying chamber 3 which contains

water for humidifying gases. Referring to Figures 2 which show the humidifier

20 apparatus in more detail, the humidifying chamber 3 has edges which engage with collar
24 on the humidifier apparatus. The gases to be humidified may be a mixture of air,
oxygen and anaesthetic for exampie 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

25 conduit 6 (Figure 1) which conveys humidified gases to a 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

30 in 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.



The body 2 is renovably engageable with a hum difying chanber 3 which
contains water for hum difying gases. Referring to Figures 2 which show
the hum difier 20 apparatus in nore detail, the hum difying chanber 3 has
edges which engage with collar 24 on the hum difier apparatus. The gases
to be humdified nmay be a m xture of air, oxygen and anaesthetic for
exanpl e which are supplied to the chanber through a gases inlet 4. This
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extra sensors but also allows the apparatus connected to the end of the conduit to be
s1mp1er and lighter.

poed

In the preferred embodiment of the present invention the controller 100, shown
20 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 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
25 given humidity and or temperature of gases at the top of the humidifier chamber
alternatively (or estimates the 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.
30 Referring fo Figure 4, when the humidifier starts up the controller executes a

supervisory algorithm, which controls the heater plate and if present the conduit heater



15 delivered to the patient. Additionally this nmay be used to provide a
nmore appropriate |evel of energisation at this conduit heater elenent.
This not only saves the cost of the extra sensors but also allows the
apparatus connected to the end of the conduit to be sinpler and lighter.
In the preferred enbodi nent of the present invention the controller 100,
shown 20 in Figure 3, uses a range of inputs to control both the power 108
- supplied t wotwastseater plate 110 as |1 as the power Ilgcérnezepperised to t he
conduit heating elenent 116 (if present). In certain applications it may
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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

supplied to the heater plate ( Pyp), the rate of flow of gases (E,, ) and the ambient

20 temperature (T, ) is graphed in Figure 6. From this an approximate general algebréic

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 Ty, + 5.383) X Fp + (-0.3112 X T, + 10.738)

Thirdly the algorithm calculates the required power input to the conduit heater

25 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 temperature. Thermal characteristics of the

conduit will either be known or can be calculated by experimentation. This relationship

30 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



required heater plate power 138 (alternatively heater plate tenperature) to
achieve a desired tenperature/humdity of gases (alternatively heater

pl ate power). A relationship has been enpirically determ ned using a

hum di fier and a heated conduit such as that 15 as described in US5640951,
the contents of which are incorporated herein by reference. The actual
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cructal a?46t igg. fast response system in order to avoid thermal overshoot. Effectively where either
Pyp or Ty is controlled constant, monitoring the other variable gives an indication of any
change in flow, or any other variable which requires a recalculation. '
20 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. Ifit goes down there is a 30 second delay before the controller
recalculates, to avoid any possibility of the delivered gases being, even transiently, too
25 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 dx/dt is calculated and
monitored. While a negative value is more dangerous, any deviation over a certain value
30 will reset the controller.

In an alternative embodiment of the present invention the expected heater plate



. heater plate. 10 Once the heater plate and conduit heater el ement have been
" appropriately energised, the controller continues to nonitor 142 the
system for any changes in the variables. The main reason for this is to
avoi d thermal overshoot ie where the flow drops suddenly, the tenperature
- of gases can becone dangerously high. In order to nonitor effectively, two
nmet hods are used. Firstly the flowrate is 15 nonitored and secondly the
change in MOAYIPite (with respect taqgi.me) is al so noni treTavzoonooisse fir st
144 is to allow the systemto respond to any changes in the system The
second {efhfperstuie if odtulaR@psinge systemin order to avoid thernal overshoot.
Effectively where either PHp or THP is controlled constant, nonitoring the
ot her variable gives an indication of any change in flow, or any other

vari abl e which requires a recal guiab+ Q_ der to nmonitor the flow a
vari able x (defined as PHp/ﬁ’?l 9%\7\3# cldggse y related to the flow
rate, is constantly cal cul ated and m)nitored It goes up there is a 30
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possibility of the de |vered ases being, even tranS|entIy too 25 hot.
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heater element if:

15 i) the rate of flow of the gases reduces,
iiy  the ambient temperature decreases,

iii)  the differential between ambient and gases temperature increases.

It will also be appreciated that the heater plate temperature could be controlled to
20 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.

First preferred embodiment of flow estimation
Generally when used in a hospital setting a humidifier such as that described in the
25 present invention will be used in conjunction with a respirator to supply humidified gases
to an incubated patient, or possibly using 2 respiratory mask. As such the humidiﬁer will
operate effective independently of the respirator and therefore must make all of its control
decisions based on only the sensors contained therein. In the preferred embodiment of the
present invention the flow rate of the gases passing through the humidification chamber
30 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



1) Estimates the rate of flow of gases keeping all variables constant 136.
2) Estimate the required heater plate power/tenperature to achieve a
specified 10 tenperature/ humdity of gases in the hum dification chanber
138. 3) Calculate the power input to the heater wire to achieve a desired
output tenperature 140. It will be appreciated that a greater |evel of
power will be supplied to the conduit heater elenent if: 15 i) the rate of
fl ow of thwomgassireduces, i) the ahient tenperature PEEINZOWISS iii) the
differential between anmbi ent and gases tenperature increases. It will also

be appreﬁli?gJ %éééaéfmé TaEpel AR Shodt A PoWver RYuibd b§ thoHtderdslatedniorddrited to 20

a set va Ing closed loop contiol) as opposed to power. In this case
t he poweechisvmplgiven heatdrcplate tempeatne for gegixen systym dhe ¢ wlationslyp) ity .

Furthermpre where relati hi I | oul d
cqual |y Bevernpater  eathE hefipRife HER ERneall pE AR B CY ©
esti mati g8 deppmind empitiedlyusiabedréticallp @aleulatdd. S&gdin nging athmmidifier end such as
that described in the 25 present i,Qvent ;g%év\&g} ﬂ}e? Fqi@d.i n conjuncti on
withSa ré!}ﬁeﬂaﬁf’@ﬁ“lté“%ﬂﬁltgatm‘ﬂ ehiny 4 {og: QH‘PB}é“ﬁﬂXnt, or
possi bly ' | sk. As such the humdifier will operate
effectivéﬁ?eﬁg}?gr{élgﬁﬁsy owﬁ%ar espirator and therefore nust make all of

: its control decisions based on only the sensors contained therein. In the
preferred enbodi nent of the present invention the flowrate of the gases

A% - bise-UI Lk O7, ¢ agbodr)+{(BbasR6258 2L )-mpfed by

conpar i ng- t-he—powe at equi-red—D38-f- pl ate to
the measured tenperature 112 of tAMEHms®Bllate. In effect the higher the
rate of WO 01113981 -11 - PCT/ NZOO' 00156 flow of gases the |arger the

anount of power required by the heater plate in order to achieve a given

heat er plwheretppierta¢ power Ipplicdftorthe hpater plate s achieveea rgivent heateriplpte bet ween
power to heater plate and fl fate for. a given heater plate .t erature
can 19 t helemperatyE iR steadyciate ﬁg%’%@:ﬂe ain 1S dhe 1‘&‘88#“3@8%{?‘“‘35’3 ‘?%sul‘&?‘érgggasAgai n
using a hggddiski er and a 5 heated conduit such as that as described in

US5640951 the fol l owing enpirically _ o ,
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.

15
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.

20 6050260, the contents of which are incorporated 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 réadily 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.

25 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 maintain the specified speed a certain

power input will be required for the fan. Therefore an algebraic relationship between the



~determned relationship applies: - (0.831- 0.0049 * r ) + absl (0.831=
0.0049 * Toxi6 )2 - (4 * (0.00004 * T,- O 0057) * ((14348 - 025 * Taiie) -
PHP)I! 2 * 0.0004 * T,,ie - 0.0057) where PHP is the power applied to the
heater plate to achieve a given heater plate 10 tenperature in steady
state of 50 C, T.b is the anbient tenperature and F.., is the gas flow
rate. It will be appreciated this nethod is nore appropriate in the
hospi tal ceceo1n8sdyi r onment where the §nbient t enperat ur g SfngsSsur ed
with a high degree of confidence. T8°Second Preferred Enbodi ment of Fl ow
Estinatl i 0R. \ ften be
el oyed oV itetial TR iRty BB R il by ey bl £ Goar)
devi ce omagruﬂéb sitdve for Effetive icottrelver shergisikorcof thiel dondiiie huster élefnent, such as
that described in US Patent No. 20 6050260, the contents of which are
i ncor por SRSWEING thesysteras aavholeopegates corrgrily asyeell asbeing s sfficient axpossiles uch
- applications it nmay be possible to connect the controllers of the various
devi ces together in an arrangenent such that data may be readily exchanged.
In such cases the rate of flow of the gases nmay be estimated directly from
information available either fromthe fan or, where provided, a flow
sensor. 25 In this enbodi nent of the present invention the flowis
esti mated based on the 1loading 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 maintain the specified
speed a certain power input will be required for the fan. Therefore an
al gebraic relationship between the WO 01/13981 -13- PGI/ NZ00O/ 00156
removi ng external sensors making the system sinpler, cheaper and |ighter.
Smlarly it my also allow for effective control over energisation of the
conduit heater elenment, ensuring the systemas a whole operates correctly
as well as being as efficient as possible. WD 01/13981 -14- PCT/ NZ00O/ 00156
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CLAIMS: 1. A breathing assistance apparatus adapted to deliver humdified
gases at a desired |level of humdity or at a desired tenperature to a
patient conprising: humdification means having an el ectrical input power
and capable of humdifying 5 said gases up to a level of humdity prior to
delivery to said patient, said level of humdity depending on said input
power to said humdification neans, transportation pathway neans for
conveyi ng swe0di/sesn di fied gases from gaid hum dificati opcrmzsmeise said
patient, and control neans including stored instructions to: 10 (a)

det er m necg q@meter relating to the flowrate of said gases through said
appar at us; deternmine based on at |east said paraneter the required

el ectri cal. powebreathing assistancedppatatusi adepted td deliveninanidifies ghets atardesinéd] gases

to said patient at.a leyel af . humdity or at tenperature substantially
simlar t Vglaﬂr}gma’é@fa)f%roatP&??FWHMW?@@@W’%&%&P%%i red tenperature;
(c) supply as mlidificRRiAmEAREviADars@bdhi &Ml Hptt poveed ah® BagdBRBT hdmidHMlg Of
-power substantially simlar to Said deterimned power i nput to sai

“humi & fi ceaid gasesienitox leved of mumidisy priprig delivry tasaiskpationtasaid levelef hamidified i n

claiml f r i.sina: 2 \ay- . ] ans having an el ectrical

I nput pomg#}%eggiﬁg%gglg{ Hdﬁ%@%ggfggﬁs%f%uﬁm}@gﬁwﬁp %&portat I on pat hway neans
wher ei n the gas@spdrtatioh f};&tﬁWgOMBihsSﬁi' @oh¥ seid huhfidifie® PakesofforfiBalts ar e
heated either directly or indirectly by said pathway heating neans whereby
the | evel hypidification egeptorgidnptient. 820 d” i nput power to said pathway heating
means; 25 an aibEiheds TR ﬁ&hgéﬁﬁﬁﬁéﬂ{c 'Qﬁsgt\Sidi ng an indication of the
exterior tenperature;, and sa I NS I‘UCPI on (b) further conprises

det ellni ni ng baapd deteahireaqsrameterielating ite theiflow ate ofwmidgdses thooughesajer at ur e
the required power input to said pathway heating neans to deliver said
gases to said PR at a level of humidity or at a tenperature
substantial |y @ |JRtermmeasel 688l fefd shﬁwmﬂéteM%ehﬁﬁed@leo&%aﬂFG&& red
tenperature; 30 and said instruction (c) further conprises supplying as
sai d i nput povisputite said humidification means to deliver said gases to said patient at a level o

humidity or at a temperature substantially similar to said desired level of humidity
&) or said desired temperature;
(¢)  supply as said input power to said humidification means a level of power

substantially similar to said determined power input to said humidification means.

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

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

25 an ambient temperature sensor providing an indication of the exterior temperature;

and said instruction (b) further comprises determining based on at least said
indication of the exterior temperature the required power input to said pathway heating
means 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;

30 and said instruction (c) further comprises supplying as said input power to said

pathway heating means a level of power substantially similar to said determined power

o
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pat hway heating neans a |evel of power substantially simlar to said
determined power | "Il Il~i~I~"1 1 ~~"11I1~IL S WD 01/13981

PCT/ NZ00O/ 00156 input to said pathway heating neans. 3. A breathing

assi stance apparatus as clainmed in claim2 wherein said hum dification
means conprises-a humdification chanber adapted to receive a vol une of
water and 5 water heating neans to heat said water to produce water vapour
“within sai IWORHIYr in use, said gasegspassi ng through sBEHNROBAS6yvapour in
sai d chanber thereby being humdified, said instruction (a) further

conpri si Nigput tb saidgfathvwdy Heafifg thelt er heating neans to heat said water
towards a first condition, 10 ii) continuously nonitoring said paraneter
or a variable indicative of a property of said water heating nmeans, until
said varigble [ t Lnd] : : . j S ot
substanti :g'l ly @é%%%% %%thﬁ%iaﬁé?h@g#ﬁ ?%ﬁ@?mfg’g?rgﬁﬁaﬁlﬂgﬁglgc tlo|31ar anet er
based on meadscamtprises d huaridifibtionachember atapteddb aedeivna gdluntecofoxater and
_tenperature, 15 4. A breaihing.,assistance apparatus as.claiped i.n claim3

" wher e n tWéteHéfaéWﬂifﬁ%?E‘F m]aﬁeaégaqggqagpr ﬁ%ﬂl@ﬁ“‘feo‘e&ﬁ{ VERPUR VR s@ﬁ‘?@ﬁ’%ﬁhs in
sai d i NSt {AuCth RN ohddd dasSsifd IRoRSS 88id OWatevapour i safd CRAMBYr thBRbY Yedighal
tenperature. 20 g Abreat hi ng  assi stance apparatus as clainmed in claim3
wher ei n shurdidified, saidl imspmotion @) furtheycemprigingier i nstruction : (d)

conti nuously nitor sai.d paraneter or sai ariabl nge in
said parametél or °§3rigéfl%%“§1l3’{£§eriel§“ geg{eggs ¥%§?\aq§aﬁ nggttwggﬁgl %‘ani d
control negHEtigLverts to said instruction (b) and when a change in said

paranmeter or said variable is greater than 25 a second threshold said

. cont ¥bl neans iever centinyopsly (ponitorigg seish pargmeter 107 A, vapiable indicalive afa

appar at us | | ' | 2: 4 ' | S nmet er

of said VE’?’}S@ Qfﬁcgvlvg{aéf g(l'saﬁg e(%}ri%g{sl@ élalrg ‘;ﬁr%vﬁvteg’r(ré%? tl vee &i/r lgﬂg%teé)%gfay S
said water has substantially reached said first condition,

»

iii)  determining said parameter based on at least said variable and said
indication of the external temperature.
15
4. A breathing assistance apparatus as claimed in claim 3 wherein the determination
of said power to said humidification means in said instruction (b) is also based on said

indication of the external temperature.

20 S. A breathing assistance apparatus as claimed in claim 3 wherein said control means
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 control means reverts to

said instruction (b) and when a change in said parameter or said variable is greater than

25 a second threshold said control means reverts to instruction (a).

6. A breathing assistance apparatus as claimed in claim 5 wherein if said change in
said parameter of said variable indicates a decrease in flow a relatively short delay is
caused before said control means reverts to said instruction (b) and if said change
30 indicates an increase in flow a relatively long delay is caused before said control means

reverts to said instruction (b).

—
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caused before said control neans reverts to said instruction (b) and if
sai d change 30 indicates an increase in flow a relatively long delay is
caused before said control neans reverts to said instruction (b).
©11111112121212121212121211 1111111111111 S W01113981 -16- PCT/ NZ00O/ 00156 7. A

br eat hi ng assi stance apparatus as clained in claim5 wherein said second
threshold is based on the rate of change of said paraneter or said variable
Wi th respestobiasssti me, wherein when sgsd rate of change reT&¥z0000S6 sai d
second threshold said control neans reverts to said instruction (a). 5 8.
A breat hing agshRLARGE 18R dppafatusCasitiamibd i Elbid BEwherein 2aid Wesdir
conprising a gases supply nea adapted to supply gases to said

hum di f i dhtestmid isdmses] ot the rate of change ofiseidqaranesteroy said yariabla gvith respectioe. 10 9.

A Dbreat hing assi st ance appar.atus, as cl ai ned j.n | [ L. gases
suppl y rfﬂgﬁswé?ﬁl‘?i & %ﬁ%&*ﬁ? ﬁgf’h@gﬁ@fzs Pg?frs&deg%g#%%gd Fielggﬁﬂg@

el ectri CghefildtrBtsk® s ifdtd a).suppl y neans, said signal being supplied
to said control nmeans fromwhich the flowrate of said humdified gases is
det edm ned. 15 10. A breathing assistance apparatus as clainmed in claim8
or claim@ wheygin,said. I [ Fufthd dkd a
vari abl e ‘peed{E‘ieg@.ﬁ'f%agm?}gx?%?aip%%&gﬂyglr ea P%gﬁgééi%gtzance a%fﬁi ?igitﬁgls%yas

cl ai med i gased aipplyl Mreidaidapted $ainthpbsgdsemtosaif hunidifichtiommeanseataf reguired

hum di fied gases js hased on the current drawn by said variable speed 20
notor. 12pregsurs askresulgng8eVattince apparatus as clained in claims 1 or 2
further conprising a gases flow rate sensor fromwhich said estinate of
the flowrate of said humdified gases is deternmned directly. 25 13. A
br eatthi ng9.assiA breathingrgspistantelrpparstus laa claioed in clgim SHwhersgin seidgasss SIpply 7

means provides an output signal representative the level of electrical output to said gases

supply means, said signal being supplied to said control means from which the flow rate

of said humidified gases is determined.

15 10. A breathing assistance apparatus as claimed in claim 8 or claim 9 wherein said

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

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

20 mofor.

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

is determined directly.

25
13. A breathing assistance apparatus as claimed in any one of claims 3 to 7
further comprising:
chamber sensing means providing an indication of the temperature of said water
heating means and providing an indication of the electrical power drawn by said water
30 heating means, '

wherein said variable is indicative of said indicator of the temperature of said water
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further conprising: chanber sensing nmeans providing an indication of the
tenperature of said water heating neans and providing an indication of the
. electrical power drawn by said water 30 heating neans, wherein said
variable is indicative of said indicator of the tenperature of said water
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heating nmeans or said indication of the power drawn by said water heating
means. 14. wobwwgsi hi ng assi stance appﬂ,éat us as clai med ipcRhAoAnse Wherein
said paraneter is defined as the valle of said power drawn by said water
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desired level of humdity or at a desired tenperature conprising:

hum di ficgti on yreapns haying an el ectrical i nput power capable of
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control neans including stored |nstruc¥| ons to: (a)” determ ne a-paraneter
rel abi ng tewperabiré phHseid water béatinginbagsses t hr ough said apparatus; 15 (b)
determ ne based on at |east said paraneter the required electrical power
input to said humdification means to humdify said gases to a level of
hunmidity 19 & brRath@ifiRsiddiéeappialsT0f hthidification bP#asEQat%déﬂir&?s' red | evel
~of humidity or said desired tenperature; (c) supply as said Input power to
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hum di fi catj.on | ns having an el ectrical input power capable o
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control means including stored instructions to:
(8)  determine a parameter relating to the flow rate of said gases through said
apparatus;

15 (b)  determine based on at least said parameter the required electrical power
input to said humidification means to humidify said gases to 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 humidification means a level of power

20 substantially similar to said determined power input to said humidification means.

16. A breathing assistance apparatus adapted to deliver humidified gases at a desired
level of humidity or at a desired temperafure to a patient comprising:
humidification means having an electrical input power capable of humidifying
25 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 humidification meané,
transportation pathway means for conveying said humidified gases from said
humidifcation means to said patient,and |
pathway heating means having an electrical input power, and being associated with
30 said transportation pathway means wherein the gases flowing through said transportation

y wﬂy or indirectly by said pathway heating means
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- 25, said gases up to a level of humdity prior to delivery to said patient,
said level of humdity depending on said input power to said

hum di fi cati on neans, transportation pathway neans for conveying said

ham di fied gases fromsaid humdifcation neans to said patient,and pat hway
heati ng means having an el ectrical input power, and being associated with
30 said transportation pathway neans wherein the gases flow ng through said
transport atW@M/13t hway neans are heajgd either direct! yrewNzomidisect |y by
sai d pathway heating neans 11111111 * 1111112111111 M 111111111 WO
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said i nput power to said pathway heating neans; control” nmeans whi ch supply
sai d i npuR®ESiver to said hum dification neans and said pathway heating

means, and proyj.di .1 ndi i ve. of i hwa heat i ng
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connect s}?i d contrql ., neans tfmd sai d pathway _heating nmeans and i ncluding an
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pat hway hggahinedteined i@ hdcor rectly connected to said control neans 10
and operatingin according within predefined linmts said control neans
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when said said pathway heating means being correctly connected to said control means

10 and operating in according within predefined limits said control means energisng said

indicator.

17. A 'breathing assistance apparatus substantially as herein described with reference
to and as illustrated by the accompanying drawings.
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