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FIG. 1

(57) Abstract: A heated breathing circuit with radiant barrier is provided. The breathing circuit includes an airflow conduit con-
figured to receive gas at input end and configured to deliver said gas to a patient at an output end, a heating element disposed inside
the airflow conduit configured to heat the gas inside the airflow conduit between the input end and the output end and a heat shield
o disposed between the heating element and an outside surface of the airflow conduit such that the heat shield prevents heat energy
loss from within said airflow conduit.
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RADIANT BARRIER FOR HEATED AIR CIRCUITS

FIELD
[0001] The present technology relates generally to the respiratory field. More

particularly, the present technology relates to heated breathing circuits.

BACKGROUND

[0002] In general, a breathing circuit is an assembly_of components which
connects a patient’s airway to a machine creating an artificial atmosphere, from
and into which the patient breaths. For example, the machine may be a ventilator
and the components may be a series of tubes. When the ventilator pushes air
through a tube to a patient, the air is sometimes humidified. A heating wire
positioned within the tube produces heat that maintains temperature inside the
tube to prevent condensation of the humidified air within the tube. Improved

breathing circuit heating is desired.
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DESCRIPTION OF EMBODIMENTS

[0003] Figure 1 shows a portion of a breathing circuit in accordance with

embodiments of the present invention.

[0004] Figure 2 shows a cross section view of an exemplary breathing circuit
including a radiant barrier disposed on an interior surface of the airflow conduit in

accordance with embodiments of the present invention.

[0005] Figure 3 shows a cross section view of an exemplary breathing circuit
including a radiant barrier disposed on an exterior surface of the airflow conduit in

accordance with embodiments of the present invention.

[0006] Figure 4 is a cross section view of an exemplary breathing circuit with an
outer insulative conduit and radiant barrier in accordance with embodiments of the

present invention.

[0007] Figure 5 shows a cross section view of breathing circuit with a radiant
barrier on the heating element in accordance with embodiments of the present

invention.

[0008] Figure 6 is a flow diagram of an exemplary method for forming a breathing
circuit with a radiant barrier in accordance with embodiments of the present

invention.
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[0009] The drawings referred to in this description should not be understood as

being drawn to scale unless specifically noted.
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DESCRIPTION OF EMBODIMENTS

[0010] The discussion will begin with an overview of the general use of breathing
circuits and the limitations associated therewith. The discussion will then focus on
embodiments of the present technology that provide a radiant shield for a heated

portion of a breathing circuit.

[0011] Breathing circuits are utilized to deliver such medical support as air and
anesthetics from a machine that creates an artificial environment to a patient via
tubes. Breathing circuits are used in surgical procedures. For example, in a most
general case, breathing circuits comprise an inspiratory limb running from a
ventilator to a patient and an expiratory limb running from the patient back to the

ventilator.

[0012] The ventilator pushes air through the inspiratory limb to reach the patient.
The patient inhales this pushed air and exhales air into the expiratory limb. For
purposes of the present invention, any portion of the breathing circuit could be
considered a patient circuit or conduit. It is appreciated that the present invention
is well suited to be used in any portion of the patient circuit or any other airflow

conduit.

[0013] If the air is cold when the patient inhales it, the patient’s body works hard to
try to warm up the air for ease of breathing. Humidity can also be added to the
circuit, because when someone is intubated for ventilation, their upper airways are

bypassed. In normal breathing, the upper airways heat and humidify inspired air.
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Because of the intubation (bypassing upper airways), there is a humidity deficit
which creates serious physiological problems if not addressed (e.g., through use
of a humidified circuit, or heat and moisture exchanger). When air is humidified,
the temperature in the tube must be kept above the dew point to prevent
condensation within the tube. Thus, breathing circuits can be designed with
heating wires positioned within the interior of at least the inspiratory limb, or patient

circuit.

[0014] If a heating wire is positioned within the airflow conduit such that the heating
wire stretches the full length of the inspiratory limb, then all of the air moving
through the inspiratory limb becomes heated. Thus, the air arriving from the

inspiratory limb into the patient’s airway is also well heated.

[0015] The heating wire is an infrared emitter and converts some of the electrical
energy to thermal energy through electrical resistance. Water vapor is considered
a very good absorber of infrared. Although the conduit of the patient circuit is a
thermal insulator, plastics are good absorbers and emitters of infrared. Therefore,
the tubing is competing with the water vapor for heat emitted by the wire.
Furthermore, the breathing circuit conduit is thin walled and therefore, some heat
will be conducted through the wall and emitted (by infrared) to the surrounding

environment.

[0016] Embodiments of the present invention provide a heated patient circuit with a
radiant barrier to trap radiant energy within the patient circuit to improve patient

circuit conditions.
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[0017] Figure 1 shows a portion of a breathing circuit 100. Breathing circuit 100 is
formed from airflow conduit 110 and directs supply gas 101 from an input end 146
to an output end 156 in accordance with embodiments of the present invention.
The output end 156 can be coupled with a patient to deliver gas supply 101 to the
patient’s respiratory system. The input end can be coupled with a gas supply (not
shown) that provides gas 101. In one embodiment, gas 101 may be humidified

prior to entering the breathing circuit 100 at input end 146.

[0018] In one embodiment, the breathing circuit 100 includes a heating wire 129
that is configured to provide heat energy to the gas supply 101. In some cases,
gas supply 101 is humidified with water vapor. To prevent condensation of the air
supply between the input end 146 and the output end 156, heat is provided by the
heating wire 129 to maintain a temperature above the dew point of the air supply

101 which prevents condensation from forming inside the air supply conduit 110.

[0019] Although the heating wire is shown as a coil of wire located along the inner
cavity of the conduit 110, it is appreciated that any number of heating wire routing
options are well suited to be used in accordance with embodiments of the present

invention. For example, more than one wire could be used.

[0020] Although the surfaces of the airflow conduit are shown as smooth surfaces,
it is appreciated that the conduit may not be smooth and may for example, be
corrugated to improve flexibility and to prevent line kinking. The radiant barrier of

the present invention is well suited to be used with such applications.
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[0021] Embodiments of the present invention provide a radiant barrier to prevent
radiant energy from passing from inside the airflow conduit to the outside
environment. The radiant barrier is not shown in Figure 1 as multiple
configurations can be implemented in accordance with the present invention. One
or more examples are described below. It is appreciated that any number of
configurations of radiant barriers and airway conduit can be used. In one
embodiment, a low emissivity material is pre-compounded into the breathing

conduit material.

[0022] In one embodiment, the radiant barrier is disposed on the interior surface
118 of the airflow conduit 110 to trap the radiant energy within the airflow conduit
110. Although embodiments of the present invention are described in the context
of blocking radiant energy, specifically in the infrared range, it is appreciated that
embodiments of the present invention could be used to block other heat energy
transfer, such as conduction or convective and could be used to block other

radiant energy outside of the infrared range.

[0023] In one embodiment, the airflow conduit of the present invention includes an
outer insulating layer, such as an outer conduit that houses the patient circuit 100.
The inner surface of the airflow conduit 110 would include a radiant barrier. It is
appreciated that the radiant barrier could be any heat reflective material suitable to

be disposed either inside or outside the airflow conduit 110.
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[0024] For example, the radiant barrier could include metal foil, a metal oxide film
or coating, a coated polymer film, a ceramic oxide coating or any other low
emissivity material. The radiant barrier of the present invention can be a stand-
alone (removable) element of the breathing circuit 100 that can be retrofitted to
existing circuits, or can be a coating applied to the circuit itself. The configuration
of the radiant barrier can be customized as to minimize any conductive heat loss

through the radiant barrier.

[0025] Figure 2 shows a cross section view of en exemplary breathing circuit 100
including a radiant barrier 200 disposed on an interior surface 118 of the airflow
conduit 110 in accordance with embodiments of the present invention. In this
embodiment, the radiant energy radiated from heating element 129 is blocked by
the radiant barrier 200 to prevent the radiation from escaping the airflow conduit
110. In this embodiment, the trapped radiant energy provides heat energy to the
gas (not shown) that is being delivered to the patient. The heat energy prevents
condensation of the supply gas on the interior surface 118 of the airflow conduit
110. The heat energy also maintains a predetermined temperature of the supply

gas to the patient.

[0026] The radiant barrier 200 of Figure 2 may be disposed on the inner surface
118 in any number of ways. For example, the radiant barrier 200 can be formed
as a separate removable inner sleeve that is positioned within the airflow conduit
110 prior to the heating element being positioned within the airflow conduit. In
another example, the radiant barrier 200 is disposed permanently on the inner

surface as a coating or film.
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[0027] Figure 3 shows a cross section view of en exemplary breathing circuit 100
including a radiant barrier 200 disposed on an exterior surface 116 of the airflow
conduit 110 in accordance with embodiments of the present invention. In this
embodiment, the radiant energy radiated from heating element 129 is blocked by
the radiant barrier 200 to prevent the radiation from escaping the airflow conduit
110. In this embodiment, the trapped radiant energy provides heat energy to the
gas (not shown) that is being delivered to the patient. The heat energy prevents
condensation of the supply gas on the interior surface 118 of the airflow conduit
110. The heat energy also maintains a predetermined temperature of the supply
gas to the patient. In this embodiment, the radiant barrier 200 may be the outside

surface 116 of airflow circuit 110.

[0028] The radiant barrier 200 of Figure 3 may be disposed on the outer surface
116 in any number of ways. For example, the radiant barrier 200 can be formed
as a separate removable outer sleeve that is positioned outside the airflow conduit
110. In another example, the radiant barrier 200 is disposed permanently on the

outer surface as a coating or film.

[0029] Figure 4 is a cross section view of breathing circuit 100 with an outer
insulative conduit 400 in accordance with embodiments of the present invention.
In one embodiment of the invention, the airflow conduit 110 is housed within an

outer conduit 400.
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[0030] An air gap 440 provides an insulation layer that further blocks heat energy
transfer from the airflow conduit 110. Figure 4 shows the radiant barrier 200 on an
outer surface 116 of the airflow conduit 110, however, it is appreciated that the
radiant barrier 200 could also be disposed on the inner surface 118 of the airflow
conduit 110. In one embodiment, the air gap 440 is evacuated to further reduce

convection heat transfer.

[0031] The radiant barrier 200, the air gap 440 and the outer conduit 440 provide
insulation for the heat energy generated by the heating element 129 that is housed
inside the airflow conduit 110. The improved insulation of heat of the present
invention reduces the amount of heat energy that is transferred from inside the
airflow conduit 110 to the outside environment which enables improved patient
circuit heating. In this embodiment, the infrared shield is disposed between the
heating element 129 and the outside surface of the airflow conduit such that said

heat shield prevents energy loss from within said airflow conduit.

[0032] Figure 5 shows a cross section view of breathing circuit 100 with a radiant
barrier on the heating element 129 in accordance with embodiments of the present
invention. In this embodiment, the radiant heat energy is shielded at the heating
element 129. In one embodiment, heating wire is coated with the radiant barrier
200. In another embodiment, the heating wire is made from a low emissivity
material and does not radiate infrared energy from the heating element. In this
embodiment, the heating wire is a poor emitter of infrared radiation and would

minimize radiation losses.

10
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[0033] Figure 6 is a flow diagram of an exemplary method 600 for forming a
breathing circuit with a radiant barrier in accordance with embodiments of the

present invention.

[0034] At 602, method 600 includes providing an airflow conduit configured to
receive gas at an input end (146 of Figure 1) and configured to deliver the gas to a
patient at an output end (156 of figure 1). In one embodiment, the input gas is
humidified and comprises water vapor in accordance with embodiments of the

present invention.

[0035] At 604, method 600 includes disposing a heat shield on a surface of the
airflow conduit such that said heat shield prevents heat energy loss from within the
airflow conduit. In one embodiment the heat shield is disposed on an interior
surface of the airflow conduit. In another embodiment, the heat shield is disposed
on an exterior surface of the airflow conduit. In another embodiment, the heat
shield is disposed between an interior surface of the airflow conduit and an exterior

surface of the airflow conduit, for example, within the airflow conduit material.

[0036] At 606, method 600 includes disposing a heating element inside the airflow
conduit, the heating element configured to heat the gas inside the airflow conduit
to maintain a predetermined temperature of the gas and to prevent condensation

of the gas inside the airflow conduit between the input end and the output end.

[0037] All statements herein reciting principles, aspects, and embodiments of the

invention as well as specific examples thereof, are intended to encompass both

11
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structural and functional equivalents thereof. Additionally, it is intended that such
equivalents include both currently known equivalents and equivalents developed in
the future, i.e., any elements developed that perform the same function, regardless
of structure. The scope of the present invention, therefore, is not intended to be
limited to the exemplary embodiments shown and described herein. Rather, the

scope of presently disclosed technology is embodied by the appended claims.

[0038] All elements, parts and steps described herein are preferably included. It is
to be understood that any of these elements, parts and steps may be replaced by
other elements, parts and steps or deleted altogether as will be obvious to those

skilled in the art.

[0039] This disclosure presents at least a heated breathing circuit with radiant
barrier. The breathing circuit includes an airflow conduit configured to receive gas
at input end and configured to deliver said gas to a patient at an output end, a
heating element disposed inside the airflow conduit configured to heat the gas
inside the airflow conduit between the input end and the output end and a heat
shield disposed between the heating element and an outside surface of the airflow
conduit such that the heat shield prevents heat energy loss from within said airflow

conduit.

12
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CONCEPTS

[0040] This writing has disclosed at least the following concepts.

Concept 1. A breathing circuit comprising:

an airflow conduit configured to receive gas at input end and
configured to deliver said gas to a patient at an output end;

a heating element disposed inside said airflow conduit configured to
heat said gas inside said airflow conduit between said input end and said output
end; and

a heat shield disposed between said heating element and an outside
surface of said airflow conduit such that said heat shield prevents energy loss from

within said airflow conduit.

Concept 2. The breathing circuit of Concept 1 wherein said heat shield is

an infrared shield that prevents radiant energy loss from within said airflow conduit.

Concept 3. The breathing circuit of Concept 2 wherein said infrared shield

is disposed on an exterior surface of said airflow passageway.

Concept 4. The breathing circuit of Concept 2 wherein said infrared shield

comprises a metal oxide material.

Concept 5. The breathing circuit of Concept 2 wherein said infrared shield

is disposed on an interior surface of said airflow passageway.

13
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Concept 6. The breathing circuit of Concept 2 wherein said infrared shield

comprises polyester film.

Concept 7. The breathing circuit of Concept 2 wherein said infrared shield

surrounds said heating element.

Concept 8. The breathing circuit of Concept 1 wherein said gas comprises
water vapor and said heat shield and said heating element are configured to

prevent condensation of said gas in said breathing circuit.

Concept 9. A breathing circuit comprising:

an outer conduit for housing an inner airflow conduit wherein an air
gap is formed between said outer conduit and said inner airflow conduit;

said inner airflow conduit disposed inside said outer conduit and
configured to receive gas at input end and configured to deliver said gas to a
patient at an output end;

a heating element disposed inside said airflow conduit configured to
heat said gas to maintain a predetermined temperature inside said airflow conduit
to prevent condensation of said gas between said input end and said output end;
and

an infrared shield disposed between said heating element and an outside
surface of said outer conduit such that said heat shield prevents energy loss from

within said airflow conduit.

14
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Concept 10. The breathing circuit of Concept 9 wherein said infrared shield

is disposed on an exterior surface of said airflow passageway.

Concept 11. The breathing circuit of Concept 9 wherein said infrared shield

comprises a metal oxide material.

Concept 12. The breathing circuit of Concept 9 wherein said infrared shield

is disposed on an interior surface of said airflow passageway.

Concept 13. The breathing circuit of Concept 9 wherein said infrared shield

comprises polyester film.

Concept 14. The breathing circuit of Concept 9 wherein said infrared shield

surrounds said heating element.

Concept 15. The breathing circuit of Concept 9 wherein said gas comprises

water vapor.

Concept 16. A breathing circuit comprising:
an airflow conduit configured to receive gas at input end and
configured to deliver said gas to a patient at an output end;
a heating element disposed inside said airflow conduit configured to
heat said gas to maintain a predetermined temperature inside said airflow conduit
to prevent condensation of said gas between said input end and said output end,;

and

15
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a heat shield disposed on an outside surface of said airflow conduit

such that said heat shield prevents energy loss from within said airflow conduit.

Concept 17. The breathing circuit of Concept 16 wherein said heat shield is

an infrared shield that prevents radiant energy loss from within said airflow conduit.

Concept 18. The breathing circuit of Concept 17 wherein said infrared

shield is disposed on an exterior surface of said airflow passageway.

Concept 19. The breathing circuit of Concept 17 wherein said infrared

shield comprises a metal oxide material.

Concept 20. The breathing circuit of Concept 17 wherein said infrared

shield is disposed on an interior surface of said airflow passageway.

Concept 21. The breathing circuit of Concept 17 wherein said infrared

shield comprises polyester film.

Concept 22. The breathing circuit of Concept 17 wherein said infrared

shield surrounds said heating element.

Concept 23. The breathing circuit of Concept 16 wherein said gas

comprises water vapor.

Concept 24. A breathing circuit comprising:

16



WO 2012/087644 PCT/US2011/064484
an airflow conduit configured to receive gas at input end and
configured to deliver said gas to a patient at an output end;
an infrared shield on an inner surface of said airflow conduit such
that said infrared shield prevents infrared energy loss from within said airflow

conduit.

Concept 25. A method for forming a breathing circuit comprising:
providing an airflow conduit configured to receive gas at input end
and configured to deliver said gas to a patient at an output end,;
disposing a heat shield on a surface of said airflow conduit such that said

heat shield prevents heat energy loss from within said airflow conduit.

Concept 26. The method of Concept 25 further comprising:

disposing a heating element inside said airflow conduit, said heating
element configured to heat said gas to maintain a predetermined temperature
inside said airflow conduit to prevent condensation of said gas between said input

end and said output end.

Concept 27. The method of Concept 26 wherein said heat shield is

disposed on an interior surface of said airflow conduit.

Concept 28. The method of Concept 26 wherein said heat shield is

disposed on an exterior surface of said airflow conduit.

Concept 29. The method of Concept 26 wherein said heat shield is an

17
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infrared shield that prevents radiant energy loss from within said airflow conduit.

Concept 30. The method of Concept 26 wherein said infrared shieid

comprises a metal oxide material.

Concept 31. The method of Concept 26 wherein said infrared shield

comprises polyester film.

18
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CLAIMS

What is claimed is:

1. A breathing circuit comprising:

an airflow conduit configured to receive gas at input end and
configured to deliver said gas to a patient at an output end;

a heating element disposed inside said airflow conduit configured to
heat said gas inside said airflow conduit between said input end and said output
end; and

a heat shield disposed between said heating element and an outside
surface of said airflow conduit such that said heat shield prevents energy loss from

within said airflow conduit.

2, The breathing circuit of Claim 1 wherein said heat shield is an

infrared shield that prevents radiant energy loss from within said airflow conduit.

3. The breathing circuit of Claim 2 wherein said infrared shield is

disposed on an exterior surface of said airflow passageway.

4, The breathing circuit of Claim 2 wherein said infrared shield

comprises a metal oxide material.

5. The breathing circuit of Claim 2 wherein said infrared shield is

disposed on an interior surface of said airflow passageway.

19
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6. The breathing circuit of Claim 2 wherein said infrared shield

comprises polyester film.

7. The breathing circuit of Claim 2 wherein said infrared shield

surrounds said heating element.

8. The breathing circuit of Claim 1 wherein said gas comprises water
vapor and said heat shield and said heating element are configured to prevent

condensation of said gas in said breathing circuit.

9. A breathing circuit comprising:

an outer conduit for housing an inner airflow conduit wherein an air
gap is formed between said outer conduit and said inner airflow conduit;

said inner airflow conduit disposed inside said outer conduit and
configured to receive gas at input end and configured to deliver said gas to a
patient at an output end;

a heating element disposed inside said airflow conduit configured to
heat said gas to maintain a predetermined temperature inside said airflow conduit
to prevent condensation of said gas between said input end and said output end,
and

an infrared shield disposed between said heating element and an outside
surface of said outer conduit such that said heat shield prevents energy loss from

within said airflow conduit.

10.  The breathing circuit of Claim 9 wherein said infrared shield is

20
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disposed on an exterior surface of said airflow passageway.

11.  The breathing circuit of Claim 9 wherein said infrared shield

comprises a metal oxide material.

12.  The breathing circuit of Claim 9 wherein said infrared shield is

disposed on an interior surface of said airflow passageway.

13.  The breathing circuit of Claim 9 wherein said infrared shield

comprises polyester film.

14.  The breathing circuit of Claim 9 wherein said infrared shield

surrounds said heating element.

15.  The breathing circuit of Claim 9 wherein said gas comprises water

vapor.

16. A breathing circuit comprising:

an airflow conduit configured to receive gas at input end and
configured to deliver said gas to a patient at an output end;

a heating element disposed inside said airflow conduit configured to
heat said gas to maintain a predetermined temperature inside said airflow conduit
to prevent condensation of said gas between said input end and said output end;
and

a heat shield disposed on an outside surface of said airflow conduit

21



WO 2012/087644 PCT/US2011/064484

such that said heat shield prevents energy loss from within said airflow conduit.

17.  The breathing circuit of Claim 16 wherein said heat shield is an

infrared shield that prevents radiant energy loss from within said airflow conduit.

18.  The breathing circuit of Claim 17 wherein said infrared shield is

disposed on an exterior surface of said airflow passageway.

19.  The breathing circuit of Claim 17 wherein said infrared shield

comprises a metal oxide material.

20.  The breathing circuit of Claim 17 wherein said infrared shield is

disposed on an interior surface of said airflow passageway.

21.  The breathing circuit of Claim 17 wherein said infrared shield

comprises polyester film.

22,  The breathing circuit of Claim 17 wherein said infrared shield

surrounds said heating element.

23.  The breathing circuit of Claim 16 wherein said gas comprises water

vapor.

24. A breathing circuit comprising:

an airflow conduit configured to receive gas at input end and

22
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configured to deliver said gas to a patient at an output end;
an infrared shield on an inner surface of said airflow conduit such
that said infrared shield prevents infrared energy loss from within said airflow

conduit.

25. A method for forming a breathing circuit comprising:
providing an airflow conduit configured to receive gas at input end
and configured to deliver said gas to a patient at an output end;
disposing a heat shield on a surface of said airflow conduit such that said

heat shield prevents heat energy loss from within said airflow conduit.

26.  The method of Claim 25 further comprising:

disposing a heating element inside said airflow conduit, said heating
element configured to heat said gas to maintain a predetermined temperature
inside said airflow conduit to prevent condensation of said gas between said input

end and said output end.

27.  The method of Claim 26 wherein said heat shield is disposed on an

interior surface of said airflow conduit.

28.  The method of Ciaim 26 wherein said heat shield is disposed on an

exterior surface of said airflow conduit.

29. The method of Claim 26 wherein said heat shield is an infrared shield

that prevents radiant energy loss from within said airflow conduit.

23



WO 2012/087644 PCT/US2011/064484

30. The method of Claim 26 wherein said infrared shield comprises a

metal oxide material.

31.  The method of Claim 26 wherein said infrared shield comprises

polyester film.

24
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AND CONFIGURED TO DELIVER SAID GAS TO A PATIENT AT AN OUTPUT END

602

DISPOSING A HEAT SHIELD ON A SURFACE OF SAID AIRFLOW CONDUIT SUCH
THAT SAID HEAT SHIELD PREVENTS ENERGY LOSS FROM WITHIN SAID AIRFLOW
CONDUIT
604
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DISPOSING A HEATING ELEMENT INSIDE SAID AIRFLOW CONDUIT, SAID HEATING
ELEMENT CONFIGURED TO HEAT SAID GAS TO MAINTAIN A PREDETERMINED
TEMPERATURE INSIDE SAID AIRFLOW CONDUIT TO PREVENT CONDENSATION OF
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