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DESCRIPTION

TECHNICAL FIELD

[0001] This invention relates to an apparatus for measuring properties, such as temperature
and humidity, of gases being supplied to a patient. Humidifiers are commonly controlled by
measuring the temperature of gas at two points, adjacent to the output of the humidifier and
proximal to the patient. This invention predominantly relates to the measurement of
temperature of gas supplied to a patient at a point proximal to the patient.

BACKGROUND ART

[0002] The gases temperature supplied to a patient when the patient is undergoing treatment
such as oxygen therapy or positive pressure treatment for conditions such as Obstructive
Sleep Apnea (OSA) or Chronic Obstructive Pulmonary Disease (COPD) is often measured for
safety and to enable controlling of the humidity delivered to the patient. Measurement of
temperature near the patient is commonly performed using a probe inserted into the breathing
tube, such as that of Fisher & Paykel Healthcare Limited, US Patent Numbers US6,272,933
and US6,584,972. Such a temperature probe is connected to the humidifier through a cable
that runs external to the breathing circuit. This approach has some drawbacks. In particular,
the user must correctly install the temperature probe. If the probe is not correctly installed then
the humidification system may malfunction which may increase risk to the patient. Existing end
of breathing tube sensors require sensor wires to be run down the outside of the breathing
tube. This lowers reliability of the sensors due to the vulnerability of these wires. Alternatively, if
these wires are run down the inside of the breathing tube there would be an increase of the
resistance to airflow and the hygiene of the breathing circuit would be lowered. US4682010
discloses temperature sensors in a conduit with a heating element to deliver gases to a patient.

[0003] GB1294808 discloses a temperature sensor to sense temperature of an inhaled gas
close to the patient.

[0004] WO001/43804 discloses a thermal sensor mounted on the inside surface of a patient
mask. GB2176405 discloses a thermistor removable positioned in an inspiratory line,
downstream of a heater.

[0005] WO02004/011072 discloses a temperature sensor in contact with the housing of a
device to deliver gases to a patient, but not in contact with the flow of respiratory gas.

DISCLOSURE OF THE INVENTION
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[0006] It is an object of the present invention to provide a method of measuring properties of
gases supplied to a patient that goes some way to overcoming the abovementioned
disadvantages in the prior art or which will at least provide the industry with a useful choice.

[0007] The solution is given by the independent claim. Preferred embodiments are listed in the
dependent claims.

[0008] Accordingly in a first aspect the present invention consists in an apparatus for
measuring properties of gases being supplied to a patient comprising:

a gases supply,
at least one delivery conduit including a heater wire for heating said conduit,

wherein said heater wire is utilised in an electrical circuit to determine said properties of said
gases.

[0009] Preferably said electrical circuit is connected in series with said heater wire and
provides a measurement or enables a calculation of an indication of at least one of
temperature, humidity, pressure and composition of said gases.

[0010] Preferably said electrical circuit is mounted and sealed on a printed circuit board that at
least partially extends into the gases supplied to said patient through said at least one delivery

conduit.

[0011] Preferably said electrical circuit is at least partially moulded into the wall of said delivery
conduit.

[0012] Preferably said electrical circuit includes a sensing means with known properties at
ambient temperature such that said sensing means can be matched with said at least one
delivery conduit.

[0013] Preferably said sensing means is a temperature sensor.

[0014] Preferably said electrical circuit includes at least one measuring means in series with
said heater wire.

[0015] Preferably said at least measuring means is a temperature measuring means.

[0016] Preferably said temperature measuring means includes a thermistor and diode in ,
parallel and a reference resistor.

[0017] Preferably said thermistor and said diode are located at the end of said delivery conduit
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near to said patient and said reference resistor is included in said gases supply means.

[0018] Preferably said gases supply means includes a device to supply gas flow, such as a
blower, and a humidifier to humidify said gases from said blower.

[0019] Preferably said gases supply means is a humidifier.
[0020] Preferably said electrical circuit includes a gases property measuring means.

[0021] Preferably said gases property measuring means includes at least one of a sensor,
band pass filter or thermistor and at least one reference resistor.

[0022] Preferably said at least one of a sensor, band pass filter or thermistor are located at the
end of said delivery conduit near to said patient and said at least one reference resistor and at
least one band pass filter is included in said gases supply means.

[0023] The invention consists in the foregoing and also envisages constructions of which the
following gives examples.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Preferred forms of the present invention will now be described with reference to the
accompanying drawings.

Figure 1 is an illustration of a respiratory humidifier system that may be used with the method
of the present invention of measuring temperature of gases supplied to a patient.

Figure 2 is a circuit diagram of the electronics enabling the measurement of the temperature of
gases to a patient, where the circuit is utilised when the system of the present invention is
utilising DC heating and measuring voltages.

Figure 3 is a circuit diagram of the electronics enabling the measurement of the temperature
of gases to a patient, where the circuit is utilised when the system of the present invention is
utilising DC or AC voltages for the heating and signal voltages.

Figure 4 is a cut away of a conduit including a circuit of the present invention on a printed
circuit board and residing with the conduit in the area of gases flow.

BEST MODES FOR CARRYING OUT THE INVENTION

[0025] The present invention seeks to measure various properties, for example temperature or
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humidity, at the end of a gas delivery tube or conduit using sensors mounted on a wire, such
as a wire used for heating the gases flow through the tube or conduit, where the wire resides
within the delivery tube or conduit. A heated tube with a heating wire such as that described in
Fisher & Paykel Healthcare Limited US Patent Number 6,078,730 or any other similar tube and
heating wire could be utilised with the present invention.

[0026] Referring to Figure 1 a ventilation and humidifying system as might be used with the
present invention is shown. A patient 13 is receiving humidified and pressurised gases through
a nasal cannula 12 connected to a humidified gases transportation pathway or inspiratory
conduit 3 that in turn is connected to a humidifier 8 (including humidification chamber 5)
supplied with gases from a blower 15 or other appropriate gases supply means.

[0027] The inspiratory conduit 3 is connected to the outlet 4 of the humidification chamber 5
that contains a volume of water 6. The humidification chamber 5 is preferably formed from a
plastics material and may have a highly heat conductive base (for example an aluminium base)
that is in direct contact with a heater plate 7 of humidifier 8. The humidifier 8 is provided with
control means or an electronic controller 9 that may comprise a microprocessor based
controller executing computer software commands stored in associated memory. Gases
flowing through the inspiratory conduit 3 are passed to the patient by way of the nasal cannula
12, but may also be passed to the patient by way of other patient interfaces such as a nasal or
full face mask.

[0028] The controller 9 receives input from sources such as user input means or dial 10
through which a user of the device may, for example, set a predetermined required value
(preset value) of humidity or temperature of the gases supplied to patient 13. In response to
the user set humidity or temperature value input via dial 10 and other possible inputs such as
internal sensors that sense gases flow or temperature, or by parameters calculated in the
controller, controller 9 determines when (or to what level) to energise heater plate 7 to heat the
water 6 within humidification chamber 5. As the volume of water 6 within humidification
chamber 5 is heated, water vapour begins to fill the volume of the chamber above the surface
of the water and is passed out of the humidification chamber 5 outlet 4 with the flow of gases
(for example air) provided from a gases supply means or blower 15 which enters the
humidification chamber 5 through inlet 16.

[0029] The blower 15 may be provided with a variable speed pump or fan 2 which draws air or
other gases through the blower inlet 17. The speed of the variable speed pump or fan 2 may
be controlled by a further control means or electronic controller 18 which responds either to
inputs from controller 9 or to user-set predetermined required values (preset values) of
pressure or fan speed, via dial 19. Alternatively, the function of this controller 18 can be
combined with the other controller 9.

[0030] A heating element or wire 11 is preferably provided within, around and throughout the
conduit or tubing 3 to help prevent condensation of the humidified gases within the conduit.
Such condensation is due to the temperature of the walls of the conduit being close to the
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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
effectively replaces the energy lost from the gases through conduction and convection during
transit through the conduit. Thus the conduit heater element ensures the gases delivered are
at an optimal temperature and humidity.

[0031] Such a heater wire is commonly driven either with direct current (DC) or alternating
current (AC) and in both cases the heating voltage is usually switched on and off to control the
power applied to the heating element. In the present invention the heating element 11, which is
most preferably a wire, is used along with an electronic circuit to determine properties of the
gases supplied to the patient. The circuit (20 or 40 in Figures 2 and 3) is preferably connected
in series with the heater wire 11. The circuit may be on a printed circuit board, or wired within a
housing that may be a plastic moulding in the gases flow, or a circuit board that is at least
partially moulded within the wall of the conduit or tubing 3. The properties that may be
measured include temperature, pressure, gas composition and humidity. Two embodiments of
the present invention are described below, one that operates using only a DC heating voltage
and the other that can operate with a DC or AC heating voltage.

DC Heating Voltage

[0032] Figure 2 shows a circuit 20 that may be utilised for carrying out the method of
measuring temperature of the present invention. When a DC heating voltage 25 is applied to
the heater wire the diode 22 conducts and current flows through the heater wire 21, 28 and the
heater wire functions as normal and provides heating to the delivery tube 3. When the heating
voltage 25 is switched off using switch 29, a measurement voltage 26, which has opposite
polarity to the heating voltage 25 is applied to the heater wire. In this case, the current in the
heater wire 21, 28 does not flow through the diode 22 but flows through the thermistor 23 and
through a reference resistor 24. The voltage across the reference resistor 24 can then be
measured at the output 27 and the temperature of the gases determined. The voltage
measurement 27 across the reference resistor, 24, is converted to a temperature using a look
up table or an equation to calculate a value for temperature. This is similar to a commonly
used technique where the thermistor 23 forms a potential divider with the reference resistor 24.

[0033] More generally, the thermistor may be replaced by an impedance (for example, a
resistor and a capacitive sensor) for pressure or humidity measurement. Either the impedance
can be measured by measuring the voltage across the reference resistor 24 or the rise-time
could be determined by looking at the voltage across the reference resistor 24 in time.

[0034] Part of the circuit 20 would be included in the delivery conduit 3 and in particular the
diode 22 and thermistor 23 (in parallel with one another) are preferably placed in series with
the heater wire 21, 28 at a point in the heater wire at or near the end 30 (nearest the user 13,
see Figure 1, 2 and 4) of the delivery tube 3, for example they may be interconnected on a
printed circuit board, overmoulded with plastic for sealing and mounted in the gases stream
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through the delivery conduit as shown in Figure 4. Furthermore, the circuit may be formed by
interconnected parts in a housing, for example, a plastic housing, that protrudes from the
plastic wall of the delivery tube into the gases flow through the conduit, in order to measure
that gases properties. All other parts of the circuit 20 including the reference resistor 24 and
the switching circuitry 29 would be included in the control circuitry of the humidifier 8.

[0035] The thermistor's value can be chosen to have different resistance curves with known
properties at ambient temperature. The choice of a particular thermistor value for use with the
circuit allows identification by the control system of the present invention and matching of that
thermistor value with a specific conduit or tubing 3. Such that different thermistor values can be
matched with a particular and appropriate conduit types and upon connection of the conduit to
a humidifier or blower device, the control system can identify that thermistor and apply the
appropriate control strategy to the heating of the conduit.

AC or DC Heating Voltage

[0036] The circuit shown in Figure 2 is intended to be used when a DC heating voltage is used
in conjunction with the heater wire, delivery conduit and system as shown in Figure 1. An
alternative embodiment of a circuit 40 that would provide measurement of the gases
properties, such as temperature and is suitable for AC and DC voltages, is shown in Figure 3.
A number of voltage signals 51, 52, 53, which are at different frequencies, are added together
at an adder 50. These signals include at least one heating signal 51 and at least one
measuring signal 53. The combination of these signals passes down the heater wire 44,
creating currents (heating and measuring) in the heater wire 44. A number of parallel paths are
established 41, 43, 45 each containing a filter (for example, as shown in Figure 3, one low
pass filter 41 and three band pass filters 43, 45, 48) that each pass a different frequency
range. These parallel paths (that is, filters, thermistors and/or sensors) are preferably located
at the end 30 of the delivery tube 3, in a similar manner as described in relation to Figure 2.
The parallel paths allow the heating current to be passed through a different path to the
measurement currents. It also allows multiple measurement signals to be passed through the
heater wire so that different properties of the gases (e.g. temperature, pressure, humidity,
composition) maybe measured.

[0037] The heating and measurement currents return through the heater wire 46 and can be
filtered through a number of measurement filters 47, 49, 57 in parallel that pass frequency
bands that correspond to the filters, 41, 43, 45 located at the end 30 of the tube 3. The heating
current takes a different path than the measurement currents. The measurement currents
each take a different path depending on their frequency and this allows each measurement
current to be measured by passing it through a reference resistor 48, 54 or similar. Again a
look up table or equation may be used to convert the voltage across the reference resistor 48,
54 to, for example, a temperature. In the preferred embodiment of the present invention the
measurement filters 47, 49, 57 would be included in the humidifier 8 control circuitry.
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[0038] In a further embodiment one or more of the sensing elements 55, 56 at the end 30 of
the delivery tube 3 could be replaced by a fixed impedance to allow identification of the tube so
that different control algorithms can be used for different conduits or tubes.

[0039] Figure 4 shows a cutaway view of a conduit 3 with a printed circuit board 60 housing
the parts to one of the circuits of the present invention described above with reference to
Figures 2 or 3. The circuit board 60 is connected to the heating wires 21, 28 and as such is
positioned within the conduit 3. In this manner, the thermistor 23 included on the board 60 is
exposed to the gases flowing through the conduit 3 and can provide measurements of the
properties of the gases.

[0040] The circuits and method of the present invention can be applied to a number of
applications of these technologies for humidification and breathing circuit products. For
example, the measurement of the temperature or humidity at the end of the delivery tube (or in
a patient interface, for example, nasal cannula or mask) can be used to better control the
humidifier, such that a more accurate temperature of gases can be supplied to the patient,
providing optimal patient comfort and therapy. Additionally, other gases properties may be
measured, such as the gases pressure or gas composition near the patient.

[0041] The apparatus of the present invention eliminates the need for external wires for
sensing gases properties, as is required by the prior art. Furthermore the apparatus of the
present invention only uses two pins or contacts (as opposed to four pins as used in current
heated tube implementations). This means the system of the present invention is likely to be
more reliable as the contacts/pins are likely to be less prone to breakage. The utilisation of the
heater wire for measuring gases properties may also reduce the cost of the breathing tube 3
and associated parts, especially if the breathing tube is to be disposable.

REFERENCES CITED IN THE DESCRIPTION

Cited references
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APPARAT TIL MALING AF EGENSKABER VED GASSER, DER TILFORES EN
PATIENT

PATENTKRAV

1. Forsyningsledning (3) il tilfgrsel af en gasstram fra en gasforsyningsenhed til en
patient, hvor forsyningsledningen (3) omfatter en del af et elektrisk kredslgb (20),

kendetegnet ved, at delen af det elekiriske kredslgb (20) indbefatter en
temperatursensor (23), der er serieforoundet med et varmeelement (11, 21, 28), hvor i
det mindste temperatursensoren (23) er anbragt ved eller i neerheden af enden (30) af
forsyningsledningen (3) teettest pa patienten, og at

en printplade (60) er forbundet med varmeelementet (11, 21, 28), hvor i det mindste
en del af printpladen (60) er anbragt i gasserne, der strammer gennem
forsyningsledningen (3), og temperatursensoren (23) er indbefattet i i det mindste delen
af printpladen (60), og hvor temperatursensoren (23) er indrettet til at blive anvendt til at

levere malinger af en temperatur af gasserne.

2.  Forsyningsledning (3) ifelge krav 1, hvor printpladen (60) er i det mindste delvist
indstgbt i forsyningsledningens (3) vaeg.

3.  Forsyningsledning (3) ifalge krav 1 eller 2, hvor printpladen (60) i det mindste delvist

straekker sig ind i gasserne, der tilfgres patienten gennem forsyningsledningen (3).

4.  Forsyningsledning (3) ifalge et hvilket som helst af kravene 1 til 3, hvor delen af et
elektrisk kredslgb (20) er anbragt og forseglet pa i det mindste delen af printpladen (60),

der er anbragt i gasserne, der strammer gennem forsyningsledningen (3).

5.  Forsyningsledning (3) ifelge et hvilket som helst af kravene 1 til 4, hvor printpladen
(60) er overstgbt med plast til forsegling og anbragt i gasserne, der stremmer gennem

forsyningsledningen (3).

6. Forsyningsledning (3) ifalge et hvilket som helst af kravene 1 til 5, hvor delen af et
elektrisk kredslob (20) er dannet af et plasthus, der rager frem fra forsyningsledningens
(3) vaeg i gasserne, der strammer gennem forsyningsledningen (3), for at muliggere

malingen eller beregningen af indikationen pa gassernes temperatur.
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7. Forsyningsledning (3) ifglge et hvilket som helst af kravene 1 til 6, hvor

temperatursensoren (23) er en termistor, og hvor varmeelementet er varmetrade.

8. Forsyningsledning (3) ifelge krav 7, hvor delen af et elektrisk kredslgb (20)
indbefatter en diode (22), og dioden og termistoren er parallelforbundet med hinanden og
serieforbundet med varmetradene (21, 28).

9. Forsyningsledning (3) ifalge krav 8, hvor dioden (22) er placeret ved eller i

naerheden af enden (30) af forsyningsledningen (3) teettest pa patienten.

10. Forsyningsledning (3) ifalge krav 8 eller 9, hvor delen af et elektrisk kredslgb (20),
nar der tilfares en varmespaending til varmetradene (21, 28), er konfigureret pa en sadan
made, at dioden (2) leder, og strammen strammer gennem varmetradene (21, 28), der

leverer varme til forsyningsledningen (3).

11. Forsyningsledning (3) ifelge krav 10, hvor delen af et elekirisk kredslgb (20) er
konfigureret pa en sadan made, at en malespaending, der har en modsat polaritet af
varmespeendingen, kan tilfgres til varmetradene (21, 28), nar varmespaendingen er
frakoblet.

12. Forsyningsledning (3) ifelge krav 11, hvor delen af et elekirisk kredslgb (20) er
konfigureret pd en sadan made, at strommen i varmetradene (21, 28) ikke strammer
gennem dioden (22) men stremmer gennem termistoren (23), nar malespaendingen

tilfores.

13. Forsyningsledning (3) ifalge et hvilket som helst af kravene 1 til 12, hvor
varmelementet (11, 21, 28) omfatter en varmetrad (21, 28), og varmetraden (21, 28) er

tilvejebragt inden i, rundt om og hele vejen gennem forsyningsledningen (3).

14. Apparat til maling af egenskaber ved gasser, der tilfgres til en patient, omfattende:
mindst én forsyningsledning (3) ifalge et hvilket som helst af kravene 1 til 11 til at
tilfare gasserne til patienten og
en gasforsyningsenhed,
hvor gasforsyningsenheden indbefatter en blaeser (15) og en befugter (8) til at



DK/EP 3766534 T3

befugte gasserne fra bleeseren (15), og

hvor befugteren (8) omfatter en varmeplade (7) og et fugtrum (5), som er dannet af
et plastmateriale og har en meget varmeledende bund, og som er i direkte kontakt med
varmepladen (7).

15. Apparat ifglge krav 14, hvor det elektriske kredslgb (20) omfatter en
referencemodstand (24) og et koblingskredslab (29).

16. Apparat ifelge krav 15, hvor gasforsyningsenheden omfatter referencemodstanden
(24) og koblingskredslabet (29).

17. Apparat ifglge krav 14 eller 15, hvor spaendingen gennem referencemodstanden

kan males ved udgangen, og temperaturen af gasserne bestemmes.

18. Apparat ifelge et hvilket som helst af kravene 14 til 17, hvor forsyningsledningen (3)
kan forbindes til en udgang (4) pa fugtrummet (5).

19. Apparat ifglge et hvilket som helst af kravene 14 til 18, hvor varmeelementet (11,
21, 28) i forsyningsledningen (3) kan strgamforsynes ved hjeelp af en DC-varmespeaending
ved en forste polaritet for at opvarme gasstremmen i forsyningsledningen (3) og ved
hjeelp af en mélespaending ved en anden polaritet, modsat den farste polaritet, for at
tilfare stram til det elekiriske kredslgb (20) med henblik pa at bestemme mindst én
egenskab ved gasser, og det elekiriske kredslgb (20) kan skiftes fra DC-

varmespaendingen til malespaendingen.

20. Apparat ifglge et hvilket som helst af kravene 14 til 19, der omfatter en styreenhed
(9), der er konfigureret til at modtage input fra en brugerindlaeseenhed eller -hjul (10), ved
hjeelp af hvilken brugeren kan indstille en vaerdi for de leverede gassers fugtighed eller

temperatur.

21. Apparat ifglge krav 20, hvor styreenheden (9) som reaktion pa fugtigheds- eller
temperaturveerdien, der er indstillet af brugeren, og/eller som reaktion pa malte eller
beregnede parametre for gasserne er konfigureret til at bestemme, hvornar eller i hvilket

omfang varmepladen (7) til befugteren (8) skal stromforsynes.
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22. Apparat ifglge et hvilket som helst af kravene 14 til 21, hvor gasforsyningsenheden
omfatter en pumpe eller ventilator (2) med variabel hastighed, og apparatet omfatter en
styreenhed (9, 18), der er konfigureret til at reagere pa veerdier for tryk eller
ventilatorhastighed, der er indstillet af brugeren.

23. Apparat ifglge et hvilket som helst af kravene 14 til 22, der omfatter en naesekanyle
(12), der er forbundet med forsyningsledningen (3), hvor patienten modtager
gasstrammen fra forsyningsledningen (3) gennem naesekanylen (12).

24. Ventilations- og befugtningssystem, der omfatter mindst én forsyningsledning (3)
ifglge et hvilket som helst af kravene 1 til 13 og/eller apparatet ifglge et hvilket som helst
af kravene 14 til 23.
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