WHAT IS CLAIMED IS:

L. A respiratory humidification system for providing humidification to Zases that
pass through a gas passage way before being provided to an airway of a/patient, the
respiratory humidification system comprising:

a liquid flow controller for providing a controlled flow of 1i

way, wherein the heating system receives the controlled flow of liquid, the heating
system configured to maintain the heating surface at a/fpredetermined temperature of
between approximately 30 °C and approximately 99,4 °C; and
one or more hardware processors profiding deterministic control of a
humidity level of gases passing through the gg passage way by instructing the liquid
flow controller to adjust the controlled flow/of liquid received at the heating system.

2. The respiratory humidification gstem of Claim 1, wherein the liquid flow
controller comprises a metering system.

3. The respiratory humidificagffon system of any of Claims 1-2, wherein the liquid
flow controller comprises a pump.

4. The respiratory humjdification system of Claim 3, wherein pump comprises a
positive displacement pump.

5. The respiratorf humidification system of Claim 4, wherein the positive
displacement pump comprjfes a piezoelectric diaphragm pump or peristaltic pump.

6. The respyfatory humidification system of any of Claims 1-2, wherein the liquid
flow controller compfises a gravity feed and a control valve.
7. The respiratory humidification system of any of Claims 1-6, wherein the liquid
flow controller£omprises a non-return valve.

The respiratory humidification system of any of Claims 1-7, wherein the liquid
flow coggfoller is configured to use a wicking or capillary action.
The respiratory humidification system of any of Claims 1-8, further

copfiprising a liquid reservoir.
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10. The respiratory humidification system of Claim 9, further comprising a fow
restriction device positioned between the liquid reservoir and the liquid flow control}ér and
configured to prevent gravity driven flow influencing a delivered flow of liquid.

11. The respiratory humidification system of any of Claims 1-10, Avherein the
liquid flow controller is a pump in an open loop configuration.

12. The respiratory humidification system of any of Clayms 1-10, further
comprising a flow sensor.

13. The respiratory humidification system of Claim 12, wherein the flow sensor is
a thermal mass meter, drip feed counter, or a differential pressure flow sensor.

14.  The respiratory humidification system of Clairn/'12 or 13, wherein the liquid
flow controller is a pump or flow actuator in series with ghe flow sensor in a closed loop
configuration.

15. The respiratory humidification system gh any of Claims 1-14, wherein the flow
controller provides a controlled flow of liquid with/an accuracy of approximately + 15% of a
desired liquid flow rate.

16. The respiratory humidificatioff system of any of Claims 1-15, wherein the one
or more hardware processors provides dgferministic control of the humidity level based on
one or more of the following:

a flow rate of the gasgs;

an evaporation ratg of water from the heating surface;

a temperature #f the heating surface, wherein the temperature of the heater
surface is maintained at a constant temperature;

a temperfture of the heating surface, wherein the temperature of the heater
surface is confrolled;

an Absolute or barometric pressure of gases at the inlet;

humidity level based on the dew point temperature of the gases at the inlet;

a humidity level based on enthalpy provided by the heating surface;

a temperature of the gases prior to interaction with the heating system;

a humidity level based on the relative humidity of the gases prior to interaction

with the heating system;
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a pressure of the gases;
a function of gas velocity; and/or
a temperature of the liquid in the controlled flow of liquid.

17. The respiratory humidification system of any of Claims/1-16, further
comprising one or more of the following: a water temperature sensor, a gg6 flow rate sensor
at an outlet of the gases passage way, and a gas flow rate sensor at An inlet of the gases
passage way.

18.  The respiratory humidification system of any/of Claims 1-17, further
comprising a liquid flow rate determined by a model.

19. The respiratory humidification system off any of Claims 1-18, further
comprising a gases flow rate determined by a model.

20.  The respiratory humidification syst of any of Claims 1-19, further
comprising a gases pre-heater.

21.  The respiratory humidification/ system of any of Claims 1-20, further
comprising one or more of the following:

an ambient pressure senso

a pressure sensor positighed at or near the heater surface;

a heating surface tergperature sensor;

an ambient dey/ point temperature sensor or ambient humidity sensor
positioned upstream gf a humidification region;

an ambieny/dew point temperature sensor positioned upstream from a gases
pre-heater;

an agfbient dew point temperature sensor positioned downstream from a gases
pre-heatey, and/or

an ambient dew point temperature sensor positioned downstream from the
gas#s pre-heater and combined with a temperature sensor at a gases passage way inlet.

The respiratory humidification system of any of Claims 1-21, further

ising at least one temperature sensor forming part of the heating system.
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23.  The respiratory humidification system of Claim 22, wherein the at leagf one
temperature sensor is utilized to determine a proportion of the heater that is saturatgdl with a
liquid.

24.  The respiratory humidification system of any of Claims 20-Z3, wherein a
temperature of the gases at a gases passage way inlet is controlled in an opey loop fashion via
control of a power to the pre-heater.

25. The respiratory humidification system of any of/Claims 1-24, further
comprising a liquid pre-heater.

26.  The respiratory humidification system of any g Claims 1-25, wherein the
heating surface comprises a wicking surface.

27. A high efficiency respiratory humidificatigh system for providing heated and
humidified respiratory gases to a patient, the system cofiprising:

a respiratory gas passage way having/an inlet and an outlet, where gases flow
from the inlet to the outlet during operatigh;

a pre-heater configured to heat/ gas flow;

a heating surface separate ffom the pre-heater and located downstream from

the pre-heater, the heating surffce including wicking features configured to wick a

liquid across a face of the hfating surface, the heating surface further configured to

heat the liquid during and/fr after wicking.

28.  The respiratory/humidification system of Claim 27, further comprising a gas
flow generator.

29.  The respjfatory humidification system of any of Claims 27-28, wherein the
pre-heater comprises £ gas heating element.

30. The/respiratory humidification system of Claim 29, wherein the gas heating

element is one #f a PCB including resistive elements, an etched foil film, a heating coil, or a
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32.  The respiratory humidification system of Claim 31, wherein a power proviged
to the gas heating element is controlled according to a measurement obtained frgf the
downstream temperature sensor.

33. The respiratory humidification system of any of Claims 27/32, further
comprising a temperature sensor positioned upstream from the pre-heater.

34. The respiratory humidification system of Claim 33, whereig/a power provided
to the gas heating element is controlled according to a gas flow ratg and a measurement
obtained from the upstream temperature sensor.

35. The respiratory humidification system of any off Claims 29-34, wherein a
characterization of the gas heating element is used as a tempergfure sensor.

36. The respiratory humidification system of ghy of Claims 27-35, wherein a
desired downstream temperature is set according to an eyaporation rate of the heating surface.

37. The respiratory humidification syster/ of any of Claims 27-36, wherein the
desired downstream temperature is set in order b ensure substantially all sensible heat is
supplied to the gas flow by the pre-heater.

38. The respiratory humidificatigh system of any of Claims 27-37, wherein the
desired downstream temperature is set befween 0 °C and approximately 5 °C above an output
dew point temperature.

39.  The respiratory hugfidification system of any of Claims 27-38, wherein the
desired downstream temperaturg/is set to obtain a pre-determined output relative humidity.

40. The respiratogf humidification system of any of Claims 27-39, wherein the
desired downstream tempgfature is set to obtain a pre-determined output absolute humidity.

41.  The regfiratory humidification system of any of Claims 27-40, wherein the

desired downstreamy/temperature is set to approximately 25 °C to 43 °C, approximately 31 °C
to 43 °C, approfimately 31 °C to 41 °C, approximately 31 °C to 37 °C, or approximately
37 °C.
The respiratory humidification system of any of Claims 27-41, further
comprifing a liquid flow generator for generating a liquid flow.

43. The respiratory humidification system of any of Claims 27-42, further

mprising an apparatus for pre-heating the liquid flow.
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44.  The respiratory humidification system of Claim 43, wherein the apparagls for
pre-heating the liquid flow is incorporated into the heater-surface structure by incfeasing a
number of heating tracks at a location where the water is introduced.

45. The respiratory humidification system of Claim 44, wherein thf apparatus for
pre-heating the liquid flow is in a water supply line.

46.  The respiratory humidification system of any of Claimy/27-45, wherein the
wicking features are one or more of an absorptive fabric or pgfer, micro-channels, a
hydrophilic coated surface, capillary or contact wicks, or thin poroys media.

47. The respiratory humidification system of any ¢gf Claims 27-46, wherein the
wicking features comprise a coupling configured to distributga liquid.

48. The respiratory humidification system of/any of Claims 27-47, wherein the
heating surface is maintained at a temperature off between approximately 30 °C and
approximately 99.9 °C, between approximately 3f °C and approximately 90 °C, between
approximately 40 °C and approximately 8(Q/ °C, between approximately 45 °C and
approximately 70 °C, between approximately/A5 °C and 60 °C, between approximately 50 °C
and approximately 60 °C, or at approximayly 50 °C.

49.  The respiratory humidiffcation system of any of Claims 27-48, wherein the
humidification system is configured to be within, or as part of, an inspiratory tube for
delivering gas to a patient.

50. The respiratory/ humidification system of any of Claims 27-49, further
comprising a filter.

S1. The respjfatory humidification system of Claim 50, wherein the filter is in a
liquid delivery line.

52. Thefrespiratory humidification system of any of Claims 50-51, wherein the
filter is positiop€d downstream from a pump.

53. / The respiratory humidification system of any of Claims 50-52, wherein the
filter is pgsitioned at an inlet to the heating surface.

The respiratory humidification system of any of Claims 50-53, wherein the
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55.  The respiratory humidification system of any of Claims 27-54, furthe
comprising a UV source for sterility.
56. A respiratory humidification system for providing heated and hu
respiratory gases to a patient, the system comprising:
a liquid flow controller providing a controlled flow of liquid;
a heating system including a heating surface configured fo receive the
controlled flow of liquid and provide humidification to gases p#sing through the

humidification system;

one or more temperature sensors measuring a sugface temperature of the
heating surface;

one or more hardware processors providing deterministic control of a
humidity level of gases passing through the respfratory system by instructing the
liquid flow controller to adjust the controlled f)Ow of liquid received at the heating
system and instructing the heating system t# adjust the surface temperature of the
heating surface, wherein adjusting the gfrface temperature of the heating surface
provides control to produce a known eyhporative area; and

one or more liquid sensors ¢hnfigured to detect whether the heating surface is
wetted in at least one region.
57.  The respiratory humigftication system of Claim 56, wherein the one or more
liquid sensors comprises at least o liquid sensors configured to detect whether the heating

surface is wetted at two or morgregions of the heating surface.

ntroller is a pump in an open loop configuration.

The respiratory humidification system of any of Claims 56-59, wherein the
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62. The respiratory humidification system of any of Claims 56-61, further
comprising at least one temperature sensor forming part of the heating system.

63. The respiratory humidification system of Claim 62, wherein the at le
temperature sensor is utilized to determine a proportion of the heater that is saturayfd with a
liquid.

64. The respiratory humidification system of any of Claims 56-
one or more liquid sensors are used to prevent overflow of liquid onto the Jfeating surface.

65.  The respiratory humidification system of any of Claigfs 56-64, wherein the
one or more liquid sensors are used by the one or more hardwarg/processors to adjust the
deterministic control of the humidity level of gases passing through the respiratory system.

66. The respiratory humidification system of any/of Claims 56-65, wherein the
one or more liquid sensors are used by the one or more/hardware processors to adjust the
evaporative area of the heating surface.

67. The respiratory humidification systefn of any of Claims 56-66, wherein the
one or more liquid sensors are temperature sensg#s.

68.  The respiratory humidificatioff system of any of Claims 56-67, wherein the
one or more liquid sensors are resistive orfapacitive sensors.

69. A heater plate for a refpiratory humidification system comprising a printed
circuit board (PCB) or etched foil gfer-molded with a surface comprising micro-channels.

70. The heater platef Claim 69, wherein the surface has micro-channels that
extend in only a single directj6n.

71. The heaterflate of any of Claims 68-69, wherein the micro-channels include a
first set of distribution/£hannels connected to a second set of main channels.

72.  Thepeater plate of Claim 71, wherein the number of distribution channels is
less than the nupAber of main channels.
73.

distributed radially from a single point.

The heater plate of any of Claims 68-72, wherein the micro-channels are

4.  The respiratory humidification system of any of Claims 1-68, wherein the

hegfing system includes the heater plate of any of Claims 68-73.
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75. A respiratory humidification system for providing humidification to gasgs that
pass through a gas passage way before being provided to an airway of a pafent, the
respiratory humidification system comprising:

a liquid flow controller providing a controlled flow of liquid;

a heating system including a heating surface configurgd to receive the
controlled flow of liquid and provide humidification to gases
humidification system, wherein the heating surface is configuged to wick liquid across
the surface thereof; and

a gas pre-heater arranged in the gas passage fay upstream of the heating
system.

76.  The respiratory humidification system Claim 75, further comprising a
coupling configured to receive the controlled flow #f liquid from the liquid control and
distribute the liquid onto the heating surface.

77.  The respiratory humidification Aystem of Claim 75 or 76, wherein the
respiratory humidification system is configyfed to be in-line with an inspiratory tube for
delivering gases to a patient.

78.  The respiratory humidifffation system of Claim 77, wherein the respiratory
humidification system is configured yb be at least partially within the inspiratory tube.

79.  The respiratory hfimidification system of any of Claims 75-78, further

comprising a filter.

comprifing a safety valve to prevent flow of liquids if the pump fails.
84.  The respiratory humidification system of any of Claims 75-83, further

mprising a water reservoir.
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85. The respiratory humidification system of Claim 84, further comprising a fl
restriction device positioned between the water reservoir and the liquid flow controllgf and
configured to prevent gravity driven flow influencing a delivered flow of liquid.

86. The respiratory humidification system of any of Claims 75-85, #herein the
liquid flow controller is a pump in an open loop configuration.

87. The respiratory humidification system of any of Claims 7£-85, wherein the
liquid flow controller is a pump or flow actuator in series with a flow sghisor in a closed loop
configuration.

88. The respiratory humidification system of claim {7, wherein the pump is a
piezoelectric micro pump and the flow sensor is a thermal masy/meter.

89. The respiratory humidification system of agly of Claims 75-88, wherein the
heating system includes heater plate comprising a printgd circuit board (PCB) or etched foil
over-molded with a surface comprising micro-channe}£.

90. The respiratory humidification sysfm of any of Claims 76-89, wherein the
coupling is a fibrous, porous, or sintered polym

91. The respiratory humidificatigh system of any of Claims 75-90, wherein the
heating surface is immersed in the gas flo#.

92.  The respiratory humidjfication system of any of Claims 75-91, wherein the
heating surface includes modular zghes.

93. A respiratory hupfidification system comprising:

a liquid flow gbntroller providing a controlled flow of liquid;

a heating #stem including a heating surface configured to be located in a

gases passage yay and provide humidification to gases passing through the passage

wherein approximately 80%-99.9% of the power output of the system is
ansferred into heat in the water.
94. The respiratory humidification system of Claim 93, wherein the heating

rface is configured to be maintained at a temperature of between approximately 35 and
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approximately 90 °C, between approximately 50 and approximately 60 °C or approxi
50 °C.

95. The respiratory humidification system of any of Claims 93-94/ wherein
approximately 95%- 99.99% of the power output of the system is transferred ipfo heat in the
water.

96. The respiratory humidification system of any of Claigis 93-94, wherein
approximately 98% of the power output of the system is transferred intgf heat in the water.

97. The respiratory humidification system of any of Cjiims 93-96, wherein the
respiratory humidification system comprises the respiratory hunfdification system of any of
Claims 1-68 or 75-92.

98. A respiratory humidification system for proyiding humidification to gases that
pass through a gas passage way before being provjded to an airway of a patient, the
respiratory humidification system comprising:

an apparatus for heating a gg€ flow and positioned upstream of a
humidification region;

a liquid flow generator; and

a heating system includigfg a heating surface configured to be located in a
gases passage way and provig€ humidification to gases passing through the passage
way, wherein the heating Aystem is configured to maintain a heating surface at a

predetermined temperatyfe of between approximately 30 °C and 99.9 °C.

humidification system of Claim 98, wherein the heating

101. The respiratory humidification system of Claims 98-100, wherein the

apfparatus is a pre-heater.
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102. The respiratory humidification system of Claim 101, wherein the pre-hegfer
comprises a gas heating element.

103.  The respiratory humidification system of Claim 102, wherein the gg€ heating
element is one of a PCB including resistive elements, an etched foil film, a heatyfig coil, or a
PTC element.

104. A method to deterministically deliver gases having a prede ined outlet dew
point temperature to an outlet of a respiratory humidification sygfem, said respiratory
humidification system including:

a gases channel through which gases may flow, sfid gases channel extending
between an inlet location and an outlet location afd including a humidification
location between said inlet and outlet locations,

a fluid reservoir configured to hold a fluj

a heating surface in fluid communjfation with said gases channel at said
humidification location, said heating surfgfe having a wicking element,

a metering arrangement, in flujd communication with said fluid reservoir and
with said wicking element, said mefering arrangement configured to meter said fluid
from said fluid reservoir to said yicking element,

said wicking element£onfigured to distribute said metered fluid to at least a

distributed fluid,

the methgfl comprising deterministically controlling, with a controller, said
metering arrgfgement so as to deliver said gases to said outlet location at said
predetermiffed outlet dew point temperature.

105. e method of Claim 104, further comprising receiving, by the controller from
an inlet dew/point temperature sensor, an inlet dew point temperature measurement of a gases
supply, sf#id gases supply provided at said inlet of said respiratory humidification system, and
contrgfling said metering arrangement based on the received inlet dew point temperature

mehsurement of the gases supply.
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106. The method of any of Claims 104-105, further comprising receiyfg, by the
controller from an inlet gases flow sensor, an inlet gases flow rate measuremepf{ of said gases
supply, and controlling said metering arrangement based on the received gases flow rate
measurement of the gases supply.

107. The method of any of Claims 104-106, further comgfising receiving, by the
controller from a pressure sensor disposed within said gases chgfinel between said inlet and
humidification locations, a gases channel pressure level megfurement, and controlling said

metering arrangement based on the received gases channel fressure level measurement.
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CLAIMS:

1. A respiratory humidification system for providing humidification to gases that
pass through a gases passage way before being provided to an airway of a patient, the
respiratory humidification system comprising:

a liquid flow controller for providing a controlled flow of liquid;

a heating system including a heating surface configured to be located in a
gases passage way and provide humidification to gases passing through the passage
way, wherein the heating system receives the controlled flow of liquid, the heating
system configured to maintain the heating surface at a temperature of between 30 °C
and 99.9 °C; and

one or more hardware processors providing deterministic control of a
humidity level of gases passing through the gases passage way by instructing the
liquid flow controller to adjust the controlled flow of liquid received at the heating
system based on a flow rate of gases through the gases passage way, and an
evaporation rate of said controlled flow of liquid from the heating surface.

2. The respiratory humidification system of Claim 1, wherein the deterministic
control of the humidity level of gases is based on one or more of:

control of a temperature of the heating surface,

control of an evaporative area of the heating surface,

the flow of liquid received at the heating system.

3. The respiratory humidification system of Claim 1 or 2, wherein the controlled
flow of liquid is configured to be provided to the heating surface so as to cover the heating
surface as a film.

4. The respiratory humidification system of any one of Claim 1-3, wherein the
liquid flow controller comprises a metering system.

5. The respiratory humidification system of any one of Claims 1-4, wherein the
liquid flow controller comprises a pump, optionally the pump is a positive displacement
pump, or a gravity feed and a control valve.

6. The respiratory humidification system of any one of Claims 1-5, wherein the

liquid flow controller comprises a non-return valve.
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7. The respiratory humidification system of any one of Claims 1-6, further
comprising a liquid reservoir.

8. The respiratory humidification system of any one of Claims 1-7, wherein the
liquid flow controller is a pump in an open loop configuration.

9. The respiratory humidification system of any one of Claims 1-8, further
comprising a flow sensor, wherein the flow sensor is configured to measure the controlled
flow of liquid.

10. The respiratory humidification system of Claim 9, wherein the liquid flow
controller is a pump or flow actuator in series with the flow sensor in a closed loop
configuration.

11. The respiratory humidification system of any one of Claims 1 to 10, wherein
the one or more hardware processors provides deterministic control of the humidity level
based on one or more of:

a relative humidity level of the gases prior to interaction with the heating
system;

a temperature of the gases prior to interaction with the heating system;

an absolute or barometric pressure of gases at the inlet.

12. The respiratory humidification system of any one of Claims 1-11, wherein the
one or more hardware processors provides deterministic control of the humidity level based
on one or more of the following:

a humidity level based on the dew point temperature of the gases at the inlet;
a humidity level based on enthalpy provided by the heating surface;

a pressure of the gases;

a function of gas velocity; and/or

a temperature of the liquid in the controlled flow of liquid.

13. The respiratory humidification system of any one of Claims 1-12, further
comprising one or more of the following: a water temperature sensor, a gas flow rate sensor
at an outlet of the gases passage way, and a gas flow rate sensor at an inlet of the gases
passage way.

14. The respiratory humidification system of any one of Claims 1-13, further

comprising a gases pre-heater.
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15. The respiratory humidification system of Claim 14, wherein the gases pre-
heater is controlled to heat the gases to a desired downstream temperature after the pre-
heater, the desired downstream temperature set to be between 0 °C and 5 °C above a gases
output temperature.

16. The respiratory humidification system of any one of Claims 1-15, further
comprising one or more of the following:

an ambient pressure sensor;

a pressure sensor positioned at or near the heater surface;

a heating surface temperature sensor;

an ambient dew point temperature sensor or ambient humidity sensor
positioned upstream of a humidification region;

an ambient dew point temperature sensor positioned upstream from a gases
pre-heater;

an ambient dew point temperature sensor positioned downstream from a gases
pre-heater; and/or

an ambient dew point temperature sensor positioned downstream from the
gases pre-heater and combined with a temperature sensor at a gases passage way
inlet.

17. The respiratory humidification system of any one of Claims 1-16, further
comprising at least one temperature sensor forming part of the heating system, optionally
said at least one temperature sensor is in thermal contact with the heating surface.

18. The respiratory humidification system of Claim 17, wherein the at least one
temperature sensor is utilized to determine a proportion of the heater that is saturated with a
liquid.

19. The respiratory humidification system of any one of Claims 1-18, further
comprising a liquid pre-heater.

20. The respiratory humidification system of any one of Claims 1-19, wherein the

heating surface comprises a wicking surface.
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